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U.S. Environmental Protection Agency, Region V
Waste, Pesticides, & Toxics Division
Waste Management Branch
Illinois, Indiana, and Michigan Section
Attn: Ms. Carol Witt-Smith (DRP-8J)
77 West Jackson Blvd.
Chicago, IL 60604

Dear Ms. Witt-Smith:

Crane Division, Naval Surface Warfare Center (NAVSURFWARCENDIV
Crane) submits for review and approval three copies of the Revised
Quality Assurance Project Plan (QAPP) for Full Scale (FS)
Bioremediation Operations as enclosure (1). This revision has
been made to include Quanterra Environmental Services Laboratory
of California to perform analytical work in addition to Southwest
of Oklahoma Laboratories. Only the pages affected by this
revision are provided. Enclosure (2) is the required
certification statement.

NAVSURFWARCENDIV Crane point of contact is
Ms. Christine D. Freeman, Code 09511, telephorie 812-854-4423.

Sincerely,

Encl:
(1) Revised FS Bioremediation Operations QAPP (Quanterra addition)
(2) Certification Statement

Copy to:
ADMINISTRATIVE RECORD (2 copies)
COMNAVSEASYSCOM (SEA OaT) (w/o encls)
IDEM (S. Riddle)
MK Crane (D. Beall) (w/o encls)
SOUTHNAVFACENGCOM '(Code 1864) (w/o encls)
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I certify under penalty of law that this document and all 
attachments were prepared under my direction or supervision in 
accordance with a system designed to assure that qualified 
personnel properly gather and evaluate the information submitted. 
Based on my inquiry of the person or persons who manage the 
system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my 
knowledge and belief, true, accurate, and complete. I am aware 
that there are significant penalties for submitting false 
information, including the possibility of fine and imprisonment 
for knowing violations. 

Enclosure (2) 



/-- 
Quality Assurance Project Plan 

For Full-Scale Operations at the Bioremediation Facility 
NSWC Crane, Crane, Indiana 

Revision 3 dated October 05, 1998 

INSTRUCTIONS FOR REPLACEMENT PAGES 

NOTE: THIS REVISION HAS BEEN MADE TO INCLUDE QUANTERRA 
ENVIRONMENTAL SERVICES ,LABORATORY TO PERFORM ANALYTICAL WORK 
IN ADDITION TO SOUTHWEST OF OKLAHOMA LABORATORIES. ONLY PAGES 
AFFECTED BY THIS REVISION ARE PROVIDED. 

Cover Page: Remove Cover Page and Spine binder labeled Revision 2 dated March 
12,1998 and discard. Replace with new cover page and spine binder 
labeled Revision 3, October 05, 1998. 

Title Page: 

Section 1: 

Section 1: 

Section 1: 

Section 1: 

Section 3: 

Section 6: 

Section 7: 

Remove Title pages dated March 12, 1998 and discard. Replace with 
new title pages dated October 05, 1998 Revision 3. 

Remove pages 3 and 4 of 44 dated 03/04/98 and discard. Replace with 
new pages 3 and 4 of 44 dated 1 O/05/98. 

Remove Tables l-l through 1-4b on pages 5a through 9i and discard. 
Replace with new paged 5a through 9i all dated 10/05/98. Retain page 
10 of 44 dated 314198. 

Remove Table l-5 on pages 11 and 12 of 44 dated 314198 and discard. 
Replace with new pages 11 and 12 of 44 containing Table l-5 dated 
10/5/98. 

Remove pages 36 and 37 of 44 dated 314198 and discard. Replace with 
new pages 36 and 37 of 44 dated lOlOSl98. 

Remove Table 3.1 through Table 3.7 on pages 6 through 13 dated 314198 
and discard; Replace with new pages 6 though 13 of 14. 

Remove Table 6-1 on page 2 of 2 dated 2109198 and discard. Replace 
with new page 2 of 2 dated 10105l98. 

Remove Table 7-l on page 3 dated 3104198 and discard. Replace with 
new page 3 of 3 dated lOlO5l98. 
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Appendix B: Include the attached Table of Contents for Appendix B after cover 
page for Appendix B. Append Appendix B by adding page B-14 to 
the end of the Appendix B after page B-13. 

Appendix C: Remove the Table of Contents (1 page printed both sides), and 
replace with new Table of Contents (3 pages). 

Appendix C: Append Appendix C by adding attached Section 3 (cover and 
pages C3-1 thru C3-16) and Section 4 (cover and pages C4-1 
through C4-634) following the end of Section 2 (page C2-393). 

Appendix D: Include the attached Table of Contents for Appendix D after cover 
page for Appendix D. Append Appendix D by adding attached 

, pages Dl-I through D1-48 after page D-41. 

Appendix F: Include the attached Table of Contents for Appendix F after cover 
page for Appendix F. Append Appendix F by adding attached 
pages Fl-I through Fl-91 after page F-76. 
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The Department of Defense (DOD) has successfully utilized bioremediation, or 
composting, to treat explosives-contaminated soil since 1982. Bioremediation has 
proven to be successful at other sites having explosive-contaminated materials 
(Weston, 1993). Explosive contaminants in soils and sludges that have been 
successfully degraded by composting include: trinitrotoluene (TNT); hexahydro-1,3,5,- 
trinitro-1,3,5,-triazine (RDX); octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX); 
methyl-2,4,6-trinitropheylnitramine (Tetryl); and nitrocellulose (US. EPA, 1993a, 
1993b). Based on this success, on-site bioremediation was selected as the preferred 
treatment alternative for the Interim Measures (IM) at ABG, Rockeye, Mine Fill A, and 
Mine Fill B. In addition to its effectiveness in treating explosives, on-site bioremediation 
involves limited transportation of contaminated soil and is less expensive that the other 
treatment alternatives evaluated. 

1 .I .2 Scope of Work and Overall Objectives 

The scope of the of IM cleanup includes Full-Scale Operation at the Bioremediation 
Facility (Biofacility), located within NSWC Crane, under the direction of the Southern 
Division Naval Facilities Engineering Command (Southern Division). Remediation 
activities will be performed as specified by Delivery Order #0009, Statement Of Work 
#007, under the Environmental Remedial Action Contract (ERAC) No. N62467-93-D- 
1106. IM cleanup actions will be completed in compliance with State of Indiana and 
U.S. EPA Region 5 guidance and requirements. 

The first phase of the IM process consisted of a pilot-scale bioremediation operation 
which evaluated several mix recipes and provided lessons learned, a final recipe for 
full-scale operation, and cleanup goals for treated soil. Results and discussions on the 
pilot-scale operations are provided in the Pilot-Scale Completion Report (MK, 1998a). 
The second phase of the IM process is the full-scale operation for production treatment 
of explosives-contaminated soil. This QAPP discusses the second phase of operation, 
the full-scale operation. 

The primary objective of full-scale operation at the Bioremediation Facility is to reduce, 
through composting, the explosive contaminant levels of affected soils to meet the 
National Contingency Plan (NCP) criteria of 90% to 99% reduction of toxicity and 
mobility (leachability), and to achieve human health (residential or industrial) and/or 
ecological risk-based remedial goals based on disposition of soil. 

Human health (residential and industrial) and ecological risk-based remedial goals have 
been established using preliminary remedial goals and data quality levels by US. EPA 
Region 5 (U.S. EPA, 1998). Cumulative risk, other risk scenarios, and toxicity testing 
results are not considered in the U.S. EPA evaluation. These remedial goals are 
presented in Tables l-l through 1-3. The analytical methods and analytical reporting 
limits are also shown in these Tables. Method reporting limits for each of the target 
constituents are provided by Southwest Laboratory of Oklahoma and Quanterra 



NSWC Crane 
Full-Scale Biofacilily Operations 

Quality Assurance Project Plan 
Revision 3. 10/05/98 

Section 1, Page 4 of 44 

Environmental Services and have been evaluated by Morrison Knudsen Corporation 
(MK) for acceptability for data quality. 

Tables 1-4a and 1-4b provides the cleanup goals for rinse water generated after 
washing the rocks at the excavation site. If the rinse water meets these cleanup levels 
or non-detect levels, the rocks are determined to be acceptable for use.as backfill 
material; or the rocks may be triple rinsed, crushed, and sent to the Bioremediation 
Facility for composting. 

Table 1-5 provides the allowable discharge limits without pretreatment, analytical 
methods, and analytical reporting limits for water generated in the storm-water retention 
ponds at the Biofacility. 

Figures l-2 and l-3 of the Full-Scale Operations Plan (MK, 1998b) provide flowcharts 
describing the process flow path for decision-making of the excavation site soil and the 
treated soil respectively. Similarly, Figure l-4 of the Full-Scale Operations Plan (MK, 
1998b) provides a flowchart describing the process flow path for decision-making of 
decontamination of rocks. 

Additional full-scale objectives include: 

. Identifying areas for full-scale excavations, with respect to chemicals of 
concern at each of the SWMU sites, 

. Determining if soil entering the Biofacility is hazardous with respect to 
metals en&volatile organic compounds (VOCs) and semivolatiles. Soil 
containing hazardous levels of metals-sr, VOCs or semivolatiles will be 
not be accepted into the Biofacility for treatment, and 

. Properly disposing of waste water produced (i.e. storm-water collected, 
decontamination water) in compliance with NPDES permit and POTW 
requirements, as applicable., 

Full-scale operations will include: 

1. Initial characterization of soil, to determine (a) areas of excavation, (b) that 
soil to be excavated and treated at the Biofacility is not hazardous with 
respect to metals+r, VOCs or semivolatiles, and (c) initial explosives 
concentrations in soil to be treated. 

2. Excavation and treatment of approximately 80,000 cubic yards of soil from 
ABG; approximately 18,000 cubic yards of soil from Rockeye; 
approximately 11,000 cubic yards of soil from Mine Fill A; and 
approximately 22,000 cubic yards of soil from Mine Fill B. 



TABLE I- 1 
RESIDENTIAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Residential 
Parameter Cleanup Goal 

Applicable To (Human Health 

Method. 
of 

Analysis’ 

Analytical Reportipg 
Limit 

OwW 

MM A R 
Only) 

SWL Quanterra 
AB BE 

@WW 

G 

Pentaerythritrol 
tetranitrate (PETN) 

2,4,6drinitrotoluene 

(TNT) 

X X X X To bedetermined by 6330 0.25 0.25 
U.S. EPA 1996 

xx xx 15 8330 0.50 0.25 

Cyclotrimethylene xx xx 4.0 8330 0.625 0.25 
trinitramine (RDX) 
(Hexahydro 1,3,5 trinitro 
1.3.5 triaziine) 

Cyclotetremethylene 
tetranitramine (HMX) 
(Octahydro 1.3.57 
tetranitro 1,3,5,7 
tetrazocine) 

xx xx 3,300 8330 1.60 0.25 

Tetryl (Methyl 2,4,6 xx xx 650 8330 0.38 0.25 
trinitro phenyl nitramine) 

(1 Trinitrobenzene (TNB) 1 X 1 X 1 X ) X I 3.3 8330 0.575 0.25 
I 

Trinitrobenzene (TNB) xx xx 3.3 8330 0.575 0.25 

1,3-Dinitrobenzene 1,3-Dinitrobenzene xx xx xx xx 6.5 6.5 8330 8330 0.49 0.49 0.25 0.25 
@NW @NW I 

xx xx F,R f 6236 

- xx * * ?C * 8338 

Nitrobenzene (NB) xx xx 18 8330 0.26 0.25 

44mino 2,6 
Dinitrotoluene 
(44m DNT) 

xx xx 65" 8330 0.45 0.25 

NSWC Crane 
Bioremediation Facility 
QAPP Section 1, Page 5a of 44 1 O/05/98 



II 
TABLE 1 - 1 

RESIDENTIAL USE SOIL REMEDIAL GOALS, 
SWMU-SPECIFIC CHEMICALS OF CONCERN, 

AND ACCEPTABLE REPORTING LIMITS 
NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter 

- 

X x IXIXI 130 1 8330 1 0.24 1 0.25 
- 

X xxx 65 8330 0.39 0.25 
- 

X x x x 650 8330 0.72 0.25 
- 

X xxx 650 8330 0.50 0.25 
- 

X xxx 650 8330 0.48 0.25 
E 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 
* = Region 9 Preliminary Remedial Goal (PRG) value. 

** = Using 2,6 DNT as the surrogate for toxicity potential. 
*** = Using 2,4 DNT as the surrogate for toxicity potential. I 

SWMU IM Residential Method Analytical Reporting 
Parameter Cleanup Goal of Limit 

A #PI plicable To plicable To (Human~Health (Human~Health Analysis’ 

M 
A 

I 
n-i M A R M A R 

Only) Only) 

B 6 E B 6 E 
(WW (WW 

IG 1 

Anab&+ 1 (Wkg) swL (mim;an#erra 

SWL Quanterra 

G 
= I I 
X x x x 130”’ 8330 0.40 0.25 

NSWC Crane 
Bioremediation Facility 
QAPP Section 1, Page 5b of 44 1 O/05/98 



TABLE I- 1 
RESIDENTIAL USE SOIL REMEDIAL GOALS, 

SWMUSPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Residential Method Analytical Reporting 
Parameter Cleanup Goal of 

I 

Limit 
Applicable To (Human Health Analysis’ Owh) 

I Only) I II 
I 

MM A R 
(Wkg) 

SWL Quanterra 
AS BE 

G 

NSWC Crane 
Bioremediation Facility 
QAPP Section 1, Page 5c of 44 1 O/05/98 



TABLE I- 1 /-- 
RESIDENTIAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Residential Method 
Parameter Cleanup Goal 

Applicable To (Human Health Anao;eis’ 

ON9 

Analytical Reporting 
Limit 

OWkg) 

MM A R 
(Wkg) 

SWL Quanterra 
AB BE 

G 

Selenium TT T T 360 6010 25.0 20.0 

Silver TT T T 360 6010 1.0 1.0 

Manganese X 3,200 + 6010 1.0 1.0 

Thallium X .6.3 ++ 6010 25.0 200 

Vanadium X 540 +++ 6010 2.0 1.0 

Cyanide 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 
EN-BG = Essential nutrient; individual sample levels must be compared to unimpacted 

background levels at the site. 
+ = Region 9 PRG value. 
++ = Average of Region 9 PRGs for Thallium compounds. 
+++ = Region 9 PRG for Elemental Vanadium. 
++++ = Region 9 PRG value for “Free Cyanide”; this is the remedial goal that should be compared 

to the “Total Cyanide” measurement. 

NSWC Crane 
Bioremediation Facility 
QAPP Section 1, Page 5d of 44 
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TABLE 1 - 1 
RESIDENTIAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Residential Method of Analytical Reporting 
Parameter Cleanup Goal Analysis’ Limit 

Applicable To (Human Health (Wkg) 
Only) 

MM A R 
MWkg) 

SWL Quanterra 
AB BE 

G 

VOLATILE ORGANICS 

Dichloromethane xx x 7.8 8260 0.005 0.005 
(methylene chloride) 

Acetone xx x 2,000 8260 0.005 0.010 

Methyl ethyl ketone xx x 7,100 8260 0.005 0.010 
(2 - butanone) TT T 

Methyl isobutyl ketone X X 770 8260 0.005 0.010 
(4 - methyl -2- 
pentanone) 

II Toluene lxlx I I I 790 I 8260 1 0.005 1 0.005 11 

Xylene (total) 

Trans 1,3 
dichloropropene 

x x X 320 8260 0.005 0.005 

X 0.25 8260 0.005 0.005 

1 ,l,l Trichloroethane x x 1,200 8260 0.005 0.005 I, 1.2 Trichloroethane Ixlxl 0.65 1 8260 I 0.005 I 0.005 I 

,- 

NSWC Crane 
Bioremediation Facility 
QAPP Section 1, Page Se of 44 1 O/05/98 



TABLE 1 - 1 
RESIDENTIAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

1 ,1,2.2 Tetrachloroethane 

VOTES: MA = Mine Fill A, MB = Mine Fill B. ABG = Animonition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SW?vlU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 

l = For mixture of cis- and trans- isomers; Region 9 PRG. 
** = Region 9 PRG. 

# = Soil screening level for inhalation of volatile chemical. 

NSWC Crane 
Bioremediation Facility 
QAPP Section 1, Page 5f of 44 1 O/05/98 



TABLE I- 1 
RESIDENTIAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Residential Method Analytical Reporting 
Parameter Cleanup Goal of Limit 

Applicable To (Human Health Analysis’ OwW 
Only) 

MM A R 
OWW 

SWL Quantera 
AB BE 

G 

SEMI-VOLATILE 
ORGANICS 

Phenanthrene 

Fluoranthene 

Pvrene 

X 100 * 8270 0.33 0.33 

X 2,600 8270 0.33 0.33 

X 100 8270 0.33 0.33 

Bis (Z-ethylhexyl) 
phthalate 

di-n-butyl phthalate 

N-Nitrosodiohenvlamine 

X 46 + 8270 0.33 0.33 

X 6,500 l 8270 0.33 1 0.33 

X 130+ 8270 0.33 0.33 

Benzo (b) fluoranthene X 0.9 + 8270 0.33 0.33 

4 - Nitrophenol X NA 8270 1.60 1.60 

Benzo(a)anthracene 1 1 1 X 1 1 0.9 + 1 8270 1 0.33 I 0.33 

Chrysene I I X 7’ 8270 0.33 I 0.33 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 

* = Region 9 PRG. 
+ = Soil screening level. 
* = Using Pyrene as the surrogate for volatile PAHs which are not suspected to be human 

carcinogens. 

NSWC Crane 
Bioremediation Facility 
QAPP Section 1, Page 5g of 44 1 O/05/98 



TABLE I- 1 
RESIDENTIAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU 
Parameter 

Applicable To 

IM Residential Method of Analytical Reporting 
Cleanup Goal Analysis’ Limit 

(Human Health Owh) 

MM A R 
Only) 

OwW 
SWL Quanterra 

AB BE 
G 

POLYCHLORINATED 
BIPHENYLS (PCBs) 

Arochlor 1242 X 0.066 # 8081l8082 0.033 0.050 

II Arochlor 1254. 11x1 I I 0.066# 1 8081/8082 1 0.067 1 0.050 

Arochlor 1260 X 0.066 # 808118082 0.067 0.050 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 

# = This is probably a single assay for PCBs; you cannot analyze PCBs in an old release to soil by 
assuming that the PCB congenerlchtorine content will be similar to the original commercial product. 

NSWC Crane 
Bioremediation Facility 
QAPP Section 1, Page 5h of 44 1 O/05/98 



TABLE I- 1 
RESIDENTIAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter Parameter SWMU SWMU IM Residential- IM Residential- Method of Method of Analytical Analytical 
Parameter Parameter Cleanup Goal Cleanup Goal Analysis’ Analysis’ Reporting Limit Reporting Limit 

Applicable To Applicable To (Human Health (Human Health (mgW (mgW 

MM A R MM A R 
Only) Only) 

AB BE AB BE 
(mgW (mgW 

SWL SWL 
G G 

DIOXINS 

2376 TCDD 
equivalents 

X 0.001 + 8290 0.00001 
f 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
l - Dioxin Soil Sampling is limited to a proximity around solvent burning areas. 
1. Analytical methods listed above are SW-646 methods, unless otherwise indicated. 

+ = This is U.S. EPA remedial policy for residential areas (1 part per billion); However, U.S. EPA 
may elect to adopt a more stringent state standard if one is available. 

NSWC Crane 
Bioremediation Facility 
QAPP Section 1, Page 5i of 44 1 O/05/98 



TABLE 1 - 1 /-- 
RESIDENTIAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Preliminary Exposure Scenarios and Land Use Options: 

These values only address direct inhalation and ingestion. 
No cummulative risk is calculated. 
No agricultural crop use is allowed. 
No gardening or food chain use is allowed. 
No animal grazing is allowed. 
No site-specific risk assessment values are calculated. 
Leaching and ground water impacts at the disposal site are not addressed, 
Uncontrolled use of soil is not allowed without restrictions. 

NSWC Crane 
Bioremediation Facility 
QAPP Section 1, Page 5j of 44 1 O/05/98 



TABLE I- 2 
INDUSTRIAL USE SOIL REMEDIAL GOALS, 

SWMUSPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

EXPLOSIVES 
I 
Pentaerythritrol 
tetranitrate (PETN) 

2,4,6-trinitrotoluene 

VW 

F- 

Cyclotrimethylene 
trinitramine (RDX) 
(Hexahydro 1,3,5 trinitro 
1,3,5 triazine) 

Cyclotetremethylene 
tetranitramine (HMX) 
(Octahydro 1.3,5,7 
tetranitro 1,3,5.7 
tetrazocine) 

Tetryl (Methyl 2,4,6 
trinitro phenylnitroamine) 

Trinitrobenzene (TNB) 

II 1,3-Dinitrobenzene 
VW 

II- 

= 

X 

- 

X 

- 

X 

- 

X 

- 

X 

- 

X 
- 

X 

- 

* 

x 
- 

X 
- 

* 

- 

= 

X 

- 

X 

- 

X 

- 

X 

- 

X 

- 
X 
- 

X 

- 

K 
- 

X, 
- 

X 
- 

* 

- 

= 

X 

- 
X 

- 

X 

- 

X 

- 

X 

- 
X 
- 

X 

- 

* 

* 
- 

X 
- 

* 

- 

X 17 8330 0.625 0.25 

X 34,000 8330 1.60 0.25 

X 6,800 ) 8330 1 0.38 1 0.25 

XI 34 1~ 8330 i 0.575 1 0.25 

X 68 
I 

8330 
I 

0.49 
I 

0.25 

*I- I-i I 
X- 8239 

X 94 8330 0.26 0.25 

x 0 
I-I I 

NSWC Crane 
Bioremediation Facility 
QAPP Section 1, Page 6a of 44 
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TABLE 1 - 2 

INDUSTRIAL USE SOIL REMEDIAL GOALS, 
SWMU-SPECIFIC CHEMICALS OF CONCERN, 

AND ACCEPTABLE REPORTING LIMITS 
NAVAL SURFACE WARFARE CENTER - CRANE 

&Amino 2,6 
Dinitrotoiuene 

2,4 DNT 

2,6-DNT xx xx 680 8330 0.39 0.25 

2-nitrotoluene (2 NT) xx xx 6,800 8330 0.72 0.25 

3 NT xx xx 6,800 8330 0.50 0.25 

4NT xx xx 6,800 8330 0.48 0.25 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning ‘Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 

l = Region 9 Preliminary Remedial Goal (PRG) value. 
l * = Using 26 DNT as the surrogate for toxicity potential. 
*** = Using 2,4 DNT as the surrogate for toxicity potential. 
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.- 
TABLE I- 2 

INDUSTRIAL USE SOIL REMEDIAL GOALS, 
SWMUSPECIFIC CHEMICALS OF CONCERN, 

AND ACCEPTABLE REPORTING LIMITS 
NAVAL SURFACE WARFARE CENTER - CRANE 
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TABLE I- 2 
INDUSTRIAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter 

Selenium 

SWMU IM Industrial Method of 
Parameter Cleanup Goal Analysis’ 

Applicable To (Human Health 

MM A R 
Only) 

A6 13 E 
(mgM) 

G 

TT T T 8.500 6010 

Silver TT TT 8,500 6010 

Manganese X 43,000 * 6010 

Thallium X 140 * 6010 

Vanadium I I I x I I 12.000’ I 6010 

Analytical Reporting 
Limit 

(mgW 

SWL 

25.0 1 20.0 

1.0 I 1.0 

2.0 I 1.0 

0.50 0.50 Cyanide 

NOTES: MA = Mine Fill A, MB = Mine Fill B. ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 

* = Region 9 PRG. 
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Bioremediation Facility 
QAPP Section 1, Page 6d of 44 10105/98 



TABLE I- 2 
INDUSTRIAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU 
Parameter 

Applicable To 

IM Industrial Method 
Cleanup Goal of 

(Human Health Analysis’ I 

Analytical Reporting 
Limit 

bwtkg) 
Only) 

MM A R 
OwW 

SWL Quanterra 
AB BE 

G 

VOLATILE ORGANICS 

Dichloromethane 
(methylene chloride) 

- 

18 8260 0.005 

II Acetone 8,800 I 8260 I 0.005 0.010 

Methyl ethyl ketone 
(2 - butanone) 

27,000 1 8260 1 0.005 0.010 

Methyl isobutyl ketone 
(4 - methyl -2- 
pentanone) 

Toluene 

320 1 8260 1 0.005 0.005 Xylene (total) 

Trans I,3 
dichloropropene 

0.55 * 1 8260 1 0.005 0.005 

3,000 1 8260 1 0.005 0.005 1 ,I ,I Trichloroethane 

1.1.2 Trichloroethane 1.5 1 8260 1 0.005 

,- 
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TABLE 1 - 2 

INDUSTRIAL USE SOIL REMEDIAL GOALS, 
SWMU-SPECIFIC CHEMICALS OF CONCERN, 

AND ACCEPTABLE REPORTING LIMITS 
NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU 
Parameter 

Applicable To 

IM Industrial Method 
Cleanup Goal Of 

(Human Health Analysis’ 
Onlvl 

I,1 Dichloroethylene 

1.2 Dichloroethylene 

G 

X 0.08 * 8260 

X 0.55 l 8260 

Analytical Reporting 
Limit 

OwW) 

SWL Quanterra 

Trichloroethylene (TCE) X 7 - 8260 

1 ,1,2,2 Tetrachloroethane X 1.1 = 8260 
T 

Vinyl Chloride X 0.035 * 8260 
T 

Chloroethane 

Chloroform 

X 1,600 * 8260 

T X 0.53 l 8260 
T 

Tetrachloroethvlene 11 1x11 17’ 18260 

I,2 Dichloroethane T 0.55 * 8260 

1 1 ~ir.hlnmethann T 1 7m-l l 82fd-l 

0.005 I 0.005 
I 

0.005 0.005 

0.005 
I 

0.010 

0.005 I 0.005 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-846 methods, unless othewise indicated. 

* = Region 9 PRG. 
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TABLE 1 - 2 
INDUSTRIAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Industrial Method 
Parameter Cleanup Goal 

Applicable To (Human Health An&is’ 
Only) 

Analytical 
Reporting Limit 

~~Wg) 

MM A R 
-(mm) 

SWL Quanten 
AB BE 

G 

SEMI-VOLATILE 
ORGANICS 

Phenanthrene I I I X 8270 0.33 0.33 

II Fluoranthene I I I 1x1 27.000 I a270 I 0.33 I 0.33 

Pyrene 

Bis (2-ethylhexyl) 
phthalate 

X 100 a270 0.33 0.33 

X 140' a270 0.33 0.33 

di-n-butyl phthalate X 68,000 - 6270 0.33 0.33 

(1 N-Nitrosodiphenylamine 1 I I X I 1 390 * a270 0.33 0.33 

II Benzo (b) fluoranthene I I 1x1 I 2.6 * I a270 I 0.33 I 0.33 

4 - Nitrophenol X NA a270 1.60 1.60 

Benzo (a) anthracene X 2.6 * a270 0.33 0.33 

ry Ch sene 6270 0.33 0.33 

I 

NOTES: MA = Mine Fill A, MB = Mine Fill 8, ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-646 methods, unless otherwise indicated. 

* = Region 9 PRG. 
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TABLE I- 2 
INDUSTRIAL USE SOIL REMEDIAL GOALS, I 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Industrial Method of Analytical Reporting 
Parameter Cleanup Goal Analysis’ Limit 

Applicable To (Human Health WWg) 

MM A R 
Only) 
(vYkg) 

SWL Quanterra 
AB BE 

G 

POLYCHLORINATED 
BIPHENYLS (PCBs) 

Arochlor 1242 X 0.34 # 8081l8082 0.033 0.050 

Arochlor 1254 

Arnnhlnr 17.60 

X 19 # 808118082 0.067 0.050 

I I X I I 8081/8082 I I 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 

# = This is probably a single assay for PCBs; you cannot analyze PCBs in an old release to soil by 
assuming that the PCB congerlchlorine content will be similar to the original commercial product. 
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TABLE 1 - 2 
INDUSTRIAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter Parameter SWMU SWMU IM Industrial IM Industrial Method of Method of Analytical Analytical 

Parameter Parameter Cleanup Goal Cleanup Goal Analysis’ Analysis’ Reporting Limit Reporting Limit 
Applicable To Applicable To (Human Health (Human Health @w&f) (mgW 

MM A R MM A R 
Only) Only) 

AB BE AB BE 
@Wg) @Wg) 

SWL SWL 
G G 

DIOXINS 

2,3,7,0 TCDD 
equivalents 

X 0.005 - 0.020 + 8290 0.000001 
t 

~ NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 

I 
l - Dioxin Soil Sampling is limited to a proximity around solvent burning areas. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 

+ = This is U.S. EPA remedial policy for industrial areas (5-10 parts per billion); However, US. 

I 
EPA may elect to adopt a more stringent State standard if one is available. 
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TABLE 1 - 2 
INDUSTRIAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

II ;: Prekmmary Exposure Scenarios and Land Use Options: 

These values only address direct inhalation and ingestion. 
Worker safety is not addressed. 
No cummulative risk is calculated. 
No agricultural crop use is allowed. 
No residential use is allowed. 
No gardening or food chain use is allowed. 
No animal grazing is allowed. 
No site-specific risk assessment values are calculated. 
Leaching and ground water impacts at the disposal site are not addresed. 
Uncontrolled use of soil is not allowed without restrictions. 
Industrial construction exposure is not addressed. 
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Bioremediation Facility 
QAPP Section 1, Page 6j of 44 1 O/05/98 



TABLE I- 3 
ECOLOGICAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

SWMU IM Cleanup Goal- Method of Analytical Reporting 
Parameter (Ecological Only) Analysis’ Limit 

Applicable To (WW OWkg) 

Parameter 

MM A R 
AB BE 

X X 

- 

X 

- 

X 

- 

X 

- 

X 

- 

X 
- 

X 

- 

* 
- 

* 
- 

X 
- 

x 

X To be determined by 8330 
U.S. EPA in 1998 

II 2,4,6-trinitrotoluene X 
VW I 

X X No listing + 

I 

8330 0.50 0.25 

X 0.625 

I 

0.25 Cyclotrimethylene X 
trinitramine (RDX) 
(Hexahydro 1.3,5 trinitro 
1,3,5 triazine) 

X No listing * 8330 

Cyclotetremethylene 
tetranitramine (HMX) 
(Octahydro 1.3.5,7 

Tettyl (Methyl 2,4.6 

1 ,&Dinitrobenzene 

X 1.60 0.25 

- -Tq-x- 
X 0.575 I 0.25 

X 0.49 0.25 

II- * XIL1- I8338 -=I- *l-t+e-m@ 18338 
II Nitrobenzene (NE) I x XI 0.0148 + I 8330 

117 I* x * “m 8a38 

- 
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TABLE 1 - 3 
ECOLOGICAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Cleanup Goal Method of Analytical Reporting 
Parameter (Ecological Only) Analysis’ Limit 

Applicable To PWW (mgh) 

MM A R 
AB BE 

SWL Puanterra 

2.6-DNT lxlx 

G 

x x No listing * 8330 0.45 0.25 

x x No listing * 8330 0.40 0.25 

x x 0.033 + 8330 0.24 0.25 

x x 0.000029 ++ 8330 0.39 0.25 

x x No listing l 8330 0.72 0.25 

x x No listing * 8330 0.50 0.25 

4 NT 1X1X IXIXI No listing l 8330 1 0.48 1 0.25 

NOTES: MA = Mine Fill A, MB = Mine Fill B. ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 
l = The Navy must do a literature search or see if similar surrogates are available to justify a cleanup 

goal for this parameter. 
+ = U.S. EPA Region 5 toxicity information adjusted for shrews, back calculated for appropriate soil 

concentration. 
++ = Based on shrews, extrapolated from dog data. 
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TABLE I- 3 
ECOLOGICAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter 

lETALS 

SWMU IM Cleanup Goal Method of Analytical Reporting 
Parameter (Ecological Only) Analysis’ Limit 

Applicable To VW@ OWW 

M M A .R SWL Quanterra 
AB BE 

G 

arium 

:admium 

on 

ead 0.00000662 ++ 

lercury xx xx 0.00108 + 7471 0.033 0.10 
TT T T 

NSWC Crane 
Bioremediation Facility 
QAPP Section 1, Page 7c of 44 1 O/05/98 



TABLE I- 3 
ECOLOGICAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter 

Selenium TT T T 0.00015 + 6010 I 25.0 20.0 

TIT ITITI 0.253 + I 6010 1 1.0 1 1.0 II 

X No listing l 6010 1.0 1.0 

X 0.000306 + 6010 25.0 200 

II Vanadium 1 1 1 X 1 1 o.o0859+ 1 6010 1 2.0 1 1.0 11 

Cyanide X u +++ 9010 I 0.50 0.50 
I I 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-646 methods, unless otherwise indicated. 
* = The Navy must do a literature search or see if similar surrogates are available to justify a cleanup 

goal for this parameter. 
+ = U.S. EPA Region 5 toxicity information adjusted for shrews, back calculated for appropriate soil 
concentration. 
++ = Based on shrews, extrapolated from sheep data. 

+++ = U.S. EPA Reaion 5 toxicitv information adiusted for voles. back calculated for 
aoorooriata soil concentration. 
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TABLE I- 3 
ECOLOGICAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Cleanup Goal Method Analytical Reporting 
Parameter (Ecological Only) of Limit 

Applicable To (WW Analysis’ (WW 

MMAR, 
AB BE 

G 

SWL Quanterra 

VOLATILE ORGANICS 

Dichloromethane 
(methylene chloride) 

Acetone 

xx x 0.072 + 8260 0.005 0.005 

xx x 0.257 ++ 6260 0.005 0.010 

II Methyl ethyl ketone 9.22 ++ 6260 0.005 0.010 (2 - butanone) 1 1 1 

X X 56 + 6260 

I 

0.005 0.005 

Toluene 

Xylene (total) 

Trans I,3 
dichlorooropene 

x x 0.2997 + 6260 0.005 0.005 

x x X 1.25 + 6260 0.005 0.005 

X 0.00449 + 6260 0.005 0.005 

1 ,l.l Trichloroethane x x 0.2225 + 6260 0.005 0.005 

1 .1.2 Trichloroethane x x 0.3229 + 6260 0.005 0.005 

NSWC Crane 
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TABLE I- 3 
ECOLOGICAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Cleanup Goal Method Analytical Reporting 
Parameter (Ecological Only) of Limit 

Applicable To OwM) Analysis’ (mgb) 

MM A R SWL Quanterra 
AB BE 

G 

1 ,I Dichloroethylene X 0.00167 + 8260 0.005 0.005 

1.2 Dichloroethylene X 0.10245 + 8260 0.010 0.005 

Trichloroethyiene (TCE) X 0.10604 + 8260 0.005 0.005 

II 1,1,2,2Tetrachloroethane 1 1 ( 7 1 I 0.00114+ I 8260 1 0.005 ( 0.005 

II Vinyl Chloride 

I I I:I I 

0.00729 + 1 8260 1 0.005 ) -~O.OlO 

II Chloroethane 1 1 1 X I I Nolisting* ( 8260 1 0.005 I 0.010 

Chloroform T X 0.15574 + 8260 0.005 0.005 
T 

Tetrachloroethylene X 0.45674 + 8260 0.005 0.005 

II 1.2 Dichloroethane 1 T I I 1 I 0.23156+ 1 8260 1 0.005 1 0.005 

1,1 Dichloroethane T 0.00167 + 8260 0.005 0.005 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 
* = The Navy must do a literature search or see if similar surrogates are available to justify a cleanup 

goal for this parameter. 
+ = U.S. EPA Region 5 toxicity information adjusted for shrews, back calculated for appropriate soil 
concentration. 
++ = U.S. EPA Region 5 toxicity information adjusted for voles, back calculated for appropriate soil 
concentration. 
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TABLE I- 3 /-- 
ECOLOGICAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Cleanup Goat Method of Analytical 
Parameter (Ecological Only) Analysis’ Reporting Limit 

Applicable To OwW OWkg) 

MM A R SWL Quanter 
AB BE 

G 

SEMI-VOLATILE 

Phenanthrene X 0.13986 + 8270 0.33 0.33 

Fluoranthene X 4.32 + 8270 0.33 0.33 

II Pyrene I I I 1x1 2.94 + I 8270 1 0.33 1 0.33 

Bis (Z-ethylhexyl) 
phthalate 

di-n-butyl phthalate 

X 0.00152 + 8270 0.33 0.33 

X No listing * 8270 0.33 0.33 

II N-Nitrosodiphenylamine I I I x I I 0.0065 + I 8270 1 0.33 1 0.33 

Benzo (b) fluoranthene X 0.1732 + 8270 0.33 0.33 

4 - Nitrophenol X 0.05779 + 8270 1.60 1.60 

II Benzo (a) anthracene I I 1x1 I 0.01088 + I 8270 1 0.33 1 0.33 

Chrysene 

I 

X 0.01088 # 8270 0.33 0.33 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 
l = The Navy must do a literature search or see if similar surrogates are available to justify a 

cleanup goal for this parameter. 
+ = U.S. EPA Region 5 toxicity information adjusted for shrews, backcalculated for appropriate soil 
concentration. 
# = No data available; some reports use benzo (a) anthracene as surrogate data. 
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TABLE 1 - 3 
ECOLOGICAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Cleanup Goal Method of Analytical Repotting 
Parameter (Ecological Only) Analysis’ Limit 

Applicable To (WW OWW 

MM A.R 
AB BE 

G 

SWL Quanterra 

POLYCHLORINATED 
BIPHENYLS (PCBs) 

Arochlor 1242 X 0.00158 + 8081/8082 0.033 0.050 

II Arochlor 1254 11x1 I I 0.00158 + 1 8081/8082 1 0.067 1 0.050 11 

Arochlor 1260 X 0.00158 + 808118082 0.067 0.050 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground,and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 

+ = U.S. EPA Region 5 toxicity information adjusted for shrews, backcalculated for appropriate soil 
concentration 

I’ II 
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TABLE 1 - 3 

ECOLOGICAL USE SOIL REMEDIAL GOALS, 
SWMU-SPECIFIC CHEMICALS OF CONCERN, 

AND ACCEPTABLE REPORTING LIMITS 
NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Cleanup Goal Method of Analytical 
Parameter (Ecological Only) .Analysis’ Reporting, Limit 

Applicable To (Wkg) WWW 

MM A R 
AB BE SWL 

G 

DIOXINS 

2573 TCDD 
equivalents 

X 0.00000000079 + 8290 0.000001 
f 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground,and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 

l = Dioxin Soil Sampling is limited to a proximity around solvent burning areas. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 

+ = U.S. EPA Region 5 toxicity information adjusted for shrews, back calculated for appropriate 
soil concentration. 
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TABLE 1-3 
r ECOLOGICAL USE SOIL REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Preliminary Exposure and Land Use Options: 

These values only address direct ingestion in animals. 
No cummulative risk is calculated. 
No site-specific risk assessment values are calculated. 
Leaching and ground water impacts at the disposal site are not addressed. 
Uncontrolled use of soil is not allowed without restrictions. 
Soil may not be placed in or along surface water bodies. 
Soil may not be placed in erosion areas leading to surface water bodies. 
Vegetation exposure is not addressed. 

,.- 
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TABLE I- 4a 
HUMAN DRINKING WATER USE REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Drinking Water Method of Analytical Reporting 
Parameter Cleanup Goal Analysis’ Limit 

Applicable To (Human Health (W) 
Only) 

MM A R 
wu 

SWL 

] 

Quantem I 

AB BE 
G 

1 EXPLOSIVES 

3 

Cyclotrimethylene xx x 
trinitramine (RDX) 
(Hexahydro 1,3.5 trinitro 
1.3.5 triazine) 

Cyclotetremethylene xx x 
tetranitramine (HMX) 
(Octahydro 1,3,5.7 
tetranitro 1,3.5,7 
tetrazocine) 

trinitro phenyl nitroamine) LzIEzAK 

X 3.4 8330 0.30 1.0 

* 9 8338 
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TABLE I- 4a 

HUMAN DRINKING WATER USE REMEDIAL GOALS, 
SWMU-SPECIFIC CHEMICALS OF CONCERN, 

AND ACCEPTABLE REPORTING LIMITS 
NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter 

Dinitrotoluene 

Dinitrotoluene 

II2-nitrotoluene (2 NT) 

SWMU IM Drinking Water 
Parameter Cleanup Goal 

Applicable To (Human Health 
Only) 

(ygifi :I; pq 

xx xx 37 l * 

E 

xx xx 60.8 *** 

xx xx 60.8 

I I 
I I 

XIX IXIXI 37 

Method of Analytical Reporting 
Analysis’ 

8330 0.06 

I I 

0.10 

I I 

8330 0.04 0.10 

8330 1 0.1 1 0.3 

XIX IXIXI 370 I 8330 1 0.78 1 1.0 

xx xx 370 8330 0.65 1.0 

xx xx 370 8330 0.65 1.0 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye 
X = Parameter is a chemical of Conceem at the SWhlU. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 

* = Region 9 Preliminary Remedial Goal (PRG) value. 
l * = Using 2,6 DNT as the surrogate for toxicity potential. 
*** = Using 2,4 DNT as the surrogate for toxicity potential. 
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TABLE 1 -4a 
HUMAN DRINKING WATER USE REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Drinking Water Method of 
Parameter Cleanup Goal Analysis’ 

Applicable To (Human Health 

Only) 

MM A R 
Wl) 

AB BE 
G 

II METALS 

11 Aluminum xx xx 37,000 601 O/6020 

Antimony x x 6 7041/6020 

II Arsenic ITIT 1:l:l 0.038 7060/6020 

Barium xx xx 2,000 6010/6020 
TT T T 

Beryllium x x 0.016 601 O/6020 

Cadmium xx xx 1.1 7131/6020 
TT T T 

Chromium (total) xx xx 100 601 O/6020 
TT T T 

Cobalt x x 2,200 601 O/6020 

Copper 

Iron 

x x 1,400 6010/6020 

X 300 # 60 lo/6020 

Lead xx xx 4.0 7421/6020 
TT T T 

Magnesium 

Nickel 

X EN-BG 6010/6020 

x x 100 6010/6020 

II Zinc 1 1 1 X 1 X 1 11,000 1 6010/6020 

Mercury xx xx 2 7470 
TT T T 

k--p 
1.0 1.0 

1.0 
1.0 1.0 

1.9 1.0 

2.8 1 1.0 
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TABLE 1 -4a 
.-~ 

HUMAN DRINKING WATER USE REMEDIAL GOALS, 
SWMU-SPECIFIC CHEMICALS OF CONCERN, 

AND ACCEPTABLE REPORTING LIMITS 
NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Drinking Water Method of Analytical 
Parameter Cleanup Goal Analysis’ Reporting Limit 

Applicable To (Human Health (W) 

hll-i 
Only) 

MM A R 
(W) 

AB BE 

Selenium 

IGI I 

TT T T 180 601 O/6020 28 2.0 

Silver TT T T 180 601016020 1.4 1.0 

Manganese X 50# 6010/6020 1.2 1.0 

Thallium X 2## 7841/6020 2.0 1.0 

Vanadium X 260 H# 6010/6020 2.2 5.0 

Cyanide X 200 w 9010 10 10 

NOTES: MA = Mine Fill A, MB = Mine Fill B. ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a chemical of Conceem at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 

# = Secondary MCL (Federal guideline only; check with State to determine if State has an enforable 
level). 
iW = MCL. 
#I# = Region 9 PRG value. 
EN-BG = Essential nutrient; individual sample levels must be compared to unimpacted background 

levels at the site. 
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TABLE 1 -4a 
HUMAN DRINKING WATER USE REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Drinking Water Method of Analytical 
Parameter Cleanup Goal Analysis’ Reporting Limit 

Applicable To (Human Health Wl) 
Only) 

MM AR 
wm 

SWL Quanterra 
AB BE 

G 

Methyl isobutyl Methyl isobutyl ketone ketone 
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TABLE 1 -4a 
HUMAN DRINKING WATER USE REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Drinking Water Method of Analytical 
Parameter Cleanup Goal Analysis’ Reporting Limit 

Applicable To (Human Health wm 

I l.-iaGzl Only) 

MM A R 
(W) 

AB BE 
G 

I,1 Dichloroethylene X 7’ 8260 5 1 

I,2 Dichloroethylene X 70 ** 8260 10 1 

Trichloroethylene (TCE) X 5* 8260 5 1 

1 ,1,2,2 Tetrachloroethane 

11 1 .I Dichloroethane 810 ..* 8260 I 5 1 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye 
X = Parameter is a chemical of Conceem at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 

“=MCL 
l * = MCL for cis- isomer. 
*L = Region 9 PRG. 
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TABLE I- 4a ,- 
HUMAN DRINKING WATER USE REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Drinking Water Method of Analytical Reportin 
Parameter Cleanup Goal Analysis’ Limit 

Applicable To (Human Health (W) 
Only) 

MM A R 
Wl) 

SWL Quanten 
AB BE 

G 

11 SEMI-VOLATILE 
ORGANICS 

Phenanthrene X 1.0 8270 IO 10 

Fluoranthene X 1,500 8270 10 10 

II Pvrene I I I 1x1 180 I 8270 I II0 10 

Bis (2-ethylhexyl) 
phthalate 

di-n-butvl phthalate 

X 6' 8270 10 IO 

X 3,700*** 8270 10 10 

N-Nitrosodiphenylamine X 14"' 8270 10 10 

Benzo (b) fluoranthene X 0.2 ** 8270 10 IO 

4 - Nitrophenol X NA 8270 50 50 

II Benzo(a)anthracene I I I x I I 0.2 ** I 8270 I I10 IO 

Chtysene X 0.2 l * 8270 I 10 10 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye 
X = Parameter is a chemical of Conceem at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
I. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 

‘=MCL 
** = Use the MCL for benzo[a]pyrene as the surrogate value. 
** = Region 9 PRG. 
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TABLE I- 4a 
HUMAN DRINKING WATER USE REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Drinking Water Method of Analytical 
Parameter Cleanup Goal Analysis’ Reporting Limit 

Applicable To (Human Health Mlw 
Only) 

MM A R 
(W) 

SWL Quanterra 
AB BE 

G 

POLYCHLORINATED 
BIPHENYLS (PCBs) 

Arochlor 1242 X 0.0087 # 8081 1.0 1.0 

Arochlor 1254 X 0.0087 # 8081 2.0 1.0 

Arochlor 1260 X 0.0087 # 8081 2.0 1.0 

NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a chemical of Conceern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 

# = This is probably only a single analytical assay; you cannot analyze water soluable PCBs by 
assuming that the PCB pattern will be similar to the original commercial product. The MCL for PCB 
is 0.5 ugll. 
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TABLE I- 4a 
HUMAN DRINKING WATER USE REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

II II 

II Preliminary Exposure Scenarios and Land Use Options: 
II 

These values only address direct ingestion. 
No cummulative risk is calculated. 
Water values for rock washing using final rinse sample, does not reflect if certain rocks still have soil 
attached to them. 
Rocks may not be placed in stream beds or along shorelines. 
Rocks may not be placed in areas where leaching or erosion are not addressed. 
No site-specific risk assessment values are calculated. 
Leaching and ground water impacts at the disposal site are not addressed. 
Rock wash values not meeting these values must have rocks buried and mapped, instead of direct 
exposure on the ground. 
Uncontrolled use of rocks is not allowed without restrictions. 

II II 
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TABLE I- 4b 
ECOLOGICAL SURFACE WATER USE REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter 

:XPLOSIVES 

SWMU IM Cleanup Goal Method of Analytical Reportin! 
Parameter (Ecological Only) Analysis’ Limit 

Applicable To Wl) (W) 

MM A R SWL Quantem 
A6 0 E 

G 
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TABLE I- 4b 
ECOLOGICAL SURFACE WATER USE REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Cleanup Goal Method of Analytical Reporting 
Parameter (Ecological Only) Analysis’ Limit 

Applicable To w94 (u9N 

4-Amino 2,6 4-Amino 2,6 
Dinitrotoluene Dinitrotoluene 
(4Am DNT) (4Am DNT) 

MM A R MM A R SWL SWL Quanterra Quanterra 
AB BE AB BE 

G G 

xx xx xx xx No listing * No listing * 8330 8330 0.06 0.06 0.10 0.10 

24mino 4,6 
Dinitrotoluene 
(2-Am DNT) 

xx xx No listing * 8330 0.06 0.10 

2.4 DNT xx xx 230 + 8330 0.04 0.10 

2,6-DNT xx xx 42 + 8330 0.1 0.3 

2-nitrotoluene (2 NT) xx xx No listing l 8330 0.78 1.0 

3NT xx xx No listing l 8330 0.65 1.0 

4NT xx xx No listing l 8330 1 0.85 1 1.0 

II 
NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye. 

X = Parameter is a Chemical of Concern at the SWMU. 
1. Analytical methods listed above are SW-846 methods, unless otherwise noted. 

* = No listing available; the Navy must do a literature search or see if similar surrogates are available 
for justification for the goal for this parameter. 
+ = Interim Water Quality Criteria. 
++ = Lowest Chronic Criteria. 
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TABLE I- 4b 
ECOLOGICAL SURFACE WATER USE REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter 

METALS 

SWMU IM Cleanup Goal Method 6f Analytical Reporting 
Parameter (Ecological Only) Analysis’ Limit 

Applicable To WI) (W) 

MM A R SWL Quanterra 
AB BE 

G 

Barium 

Cadmium 

Cobalt 

Mercury xx xx 0.0069 7470 0.12 0.2 
TT T T 
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TABLE I- 4b 
ECOLOGICAL SURFACE WATER USE REMEDIAL GOALS, 

SWMUSPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter 

Selenium 

Silver 

Manganese Ix1 I 1 6010/6020 1 1.2 1 1.0 
- 

Thallium X Qa 6010/6020 46 1.0 

X No Listinq l 6010/6020 2.2 5.0 

SWMU IM Cleanup Goal Method of Analytical Reporting 
Parameter (Ecological Only) Analysis’ Limit 

Applicable To Wl) Wl) 

M 
A 

= 

T 
- 

T 
- 

TT-i M A R 
B BE 

T T T 5.0 7740/6020 4.0 2.0 

T T T 0.06 601 O/6020 1.4 1.0 

NOTES: MA = Mine Fill A, MB = Mine Fill B. ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-646 methods, unless otherwise noted. 

l = No listing available; the Navy must do a literature search or see if similar surrogates are available 
for justification for the goal for this parameter. 
+ = Interim Water Quality Criteria. 
++ = Lowest Chronic Criteria. 
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TABLE I- 4b 
ECOLOGICAL SURFACE WATER USE REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Cleanup Goal 
Parameter (Ecological Only) 

Applicable To Wl) 

MM A R 
AB BE 

G 

Method of Analytical 
Analysis’ Reporting Limit 

(W) 

ll- 

SWL Quanterra 

VOLATILE ORGANICS 

Dichloromethane xx x 45 8260 5 1 
(methylene chloride) 

Acetone xx x 122,000 8260 5 5 

Methyl ethyl ketone .xx x 26,000 8260 5 5 
(2 - butanone) TT T 

Methyl isobutyl ketone X X 3,680 8260 5 5 
(4 - methyl -2- 
pentanone) 

Toluene lxlx I I I 253 I 8260 I 51 1 

Xylene (total) x x X 117.0 8260 5 1 

Trans I,3 X 7.9 ++ 8260 5 1 
didhloropropene 

1 ,I ,I Trichloroethane x x 88 8260 5 1 

1 ,1.2 Trichloroethane x x 650 8260 5 1 
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TABLE I- 4b 
ECOLOGICAL SURFACE WATER USE REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Cleanup Goal Method of Analytical 
Parameter (Ecological Only) Analysis’ Reporting Limit 

Applicable To Wl) (WW 

Ii I I I I 

MM A R MM A R SWL SWL Quanterri Quanterri 
AB BE AB BE 

G G 

I,1 I,1 Dichloroethylene Dichloroethylene X X It3 It3 8260 8260 5 5 1 1 

I,2 I,2 Dichloroethylene Dichloroethylene X X 3lQ 3lQ 8260 8260 10 10 1 1 

Trichloroethylene (TCE) Trichloroethylene (TCE) X 8260 5 1 

1 ,I ,2,2 Tetrachloroethane X 6260 5 1 
T 

Vinyl Chloride X 92 8260 5 1 
T 

Chloroethane X 230.000 8260 5 1 

Chloroform T X 8260 5 1 
T 

Tetrachloroethylene X 8.2 8260 5 1 

I,2 Dichloroethane T 8260 5 1 

I,1 Dichloroethane T No Listing l 8260 I 5 1 

NOTES: MA = Mine Fill A, MB = Mine Fill B. ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization, 
1. Analytical methods listed above are SW-646 methods, unless otherwise noted. 

* = No listing available; the Navy must do a literature search or see if similar surrogates are 
available for justification for the goal for this parameter. 
+ = Interim Water Quality Criteria. 
++ = Lowest Chronic Criteria. 
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TABLE I- 4b 
ECOLOGICAL SURFACE WATER USE REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Cleanup Goal Method of 
Parameter (Ecological Only) Analysis’ 

Applicable To (434 

MMAR 
AB BE 

G 

Analytical Reporting 
Limit 

(W) 

=-T= 
SEMI-VOLATILE 

1 ORGANICS 

Phenanthrene X 2.1 8270 I 10 10 

II Fluoranthene I I I 1x1 8.9 I 8270 I 110 10 

Pyrene 

Bis (2-ethylhexyl) 
phthalate 

di-n-butyl phthalate 

N-Nitrosodiphenylamine 

Benzo (b) fluoranthene 

X 0.3 + 8270 10 10 

X 8A 8270 10 10 

X ix!2 8270 10 10 

X I3 8270 10 10 

X g&,$ +++ 8270 10 10 

4 - Nitrophenol X 35 8270 50 50 

Benzo (a) anthracene X J.&g +++ 8270 10 10 

Chrysene X ~ +++ 8270 I 10 10 

I 

NOTES: MA = Mine Fill A, MB = Mine Fill 6, ABG = Ammunition Burning Ground, and RE = Rockeye. 
X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-846 methods, unless otherwise noted. 

* = No listing available; the Navy must do a literature search or see if similar surrogates are 
available for justification for the goal for this parameter. 
+ = Interim Water Quality Criteria. 
++ = Lowest Chronic Criteria. 

+++ = p-. 
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TABLE 1 - 4b 
ECOLOGICAL SURFACE WATER USE REMEDIAL GOALS, 

SWMU-SPECIFIC CHEMICALS OF CONCERN, 
AND ACCEPTABLE REPORTING LIMITS 

NAVAL SURFACE WARFARE CENTER - CRANE 

Parameter SWMU IM Cleanup Goal Method of Analytical 
Parameter (Ecological Only) .Analysis’ Reporting Limit 

Applicable To (WW wu 

MM A R SWL Quanterra 
AB BE 

G 

POLYCHLORINATED 

II Arochlor 1242 No listing- 1 8081 1 1.0 I 1.0 

II Arochlor 1254 11x1 I I No listing *# 8081 I 1.0 I 1.0 

Arochlor 1260 X No listing 1# 8081 1.0 1.0 

I 
NOTES: MA = Mine Fill A, MB = Mine Fill B, ABG = Ammunition Burning Ground, and RE = Rockeye 

X = Parameter is a Chemical of Concern at the SWMU. 
T = Parameter is a TCLP parameter for waste characterization. 
1. Analytical methods listed above are SW-846 methods, unless otherwise noted. 

* = No listing available; the Navy must do a literature search or see if similar surrogates are 
available for justification for the goal for this parameter. 
+ = Interim Water Quality Criteria. 
++ = Lowest Chronic Criteria. 

# = PCB (CAS # 1336-36-3) value 0.000029 ugll. 

,- 
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TABLE I- 4b 

ECOLOGICAL SURFACE WATER USE REMEDIAL GOALS, 
SWMU-SPECIFIC CHEMICALS OF CONCERN, 

AND ACCEPTABLE REPORTING LIMITS 
NAVAL SURFACE WARFARE CENTER - CRANE 

I Preliminary Exposure and Land Use Options: 

These values only address direct ingestion in animals. 
No cummulative risk is calculated. 
No site-specific risk assessment values are calculated. 
Leaching and ground water impacts at the disposal site are not addressed. 
Uncontrolled use of washed rocks is not allowed without restrictions. 
Washed rocks may not be placed in or along surface water bodies. 
Washed rocks may not be placed in erosion areas leading to surface water bodies 
Vegetation exposure is not addressed. 

NSWC Crane 
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TABLE I-5 
DISCHARGE LIMITS FOR POND WATER WITHOUT PRETREATMENT 

Parameter Method of Discharge To Discharge To Acceptable Reporting 
Analysis’ WWTP Acceptance’ Surface Limit (*mg/L) 

Level (Ibslday) Acceptance 
Level 

(NPDES 
monthly limit 

SWL Quantem 

- mg/L) 

3piosives 

‘NT 8330 HMX+RDX+TNT = 
0.17 Ibs/day Max. 
HMX+RDX+TNT = 

2.0 mgll Max. 

640.0064 .0.0001 
(High Level 

Method) 
932 

0.00012(L0w 
Level Method) 

:DX 8330 as above 4-479 0.0008 
O.O014(High 

Level Method) 
&84 

0.00084(L0w 
Level Method) 

IMX 8330 as above a9 
O.O013(High 

Level Method) 
4+0.001(L0w 
Level Method) 

0.001 

litrates 300.0 90 Max. +9991 0.05 

Mher paidmeters 

;OD EPA 405.1 4.6 10 AveIl 5 w5 5 
Max 

:OD EPA 410.4 IO AveIl 
Max 

49799910 IO 

‘SS EPA 160.2 4.6 IO A~/15 w99910 5 
Max 

.mmonia-N EPA 350.2 0.9 3 Ave/ 6 Max -1 0.10 
flay 1 to Nov. 30) 

.mmonia-N EPA 350.2 1.8 3 AveI6 Max -1 0.10 
Iec. 1 to Apr. 30) 

1 

a 
j. 
1 

1 



TABLE I-5 (Continued) 
DISCHARGE LIMITS FOR POND WATER WITHOUT PRETREATMENT 

Notes: 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated. 
> _. Based on NSWC Crane Memorandum dated September 26. 1997 “Current Waste Water Dumping 

Guidelines” NSWC Crane Code 0957 to Code 09511 (NSWC Crane, 1997a) 

l/a: not applicable 
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benzo(b)fluoranthene. 

Dioxins: 2,3,7,8-TCDD Equivalents 

The constituents of concern for Rockeye (SVVMU-10115) are listed below. They are 
derived from the RFI Phase Ill Soils Report for Rockeye [ACOE, 19921. 

Explosives: PETN; TNT; RDX; HMX; Tetryl; TNB; 1,bDNB; NB; 4-Am-DNT; 2-. 
Am-DNT; 2,4-DNT; 2,6-DNT; 2-NT; 3-NT; and 4-NT. 

Note: 2,4 DNT and NB will also be evaluated for waste characterization of 
toxicity characteristic. 

Metals: Aluminum; antimony; arsenic; barium; beryllium; cadmium; chromium 
(total); cobalt; copper; iron; lead; magnesium; nickel; mercury; and zinc. 

.- . 

Note: The following list of metals wiltbe evaluated for waste characterization of 
Toxicity Characteristic (TC): Arsenic, Barium, Cadmium, Chromium, Lead, 
Mercury, Selenium, and Silver. 

VOCs: trans-1,3,dichloropropene; xylene (total); 1 ,I ,I-trichloroethane; 1 ,I ,2- 
trichloroethane. 

Note: The following list of VOCs will be evaluated for waste characterization of 
Toxicity Characteristic (TC): Methyl Ethyl Ketone (MEK), Chloroform, I,2 
Dichloroethane, and 1 ,I Dichloroethane. 

SVOCs: Phenanthrene; Ruoranthene; and pyrene. 

1.4.2.2 Remedial Goals 

Human health (residential and industrial) and ecological risk-based remedial goals have 
been established using preliminary remedial goals and data quality levels by U.S. EPA 
Region 5 (U.S. EPA, 1998). Cumulative risk, other risk scenarios, and toxicity testing 
results are not considered in the U.S. EPA evaluation. These remedial goals are 
presented in Tables l-l through l-3. The analytical methods and analytical reporting 
limits are also shown in these Tables. Method reporting limits for each of the target 
constituents are provided by Southwest Laboratory of Oklahoma and Quanterra 
Environmental Services and have been evaluated by Morrison Knudsen Corporation 
(MK) for acceptability for data quality. 

_ Tables 1-4a and 1-4b provides the cleanup goals for rinse water generated after 
washing the rocks at the excavation site. If the rinse water meets these cleanup levels 
or non-detect levels the rocks are determined to be acceptable for use as backfill 
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material; or the rocks may be triple rinsed, crushed, and sent to the Bioremediation 
Facility for composting. 

Table l-5 provides the allowable discharge limits without pretreatment, analytical 
methods, and analytical reporting limits for water generated in the storm-water retention 
ponds at the Bioremediation Facility. 

1.4.2.3 Performance Goals 

The performance goal will be to provide data to evaluate the biological treatment 
efficiency based on the CERClA remediation criteria for innovative treatment 
technologies, The NCP preamble indicates 90% to 99% reduction of toxicity and 
mobility (leachability) as a guide for effective treatment. Previous studies have 
indicated that reductions in parent compounds and first series intermediate compounds 
were providing parallel reductions in toxicity and leachability based on combined 
chemical, toxicology and leachability data (US. EPA, 1996b). Therefore, a 90% to 99% 
reduction in concentrations of contaminant compounds corresponds to a 90% to 99% 
reduction in toxicity and leachability and meets the NCP treatment performance 
guideline for composting of TNT, RDX and HMX. 

:- Figures 1-2 and l-3 of the Full-Scale Operations Plan (MK, 1998b) provide flowcharts 
describing the process flow path for decision-making of the excavation,site soil and the 
treated soil respectively. Similarly, Figure l-4 of the Full-Scale Operations Plan (MK, 
1998b) provides a flowchart describing the process flow path for decision-making of 
decontamination of rocks. 

Toxicity tests of the treated soil will be performed, as specified in Appendix G of this 
QAPP, at a later date to determine if treated soil meeting the remedial goals listed in 
Tables l-l (residential levels); l-2 (industrial levels); or l-3 (ecological levels) can be 
used as soil amendment for revegetation at the excavation sites or other NSWC Crane 
EPD-approved areas. 

1.4.3 Process Monitoring Tasks 

During full-scale operation process parameters will be measured in the field to evaluate 
the effectiveness of the compost process. The individual field measurement data 
collection tasks are summarized in Table l-9 and described below. 
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TABLE 3-1 
QA OBJECTIVES FOR 

PRECISION, ACCURACY AND COMPLETENESS 
VOLATILE ORGANICS (Method 8260) 

J&as: MSlMSD = matrix spike/ matrix spike duplicate; RPD = relative percent difference. 
Water refers to the analysis of storm water. retention pond water, rock wash water. and various blanks. 

1 3 
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Data Quality 
Parameter 

TABLE 3-2 
QA OBJECTIVES FOR 

PRECISION, ACCURACY AND COMPLETENESS 
EXPLOSIVES (Method 8330) 

Matrix Method of Frequency QC Limits 
Determination 

SWL Quantem 

samples (one per w 65 - 135% 
analytical batch) 4+Recovery = 

16160 % 

Soil, Compost Surrogate All samples and 683485ba4iRg Recovery= 
standards 6+ 40 - 135% 

BPWRecovely 
= 19137 % 

Soil, Compost Laboratory Control 
Sample/Duplicate 

One per 20 Recovery = 
samples (one per S+a+S2- 65 - 135% 
analytical batch) &Recovery = 

19137% 

Soil, Compost Laboratory MSIMSD one per 20 Recovery = 
samples (one per w 66 - 135% 
analytical batch) Recovery = 19 

137 % 

ompleteness Water, Soil, 
Compost 

Valid Samples All Samples 90 pefesnt% 90% 

otes: MSIMSD = matrix spike/ matrix spike duplicate; RPD = relative percent difference. 
Water refers to the analysis of storm water, retention pond water, rock wash water, and various blanks. 
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Section 3, Page 8 of 14 
/ 

TABLE 3-3 
QA OBJECTIVES FOR 

PRECISION, ACCURACY AND COMPLETENESS 
METALS (Method 6010) 

Laboratory MS and 

dotes: 
dS/MSD = matrix spike/ matrix spike duplicate; RPD = relative percent difference. 

Water refers to the analysis of storm water, retention pond water, rock wash water, and various 
blanks. 

1 
3 a 6 
= 
= 
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TABLE 34 
GA OBJECTIVES FOR 

PRECISION, ACCURACY AND COMPLETENESS 
SEMIVOLATILE ORGANICS (Method 8270) - 

I 
- 
I I DC Limits Data Quality 

Parameter 
Method of Frequency 

One per 20 samples 
(one per analytical 
batch) 

One per 20 samples 
(one per analytical 
batch) 

One per 20 samples 
(one per analytical 
batch) 

One per 20 samples 
(one per analytical 
batch) 

All samples and 
standards 

One per 20 samples 
(one per analytical 
batch) 

One per 20 samples 
(one per analytical 
batch) 

All samples and 
standards 

One per 20 samples 
(one per analytical 
batch) 

One per 20 samples 
(one per analytical 
batch) 

All Samples 

Water Laboratory MSIMSD 

Water Laboratory Control 
SampleiDupliwte 

8WL Quantem 

RPD f 
0 - 30% 

Laboratory MSIMSD 

RPD = 
O-30% 

Soil, 
Compost &?RPD j O-40% 

Laboratory Control 
Sample/Duplicate 

ss9Rewvery = 
lo-141 % 

Soil , 
Compost 

Water ,ccuracy Surrogate 

/- 
Laboratory Control 
SamplelDuplicate 

Recovery = 
10 - 150% 

Water 

Water 

X?gRecovety = 
m-135% 

2iSRecowy = 
lo-135% 

Recovery = 
IO- 150% 

Laboratory MSIMSD 

Surrogate Soil, 
compost 

Soil, 
Compost 

Soil, 
Compost 

v Rewveiy = 
- ’ 18 - 137% 
r?r!gRewvery= 
la137% 

X!ZRewvety = 
34-115% 

Recovery = 
IO-150% 

222Recovely = 
34115% 

Recovery = 
10 - 150% 

Laboratory Control 
SampleiDuplicate 

Laboratory MSiMSD 

Water, 
Soil, 
Comwst 

Valid Samples DO-% 

otes: MSIMSD = matrix spike/ matrix spike duplicate; RPD = relative percent difference. 
Water refers to the analysis of storm water, retention pond water, rock wash water, and various blanks. 
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Section 3, Page 10 of 14 

TABLE 3-5 
QA OBJECTIVES FOR 

PRECISION, ACCURACY AND COMPLETENESS 
PCBs (Method 8081,8082 ) 

Sample/Duplicate 
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Section 3, Page 11 of 14 

TABLE 3-5 (continued) 
QA OBJECTIVES FOR 

PRECISION, ACCURACY AND COMPLETENESS 
PCBs (Method 8081,8082 ) 

Data Quality Matrix Method of Frequency QC Limits 
Parameter Determination SWL Quanterra 

Completeness Water, Valid Samples All Samples 90 fseeefeh 90 % 
Soil, 
Compost 

Notes: MS/MSD = matrix spike/ matrix spike duplicate; RPD = relative percent difference. 
Water refers to the analysis of storm water, retention pond water, rock wash water, and various 



TABLE 3-6 
QA OBJECTIVES FOR 

PRECISION. ACCURACY AND COMPLETENESS 
‘DIOXINS (Method 62901 

NSWC Crane 
Full-Scale Biofacility Operations 

Quality Assurance Project Plan 
Revision 3, 1 O/05/98 

Section 3, Page 12 of 14 

piiii%g 
Precision 

L 

I 

Matrix 

Soil-, Compost 

Soil, Compost 

Water, Soil 

- 
I Method of I Frequency 

Determination 1 
I 

Laboratory One per 20 
Control samples (one per 
Sample/Duplicate analytical batch) 

Laboratory 
Control 
Sample/Duplicate 

Laboratory 
Control 
Sample/Duplicate 

One per 20 
samples (one per 
analytical batch) 

One per 20 
samples (one per 
analytical batch) 

Laboratory One per 20 
Control samples (one per 
Sample/Duplicate analytical batch) 

I 

Valid Samples All Samples 

- 
I QC Limits 

SWL 

O-80 % 

O-80 % 

489Recovery = 24- 
140 % 

489Recovety = 40- 
135% 

90 pefe&% 

Notes: Water refers to the analysis of storm water, retention pond water, rock wash water, and various 
blanks. 
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TABLE 3-7 
CIA OBJECTIVES FOR 

PRECISION, ACCURACY AND COMPLETENESS 
MISCELLANEOUS PARAMETERS 

Quanterra SAC-WC-0105 I Section 9 cx-566 

WTENote:+SOPs are laboratory confidential.- SOPS are Is8era(eqeeeRfleleR( 
provided by Southwest Laboratories (Broken Arrow, 
Oklahoma) and Quanterra Environmental Services 
(Sacramento, California). 

,- 
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Quality Assurance Project Plan 
Revision 3, 10105/98 
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TABLE 6-1 
CALIBRATION CRITERIA - LABORATORY METHODS 

Dioxins 

Oil and grease 

Nitrates 

Ammonia-N 

ES, COD, BOD 

Quanterra 

SWL 

SWL 

Quanterra 

SWL 

Quanterra 

Quanterra 

CORP-GC-0001 

SWL-OD-205 

SWL-OG-105 

LM-CRL-1026 

SWL-IN-030B 

SAC-WC-0036 

SAC-WC-0105 

Section 10 

Section 8.8 

Section 7.2 

NA 

Section 8.0 

Section 10 

Section IO 

(none required) 

cx-504 

C2-160 

C2-332 

NA 

C2-324 

CX-581 

C%-568 

,- 



NSWC Crane 
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Revision 3. 10/05/98 

Section 7, Page 3 of 3 

Parameters’ 

TABLE 7-1 
SUMMARY OF SOPS 

SOP$Hbe? SOP Numba? 
Quanterra 

SOIL 

Analytical Method 

Exolosives SWL-OL-zoo SAC-LC-0001 8330 

I SWL-ov-303 I CORP-MS-0002 8260 

II MStSlS 

I 

SWL-IN-205 

I 

CORP-MT-0001 6010 
SAC-MT-0001 6020 

CORP-MT-0003 7000 series 

Mercuw I SWL-IN-207 1 CORP-MT-0005SAC 1 7471 

I SWL-OS-500 I CORP-MS-0001 8270 

PCBS 

Dioxinr 

TCLP-Metals 

TCLP-VOCs 

SWL-OP-412 

SWL-OD-205 

SWL-IN-700 

SWL-ov-309 

CORP-GC-0001 

NA 

NA 

NA 

w&l%082 

M290 

1311/6010 

131 l/8260 

II-~~ WATER 

Explosives 

vocs 

Metsls 

SWL-OL-200 

SM.-ov-303 

SWL-IN-205 

SAC-LC-0001 8330 

CORP-MS-0002 8260 

CORP-MT-0001 6010 
SAC-MT-0001 6020 

CORP-MT-0003 7000 series 

Total Cyanide 

TSS 

COD 

S-day BOD 

Oil and Grease 

SWL-IN-307 

w/L-IN-600 

SWL-IN-603 

SWL-IN-415 

SWL-OG-105 

LM-CAL-1034 9010 

CORP-WC-0002~SAC EPA 160.2 

LM-CAL-1019 EPA 410.2 

CURTIS-WElIBOD.SOP EPA 405.1 

LM-CRL-1026 EPA 413.1 

II Nitrates I SWL-IN-030B I SAC-WC-0036 EPA 300.0 

II Ammonia-N I SM.-IN-020 I SAC-WC-01 05 EPA 350.2 

Notes: 
1. For a complete listing of individual compounds refer to Section 1.4.2.1 and Tables l-1, l-2, l-3. I&. 

and l-lb. 
2. SOPS are laboratory confidential. SOPS are provided by Southwest Laboratories (Broken Arrow, 

Oklshnma~ and Ow~ntarra Environmental Services (Sacramenta. California) 
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LOCATION OF REPORTING LIMITS FOR ANALYTICAL METHODS 
FOR QUANTERRA ENVIRONMENTAL SERVICES 

Parameter SOP Number LIQUID REPORTING SOLID REPORTING LIMITS 
LIMITS 

vocs CORP-MS-0002 Table Al, page C4-57 Table Al, page C4-57 

Explosives 

Metals by ICP 

SAC-LC0001 

CORP-MT-0001 

Table 1, page C4-136b 

Table 1, page C4-166 

Table 1, page C4-136b 

Table 1, page IX-166 

Metals by ICPIMS 

Metals by GFAA 

SAC-MT-0001 

CORP-MT-0003 SAC 

Appendix A, 
page C4-206 

Table 1, page C4-316 

Appendix A, 
page C4-206 

Table I, page C4-316 

II Mercury I CORP-MT-0007 1 Table 1, page C4-273 I Table I, page C4-273 II 
Total Cyanide 

svocs 

LM-CAL-1034 

CORP-MS-0001 

Sectionl, page C4-606 

Table 1, page C4-472 

Section1 , page C4-606 

Table 1, page C4-472 

II PCBS I CORP-GC-0001 1 Table C-l, page c4-552 I Table C-l, page C4-552 II 

Oil and grease LM-CRL-1026 Sectionl, page C4-692 Sectionl, page C4-692 

Nitrates 

Ammonia 

I SAC-WC-0636 Section 1, page C4-574 NA 

SAC-WC-0106 Section 1, page C4-562 NA 

~ TSS 

COD 

BOD 

CORP-WC-OO02-SAC Section 93, NA 
page C4419 

LM-CAL-1019 Section 1, page C4-426 NA 

CURTIS-WET Sectionl, page C4432 NA 
\BOD.SOP 
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SECTION 3 
PREVENTIVE MAINTENANCE FOR 

QUANTERRA ENVIRONMENTAL SERVICES 



- ~. 

,-- 

Functional Guidelines for Evaluating 

Inorganic analyses”, or modifications thereof 

for non-CLP type analyses. 

This form of data validation provides an 

impartial evaluation of the laboratory’s results. 

It is usually performed by a thiid party, one 

which was not involved with the sample 

analysis. Qualifiers are assigned to data, when 

required, according to the requirements of the 

data validation protocol being used. 

8.11 Preventive Maintenance and 
Service 

Facilities, insuuments, equipment, and pm 

are subject to wear, deterioration, or change in 

operational characteristics. Within Quanterra@, 

preventive maintenance, coupled with vendor 

service agreements, is an or&zed program 

of actions taken to maintain facilities and 

equipment. 

8.11.1 AnalyticalInstrumentation and 
Equipment 

The primary purpose of the maintenance 

propram is to prevent instrument and 

equipment failure and to minimize down time. 

A properly implemented maintenance program 

increases the reliability of a measurement 

system. 

At each laboratory each instrument or piece of 

equipment shall be uniquely identified. Each 

operating unit shall maintain the following: 

. Insaumentiequipment inventory list 

. Insuument’equipment major spare pam 
list or inventory 

. Exremal service agreement documents (if 
applicable) 

. Instrument-specific preventive 
maintenance logbook or file for each 
functional unit. 

(, 

The record of maintenance shall inciude at a 

minimum: 

,_- 
. Actions taken, including parts replaced ~i&,~ 

. Analyst initials and the date maintenance 
was performed whether by the analyst or a 
contracted service representative. 

Quanterra@ documents and describes in detail 

insrmment and equipment preventive 

maintenance procedures and requirements in 

operation-specific SOPS. 

8.112 Facilities 

Another important aspect of the laboratory 

operation is the existence and maintenance of 

adequate, safe, and clean facilities including 

appropriate engineering controls such as 

proper ventilation, lighting, dust control, 

hoods, air flow, protection from extreme 



temperatures, waste disposal, and a source of 

stable power. 

The maintenance and use of these facilities and 

proper operations are described in the 

Quariterra~ Chemical Hygiene Plan (CHP). 

The Laboratory Manager, through a facilities 

maintenance staff has responsibility for 

ensuring a properly maintained facility. The 

Laboratory Manager also has the responsibility 

for ensuring that samples are stored properly 

without contamination, work areas are 

equipped with adequate bench, hood and 

operational space, and the areas are free from 

chemical and radiological contamination that 

may affect analytical results. 

8.11.3 Frequency of Maintenance 

The frequency of maintenance must consider 

manufacturer’s recommendations and previous 

experience. Schedules of preventive 

maintenance along with the recommended 

frequency are given in Tables 8.11-1 through 

8.11-27 for analytical instrumentation and 

equipment. Frequency of maintenance for the 

facility systems is documented in the 

Quanterra@ CHP. 

8.12 Other Requirements 

8.72.7 Water 

High purity water (i.e., ASTM reagent grade 

or equivalent water) will be used in ail metals, 

radiological, wet chemisuy, and organic 

analyses. Proof of contaminant-free water is 

shown through the use of the reagent waters as 

method blanks which are analyzed on a daily 

basis for the analyte of interest. This water is 

obtained by the use of neither a commercial 

ion-exchange deionizing, distillation, or 

reverse osmosis unit plus an appropriate 

polishing unit The resulting water has a 

maximum conductivity of 1.0 umho-cm at 

25°C or a minimum resistivity of I .O ~Mohrn at 

25°C. Conductivity and/or resistivity will be 

monitored and documented daily or on each 

day that water is dispensed for analytical use. -~~ 

For volatile analyses the water may be further 

purified by purging with an inert gas before 

use to remove potential traces of organic 

solvents. 

Water monitoring procedures used by 

Quartterra” operating units are detailed ‘in 

operation-specific SOPS. 

8.12.2 Compressed Air and Gases 

Ultra high-purity compressed gases from 

preapproved vendors or in-house gas 

generaton will be used when required for 

instrumentation. These air and gases must 

meet the requirements and specifications of the 

analytical methods performed. Mine filten- - 



TABLE 8.11-l 
Instrument 1Maintenance Schedule 

Ion Chromatograph(‘) 

power problems OCCUT. 

For calibration 

TABLE 8.11-2 
Instrument Maintenance Schedule 

LACEIAT Auto Analyzer(*) 

and make sure there 

bles in detector 

rollers with steel 

c3- 3 



TABLE 8.11-3 
Instrument Maintenance Schedule 
Total Organic Halide Analpzer(” 

,-heck elccuodes for damaee. polish thy _--------. , -.-. 

Empty dehydrator tube I 
Perform cell performance check. ( Replace o-rings and seals. 

TABLE 8.11-4 
Instrument Maintenance Schedule 

High Pressure Liquid Chrotiatograph(‘) 

Daily As Needed 

Check level of solution in reservoti. If adding, verify Replace columns when peak shape and r~olution 

that solvent is from the same source. If Changing. indicate that chromatogmpbic pcrfo-c: of column 
rinse gas and delivery lines to prevent contamination is below method requirements. 

Backflush column 

7 



TABLE 8.11-5 
Instrument Maintenance Schedule 

Flame Atomic Absorption Spectroscopg(” 

TABLE 8.11-6 
Instrument Maintenance Schedule 

Inductively Coupled Argon Plasma/Mass Spectrometry (ICAPfiVIS)(‘) 

waste container 

Dtiily 

level. 

Check sample 
Pump: proper mlla 
pressure. sample 

Weekly 

bmoduction tubing, 

1 Check p&tic 

correct pump rotation, 
condition of drain 
tubing. 

1 
Check quanz Check condition of 
torch condition. sampler and skimmer 

chamber and 
ncbulizer. 
Check oil level 
of mughing 
Pumps. 

k10oth& 

Clan all 
filters and 
fans. 

Check 
recimlhtor 
water level. 

QUll-td~ 
kplacc oil 
in roughiag 
,Ullp. 

Tzziy 
kplacc oil 
n mrbo- 
IlOlCCllllU 

,UIlp. 

As Needed 

Check electronic 
scltings for 
optimum 
sensitivity: 
resolution mass 
calibration, ion 
optics, CEM. 
deflector voltage. 



Daily 
Check that argon tank 
pressure is 50-60 psi 
andtbatatiarcmkis 
available. ' 
Check vacuum pump 
gage. (cl0 miilitom) 

Check that cooling 
warn supply system is 
Foil and drain bottle is 
mot full. Also that dr-k 
tubing is clear, tight 
king and has few 
xmis. 
:hcck that neboiizcr is 
3ot clogged. 

Zhcck that capillary 
ubing is clean and in 
good condition 
Zhcck flut paimltic 
mmp windings arc 
;ccwc. 
:heck thaf high voltage 
witch is on. 
Zhhcck that exhaust 
;crcas are clean. 
:heck rhar torch, 
$i3smre. aaos01 
njector robe, bonnet 
UC clean 

Pqe 178 of 188 

TABLE 8.11-7 
Instrument Maintenance Scliedule 

h Needed 
Clean pkism torch 
assembly to remove 
accumulated deposits. 

Clean ncbuiizcr and 
drain chambn, keep 
fIct-flowing 10 maintait 
opdmum pafomlamce. 

Clean films on back of 
power unit to remove 
dust. 

Replace when needed: 
paistaltic pump tubing 
sample capillary tubing 
autosampler sipper 
probe 
Check yhium position 

ICP”’ 

Semi-annuslly 
change “acomn PunlJ 
oil. 

Replace coolant wata 
film. (may require 
more or less 
frequently dcpmding 
on the qualily of 
wm) 

AJJnuauy 
Notify mmmfa- service 
enginea for scheduled 
prcvcndvc maintmance sewic: 



.- 

.- 

TABLE 8.11-S 
Instrument Maintenance Schedule 

Graphite Furnace .Uomic Absorption(‘) 

I 1Moothly 
Check coolant level in 
coolme unit. Xdd 

containen: empty as needed. 
Check acid rinse conrainaS; fill Zi 

TABLE 8.11-9 
Instrument Maintenance Schedule 

Cold Vapor Atomic Absorption (Leeman PS 200)(l) 

Check/change Hg lamp 
Clean optical cell 
Lubricate pump 

TABLE 8.11-10 
Instrument Maintenance Schedule 

Cold Vapor Atomic Absorption (PE 5000)(‘) 

,YY.I.  “~ . . - . - . D  . . - .  - -  . . - - - - .  

place ifneeded. 
, mrthmol. 

tube. 

PlY. 

c3-7 



Check for sufGciem supply of 
carrier and detector gases. Check 
for correct column flow and/or 
inlet prwures. 

Check tcmpatures of injectors 
and detectors. Vex-@ tempetanue 
Pgrams. 

Check inlets. septa. 

Check reactor tcmperamre of 
:lecuolydc conducdvity detector. 

,... 
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TABLE 8.11-11 
Instrument ~Maintenance Schedule 

Gas Chromatograph”) 

As Needed 
RcLllact tint porddn of cobmm 
pa&g or b&k off fmm ponion 
of capiil~ columns. Replace 
colmnn if this fGls to rc!xore 
colmtm pafonoance or what 
caluM pafm-mattce (e.g. pwk 
tailing, poor resolution high 
backgwmds, etc.) indicates it is 
required. 
Change glass wool plug in injccdor 
port and/or replace injection port 
liner when front portion of column 
packing is changed or front pot’ion 
of capillq column is rcmowd. 
Replace septum (approximately 
every 100 injections). 
Perform gas purity check (iibigh 
bateline indicates tbat impore 
carrier gas may be in use). 
Replace or repair flow conuollcr if 
constant gas flow cannot be 

Semi-amwIly ECD: perform wipe 
kst. 

QmtaUy ELCD: change finishing 
I resin. clean 8olvmt lilt& 

Replace fuse. 
Reactivate external carrier gas 

Detectors: clean when baseline .~ 
indicates contamhmtion or when 
mponsc is low. 
FID: clean/replace jc~~rcplacc .:-‘I ~. 
igniter. 

_ ,.. .~;: 
.-.~ _ 

WD: clean/replace collecror 
isscmbly. 
?ID: clean lamp window, replace 
idS. 

ZLCD: check sohmt flow weekly, 
:hangc reaction mbc, replace 
;olvcnt, change reaction gar;, 
:ldrcplacc Tct-lo@J..tI+r liine. 
XD: follow m&ofacmrers 
;u&&tcd mamtenance schedule.. -: 
kmivate flow contmlla filter 
h-yes when presence of moisture is 
wpectcd. 

C3’ 8 
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TABLE 8.11-11 
Maintenance Schedule 
Gas Chromatograph(‘) 

of waste bottle cotttents. 
Purge & trap devices: periodic 
leak checks, replace/condition 
naps (whm poor raponsc or 
disappcuance of rsCtivc or 
poorly napped compomdr;). 
clan sunpIe liies. valves (if 
they become cotttiunbtated), 
dean glassware. 
Purge & nap autosxinplas: leak 
check systm~, clevl sample lines. 
valves. PTA-30 autosamplcr also 
rquiPs clwning lhc syriqcs, 
riic;, valves, and probe needles, 
adjusuncnt of micro switch-, 
rdaccment of Teflon@ valve, 
and lubricxion of components. 



- 
Daily 

Check for suB.=~cicnt gas 
supply. Check for 
correct cohnm flow 
and/or inlet pressure. 

Check tcrnpaaturcs of 
injector. detector. 
veify temperature 
PWF==. 

check inlets, septa. 

Zhcck baseline level. 

3heck values of lens 
/ohages, electron 
nultipiier, and relative 
tbundance and mass 
Lssignmmts of the 
zaxbtation compolmds. 

TABLE 8.11-12 
Instrument Maintenance Schedule 

Mass Spectrometer”’ 

As Needed’-’ 
Check level of oil in 
mcchardcal pumps and 
dimlsion pump if vacuuu 
is iomfiicient. Add oil if 
needed between service 
C0llttact maintmance. 
Rcplacc electron 
multiplier when the 
tuning voltage 
approaches tile lrtaimutn 
ador when sensitivity 
falls below rqired 
levels. 
Clean source, ittcbJdin~ 
all caamia and kllses-- 
the source chting is 
indicated by a variety of 
symptotns hdtding 
inability of the analyst to 
ttme the insallmmt to 
specifications, poor 
response, and high 
background 
cotttamhlation. 
Repair/replace jet 
separator. 
Replace filaments when 
both fdammts bum out or 
paformance indicates 
need for replacement. 

umlimical rough ptltq 
mlblicate the 
nrbomolecdar pump 
mrittgwick 

Annually 
Replace the exhaust tilterr 
on the mahaaical tough 
pomp every 1-2 years. 



TABLE 8.11-13 
Instrument NIaintenance Schedule 

TRAACS 800 Auto Analyzer (‘) 

pmgrcssive loss of air 
pressorc is obsavcd 

TABLE 8.11-14 
Instrument Maintenance Schedule 

Sonicator (I) 

Daily As Needed 

Daily when used: 
taspcct pmbe tips for inconsiaenciu (etcbin$@ti&). 

Replace probe tip. 

Disassemble and clean sonicafor pmbe rips. 
Tune sonicator Ysembly. 

- ..~. ~. 
~‘~‘- TABLE 8.11-15 ‘“- .~S. 

Instrument Maintenance Schedule 
Analytical/Top Loading Balances(‘) 

:..‘I 

Daily AlUlU~ll~ 

Daily when used: htmal weight train suviccd. 
Calibrate with check weights.’ Gem and elecuonics serviced. 

. TABLE 8.11-16 
Instrument Maintenance Schedule 
Refrigerators/Walk-in Coolers”’ 

Dtily 
Tcmpaarorcs checked and logged. 



TABLE 8.11-17 
Instrument IMaintenance Schbdule 

Ovens(‘) 

DZtil? 
Tempamrcs checked and loud. 

I As Xeedcd 
( Elccuonics saviced. I 

,TABLJZ 8.11-18 
Instrument IMaintenance Schedule 

Specific Digital Ion Analyzer”’ 

P 
DiIiiy I As Needed 

Daily when used: EIccmmics serviced. 
Calkate with check standards. 

C3-12 



TABLE 8.11-21 

Instrument Maintenance Schedule 
Conductance Meter”’ 

Daily 
Daily when used: 
Calibrate \vith check stat&. 

& Needed d 
Electronics saiccd. 

TABLE 8.11-22 
Instrument Maintenance Schedule 

Chemical Oxygen Demand (COD) React& 

Daily 

Daily when used: 
Calibrate with check stmdards. 

I AS Needed 

Elemonics semiccd 

‘ 

TABLE 8.11-23 
Instrument Maintenance Schedule 

Spectrophotometer(‘) 

As Needed Daily Monthly Annudly 

Dust the lamp and front of the Check the zero %T Pafolm wavelengdl Oil bearings. 
front lens. adjusmmt. diiration at 530 nm. 

TABLE 8.11-24 
Instrument Maintenance Schedule 

pH Meter(‘) 
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TABLE 8.11-25 
Instrument IMaintenance Schedule 

Fourier Transform Infrared Spectrometry (FTIR)‘” 

Check desiccant cvay 3 months. 

TABLE 8.11-26 
Instrument iMaintenance Schedule 
Radiological Analysis Equipment”’ 

m-‘I4 
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TABLE 8.11-27 
Instrument Maintenance Schedule 

Total Organic Carbon Analyzer (017000) 

Quanm QtilP 
Table Section 
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Date Revised: June 30. 1991 
Page 187 Of 188 

Oxygen supply 

Persulfate supply 

Acid supply 

Check injection port Do the leak test 

Carrier gas flow rate (- 150 
CChill) 

IR millivolts for stability (after 
30 min. warm-up) 

Footnotes to Prmmtivc Maintenance Tables 

“’ Refer to manufacturer’s insUuctions for each instrument to perform maintenance operations. 
t2’ Also see Table 8.1 l-l 1 for applicable “As Needed” GC maintenance. 



TABLE 8.1148 
Instrument Maintenance Schedule 

APWESI LC/Ms/MS 

DniIy As Needed Semi-annu8lIy Annually 

Check helium spargc Oil autosampler when Replace rough pump Replace turbopump 
supply for adequate it is noisy or picking oil oil 
prCSSU3-C up the tray 
Cheek solvent cll8rlgc pump seals Vacuum system 
reservoirs for components includim 
sufficient level of fans and fan covers 
solvent 
Verify that pump is Change filters in 
primed, operating autosampler 
pulse free 
Check needle wash Replace column if 
reservoir for sufficient excessive pressure or 
solvent poor performance 
Verify capillary heater Rinse capillary with 
temperarure MeOH 
Verify vaporizer Clear capillary if 
heater temperature clogged 
Verify manifold Rinse and clean 
heater temperature corona needle 
Verify manifold Replace sample inlet 
pressure tube in APCI 
:-5 x 10%) (10.1 cm) 
Verify forepump Replace fused silica 
pressure robe in ES1 interface 
I-30 to 200mtorr) 
Verify rough pump Clean lenses 
md turbopump oil 
levels 
Verify nitrogen Clean skimmer 
pressure for auxiliary 
md sheath gasses 
Verify that corona and 
nultiplier are 
functioning 
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4. 

1. SCOPE AND APPLICATION 

1.1. 

1.2. 

1.3. 

1.4. 

1.5. 

This method is applicable to the determination of Volatile Organic Compounds in waters, 
wastewater, soils, sludges and other solid matrices. Standard analytes are listed in Tables 
Sand6. 

This SOP is applicable to method 8260B. At client request, it may also be used for ‘.. 
analysis following method 8240B. Appendices A and B present modifications to the 
procedures in the main SOP that are. necessary for analysis of drinking water by method 
524.2 and wastewater by method 624. 

This method can be used to quantify most volatile organic compounds that have boiling 
points below 200°C and are insoluble or slightly soluble in water. Volatile water soluble 
compounds can be included in this analytical technique; however, for more soluble 
compounds, quantitation limits am approximately ten times higher because of poor 
purging efficiency. 

The method is based upon a purge and trap, gas cbromatograph/mass spectrometric 
(GCIMS) procedure. The approximate working range is 5 to 200 f.tg/L for 5 mL waters, 1 
to 60 ug/L for 25 mL purge waters, 5 to 200 pg!kg for low-level soils, and 250 to 25,000 
t&/kg for medium-level soils. Reporting limits are listed in Tables 1, 3 and 14. 

- 

Method performance is monitored through the use of surrogate compounds, matrix 
spike/matrix spike duplicates, and laboratory control spike samples. 

2. SUMMARY OFMETHOD 

2.1. Volatile compounds are introduced into the gas chromatograph by the purge and trap 
method. The components are separated via the cbromatograph and detected using a mass 
spectrometer, which is used to provide both qualitative and quantitative information. 

2.2. Aqueous samples are purged directly. Generally, soils are preserved by extracting the 
volatile analytes into methanol. If especially low detection limits are required, soil 
samples may bepreserved with sodium bisulfate and purged directly. 

2.3. In the purge and trap process, an inert gas is bubbled through the solution at ambient 
temperature or at 40°C (40°C required for low level soils) and’the volatile components 
are efficiently transferred from the aqueous phase to the vapor phase. The vapor is swept 
through a sorbant column where the volatile components are trapped. After purging is 
completed, the sorbant column (trap) is heated and backflushed with inert gas to desorb 
the components onto a gas cbromatographic column. The gas chromatograpbic column is _ 
then heated to elute the components which are detected with a mass spectrometer. 

c4-Y 
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2.4. Qualitative identifications are contiurned by analyzing standards under the same 
conditions used for samples and comparing the resultant mass spectra and GC retention 
times. Each identified component is quantified by relating the MS response for an 
appropriate selected ion produced by that compound to the MS response for another ion 
produced by an internal standard. 

3. DEFINITIONS 

3.1. Batch 

.- 

The batch is a set of up to 20 samples of the same matrix processed using the same 
procedures and reagents within the same time period. Using this method, each BPB 
analysis will normally start a new batch. Batches for medium level soils are defined at the 
sample preparation stage and may be analyzed on multiple instruments over multiple 
days, although reasonable effort should be made to keep the samples together. 

3.1.1. The Quality Control batch must contain a matrix spike/spike duplicate (MSIMSD), a 
Laboratory Control Sample (LCS), and a method blank. In some cases, at client 
request, the MSIMSD may be replaced with a matrix spike and sample duplicate. 
Refer to the Quanterra QC Program document (QA-003) for further details of the 
batch definition. 

3.2. Method Blank 

A method blank cbnsisting of all reagents added to the samples must be analyzed with each 
batch of samples. The method blank is used to identify any background interference or 
contamination of the analytical system which may lead to the reporting of elevated 
concentration levels or false positive dam 

3.3. Laboratory Control Sample (LCS) 

Laboratory Control Samples are well characterized, laboratory generated samples used to 
monitor the laboratory’s day-to-day performance of routine analytical methods. The LCS, 
spiked with a group of target compounds representative of the method analytes, is used to 
monitor the accuracy of the analytical process, independent of matrix effects. Ongoing 
monitoring of the LCS results provides evidence that the laboratory is performing the 
method within accepted QC guidelines for accuracy and precision. 

3.4. Surrogates 

Surrogates are organic compounds which are similar to the target analyte(s) in chemical 
composition and behavior in the analytical process, but which are not normally found in 
environmental samples. Each sample, blank, LCS, and MSNSD is spiked with surrogate 
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standards. Surrogate spike recoveries must be evaluated by determining whether the 
concentration (measured as percent recovery) falls within the required recovery limits. 

3.5. Matrix Spike/Matrix Spike Duplicate (MSIMSD) 

A matrix spike is an environmental sample to which known concentrations of target 
analytes have been added. A matrix spike duplicate is a second aliquot of the same sample 
which is prepared and analyzed along with the sample and matrix spike. Matrix spikes and 
duplicates are used to evaluate accuracy and precision in the actual sample matrix. 

3.6. Calibration Check Compound (CCC) 

CCCs are a representative group of compounds which am used to evaluate initial 
calibrations and continuing calibrations. Relative percent difference for the initial 
calibration and % drift for the continuing calibration response factors are calculated and 
compared to the specified method criteria. 

3.1. System Performance Check Compounds (WCC) 

SPCCs are compounds which are sensitive to system performance problems and are used to 
evaluate system performance and sensitivity. A response factor from the continuing 
calibration is calculated for the SPCC compounds and compared to the specified method - 
criteria. 

4. INTERFERENCES 

4.1. Method interferences may be caused by contaminants in solvents, reagents, glassware, and 
other processing apparatus that lead to discrete artifacts. All of these materials must be 
routinely demonstrated to be free from interferences under conditions of the analysis by 
running laboratory method blanks as described in the Quality Control section. The,use of 
ultra high purity gases, pre-purged purified reagent water, and approved lots of purge and 
trap grade methanol will greatly reduce introduction of contaminants. In extreme cases the 
purging vessels may be pre-purged to isolate the instrument from laboratory air 
contaminated by solvents used in other parts of the laboratory. 

4.2. Samples can be contaminated by diffusion of volatile organics (particularly methylene 
chloride and fluorocarbons) into the sample through the septum seal during shipment and 
storage. A field blank prepared from reagent water and carried through the sampling and 
handling protocol can serve as a check on such contamination. 

4.3. Matrix interferences may be caused by non-target contaminants that are coextracted from 
the sample. The extent of matrix interferences will vary considerably from source to source 
depending upon the nature and diversity of the site being sampled. 
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4.4. Cross-contamination can cccur whenever high-level and low-level samples are analyzed 
sequentially or in the same purge position on an autosampler. Whenever an unusually 
concentrated sample is analyzed, it should be followed by one or more blanks to check for 
cross-contamination. The purge and trap system may require extensive bake-out and 
cleaning after a high-level sample. 

4.5. Some samples may foam when purged due to surfactants present in the sample. when this 
kind of sample is encountered an antifoaming agent (e.g., J.T. Baker’s Antifoam B silicone 
emulsion) can be used. A blank spiked with this agent must be analyzed with the sample 
because of the non-target interferences associated with the agent. 

5. SAFETY 

5.1. 

5.2. 

5.3. 

5.4. 

Procedures shah be carried out in a manner that protects the health and safety of all 
Quanterra associates. 

The Chemical Hygiene Plan (CHP) gives details about the specific health and safety 
practices which are to be followed in the laboratory area. Personnel must receive training in 
the CHP, including the written Hazard Communication plan, prior to working in the 
laboratory. Consult the CHP, the Quantetra Health and Safety Policies and Procedures 
Manual, and available Material Safety Data Sheets (MSDS) prior to using the chemicals in 
the method. 

Consult the Quanterra Health and Safety Policies and Procedures Manual for information 
on Personal Protective Equipment. Eye protection that satisfies ANSI 287.1 (as per the 
Chemical Hygiene Plan) and a laboratory coat must be worn in the lab. Appropriate gloves 
must bc worn while samples, standards, solvents, and reagents are being handled. 
Disposable gloves that have been contaminated will be removed and discarded; other gloves 
will be cleaned immediately. Disposable gloves shall not be reused. 

The health and safety hazards of many of the chemicals used in tNs procedure have not 
been fully defined, therefore each chemical compound should be treated as a potential 
health hazard. Additional health and safety information can be obtained from the MSDS 
tiles maintained in the laboratory. The following specific hazards am known: 

54.1. Chemicals that have been classified as carcinogens, or potential carcinogens, under 
OSHA include: Acrylonitrile, benzene, carbon tetrachloride, chloroform, 1,2dibromo- 
3cNoropropane, 1,4dicNorobenzene, and vinyl chloride. 

5.4.2. Chemicals known to be flammable are: Methanol. 

5.5. Exposure to chemicals must be maintained as low as reasonably achievable, therefore, 
unless they are known to be non-hazardous, all samples should be opened, transferred, and 
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5.6. 

5.7. 

5.8. 

prepared in a fume hood, or under other means of mechanical ventilation. Solvent and waste 
containers will be kept closed unless transfers ate being made. 

The preparation of standards and reagents will be conducted in a fume hood with the sash 
closed as far as the operations will permit. 

All work must be stopped in the event of a known or potential compromise to the health and. 
safety of a Quanterra associate. The situation must be reported immediately to a laboratory 
supervisor. 

Laboratory personnel assigned to perform hazardous waste disposal procedures must have a 
working knowledge of the established procedures and practices outlined in the Quartterra 
Health and Safety Manual. These employees must have training on the hazardous waste 
disposal practices initially upon assignment of these tasks, followed by an annual refresher 
training. 

6. EQUIPMENT AND SUPPLIES 

6.1. Microsyringes: 10 pL and larger, 0.006 inch ID needle. 

6.2. Syringe: 5 or 25 mL glass with luerlok tip, if applicable to the purging device. 

6.3. Balance: Analytical, capable of accurately weighing O.CtOOl g, and a top-loading balance 
capable of weighing 0.1 g 

6.4. Glassware: 

6.4.1. Vials: 20 mL with screw caps and Teflon liners. 

6.4.2. Volumetric flasks: 10 mL and 100 mL, class A with ground-glass stoppers. 

6.5. Spatula: Stainless steel. 

6.6. Disposable pipets: Pasteur. 

6.7. pH paper: Wide range. 

6.8. Gases: 

6.8.1. Helium: Ultra high purity, gr. 5,99.999%. 

6.8.2. Nitrogen: Ultra high purity, from cylinders of gas generators, may be used as an 
alternative to helium for purge gas. 



6.10. Gas Chromatograph/Mass Spectrometer System: 

6.10.1. Gas Chromatograph: The gas chromatograph (GC) system must be capable of 
temperature programming. 
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6.8.3. Compressed air: Used for instrument pneumatics. 

6.8.4. Liquid nitrogen: Used for cryogenic cooling if necessary. 

6.9. Purge and Trap Device: The purge and trap device consists of the sample purger, the trap, 
and the desorber. 

6.9.1. Sample Purger: The recommended purging chamber is designed to accept 5 mL samples 
with a water column at least 3 cm deep. The purge gas must pass through the water 
column as finely divided bubbles, each with a diameter of less than 3 mm at the origin. 
The purge gas must be introduced no more than 5 mm from the base of the water 
colmrrn. Alternative sample purge devices may be. used provided equivalent 
performance is demonstrated. Low level soils are purged directly from a VOA vial. 

6.9.2. Trap: A variety of traps may he used, depending on the target analytes required. For 
most purposes the Vocarb 3000 trap is suitable. Other traps, such as Vocarb 4000, or 
Tenax I Silica gel I Charcoal may be used if the Quality Control criteria are met. 

6.9.3. Desorber: The desorber should be capable of rapidly heating the trap to 180°C. Many 
such devices are commercially available. 

6.9.4. Sample Heater: A heater capable of maintaining the purge &vice at 40°C is necessary 
for low level soil analysis. 

6.10.2. Gas Chromatographic Columns: Capillary columns are used. Some typical columns are 
listed below: 

6.10.2.1. Column 1: 105m x 0.53 ID Rtx-624 with 3 urn film thickness. 

6.10.2.2. Colurhn 2: 75 m x 0.53 ID DB-624 widebore with 3 Frn film thickness. 

6.10.2.3. Mass Spectrometer: The mass spectrometer must be capable of scanning 35- 
300 AMU every two seconds or less, using 70 volts electron energy in the 
electron impact mode and capable of producing a mass spectrum that meets the 
required criteria when 50 ng of 4-Bromofluorobenzene (BFB) are injected onto 
the gas chromatograph column inlet. 
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6.10.3. GC/IvIS interface: In general glass jet separators are used but any interface (including 
direct introduction to the mass spectrometer) that achieves all acceptance criteria may be 
used. 

6.10.4. Data System: A computer system that allows the continuous acquisition and storage on 
machine readable media of all mass spectra obtained throughout the duration of the 
chromatographic program. The computer must have software that allows searching any 
GUMS data file for ions of a specified mass and plotting such ion abundances versus 

. time or scan number. This type of plot is defined as an Extracted Ion Current Profile 
(EICP). Software must also be available that allows integrating the abundances in any 
EICP between the specified time or scan-number limits. Also, for the non-target 
compounds, software must be available that allows for the comparison of sample 
spectra against reference library spectra The most recent release of the NIST/EPA mass 
spectral library should be used as the reference library. The computer system must also 
be capable of backing up data for long-term off-line storage. 

6.10.5. Cryogenic Cooling: Some columns require the use of liquid nitrogen to achieve the 
subambient temperature required for the proper separation of the gases. 

7. REAGENTS AND STANDARDS 

7.1. Reagents 

7.1.1. Methanol: Purge and Trap Grade, High Purity 

7.1.2. Reagent Water: High purity water that meets the requirements for a method blank when 
analyzed. (See section 9.4) Reagent water may be purchased as commercial distilled. 
water and prepared by purging with an inert gas overnight. Other methods of preparing 
reagent water are acceptable. 

7.2. Standards 

7.2.1. Calibration Standard 

7.2.1.1. Stock Solutions: Stock solutions may be purchased as certified solutions from 
commercial sources or prepared from pure standard materials as appropriate. 
These standards are prepared in methanol and stored in Teflon-sealed screw-cap 
bottles with minimal headspace at -10” to -2O’C. 

7.2.1.2. Working standards: A working solution containing the compounds of interest 
prepared from the stock solution(s) in methanol. These standards are stored in the 
freezer or as recommended by the manufacturer. Working standards are 
monitored by comparison to the initial calibration curve. If any of the calibration 
check compounds drift in response from the initial calibration by more than 20% 4 
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then corrective action is necessary. This may include steps such as instrument 
maintenance, preparing a new calibration verification standard or tuning the 
instrument. If the corrective actions do not correct the problem then a new initial 
calibration must be performed. 

7.2.1.3. AqueouKalibration Standards are prepared in reagent water using the secondary 
dilution standatds. These aqueous standards must be prepared daily. 

7.2.1.4. If stock or secondary dilution standards are purchased in sealed ampoules they 
may be used up to the manufacturers expiration date. 

7.2.2. Internal Standards: Internal standards are added to all samples, standards, and blank 
analyses. Refer to Table 7 for internal standard components. 

7.2.3. Surrogate Standards: Refer to Table 8 for surrogate standard components and spiking 
levels. 

.- 

/- 

7.2.4. Laboratory Control Sample Spiking Solutions: Refer to Table 9 for LCS components 
and spiking levels. 

7.2.5. Matrix Spiking Solutions: The matrix spike contains the same components as the LCS, 
Refer to Table 9. 

7.2.6. Tuning Standank A standard is made up that will deliver 50 ng on column upon 
injection. A recommended concentration of 25 ng@L of 4-Bromofluorobenxene in 
methanol is prepared as described in Sections 7.2.1.1 and 7.2.1.2. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. Holding times for all volatile analysis are 14 days from sample collection. 

8.2. Water samples are normally preserved at pH 5 2 with 1: 1 hydrochloric acid. If residual 
chlorine is present, 2 drops of 10% sodium thiosulfate are added. 

8.3. Solid samples are field preserved with sodium bisulfate solution for low level analysis, or 
with methanol for medium level analysis. Soil samples can also be taken using the 
EnConP sampler and preserved in the lab within 48 hours of sampling. At specific 
client request, unpreserved soil samples may be accepted. 

8.4. There are several methods of sampling soil. The recommended method, which provides 
the minimum of field difficulties, is to take an Encore sample. (The 5 g or 25 g sampler 
can be used, depending on client preference). Following shipment back to the lab the soil 
is preserved in methanol. This is the medium level procedure. If very low detection limits 

c4- II 
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are needed (c 50 Fg/lcg for most analytes) then it will be necessary to use two additional 5 
g Encore samplers or to use field preservation. 

8.5. Sample collection for medium level analysis using Encore samplers. 

8.5.1. Ship one 5 g (or 25 g) Encore sampler per.tield sample position. 

8.5.2. An additional bottle must be shipped for percent moisture determination. 

8.5.3. When the samples are returned to the lab, extrude the (nominal) 5g (or 25 g) sample 
into a && VOA vial containing 5 mL methanol (25 mL methanol for the 25 g 
sampler). Obtain the weight of the soil added to the vial and note on the label. 

8.5.4. Add the correct amount of surrogate spiking mixture. (Add 50 uL of 1250 ug/mL 
solution for a nominal 25 g sample, 1OpL for a nominal 5 g sample.) 

8.5.5. Add the correct amount of matrix spiking solution to the matrix spike and matrix 
spike duplicate samples. (Add 50 uL of 1250 ug/mL solution for a nominal 25 g 
sample, 1OuL for a nominal 5 g sample.) The addition of spike introduces a slight 
error (0.4%), which can be neglected, into the calculations. 

8.5.6. Prepare an LCS for each batch by adding the correct amount of matrix spiking 
solution to clean methanol. (50 uL of spike to 25 mL methanol or 10 uL spike to 5 mL 
methanol). 

8.5.7. Shake the samples for two minutes to distribute the methanol throughout the soil. 

8.5.8. Allow to settle, then remove a portion of methanol and store in a clean Teflon capped 
vial at 4+2’C until analysis. 

8.6. Sample collection for medium level analysis using field methanol preservation 

8.6.1. Preparc a 2 oz sample container by adding 25 mL purge and trap grade methanol. (If a 
5 g sample is to be used, add 5 mL methanol to a 2 02, container or VOA vial). 

8.6.2. Seal the bottle and attach a label. 

8.6.3. Weigh the bottle to the nearest O.Olg and note the weight on the label. 

8.6.4. Ship with appropriate sampling instructions. 

Cd-/a 



Determination of Volatile Amlyta by GCMS 
Based on Method 826OB, 624 and 524.2 

SOP No. CORP-MS-0002 
Revision No. 2 
Revision Date: 12ll5l97 
Page: 13 of 66 

/- 

8.65. Each sample will require au additional bottle with no preservative for percent 
moisture determination. 

8.6.6. At client request, the methanol addition and weighing may also be performed in the 
field. 

8.6.7. When the samples are returned to the lab, obtain the weight of the soil added to the 
vial and note on the label. 

8.6.8. Add the correct amount of surrogate spiking mixture. (Add 50 UL of 1250 pg/mL 
solution for a nominal 25 g sample, lOa for a nominal 5 g sample.) 

8.6.9. Add the correct amount of matrix spiking solution to the matrix spike and matrix 
spike duplicate samples. (Add 50 uL of 1250 j@uL solution for a nominal 25 g 
sample, 1OpL for a nominal 5 g sample.) The addition of spike introduces a slight 
error, (0.2%) which can be neglected, into the calculations. 

8.6.10. Prepare an LCS for each batch by adding the correct amount ,of matrix spiking 
solution to clean methanol. (50 uL of spike to 25 mL methanol or 10 UL spike to 5 mL 
methanol). 

8.6.11. Shake the samples for two minutes to distribute the methanol throughout the soil. 

8.6.12. Allow to settle, then remove a portion of methanol and store in a clean Teflon capped 
vial at 4+2’C until analysis. 

8.7. Low level procedure 

8.7.1. If low detection iimits.are required (typically < 50 pg/kg) sodium bisulfate 
preservation must be used. However, it is also necessary to take a sample for the 
medium level (field methanol preserved or using the Encore sampler) procedure, in 
case the concentration of aualytes in the soil is above the calibration range of the low 
level procedure. 

8.7.2. A purge and trap autosampler capable of sampling from a sealed vial is required for 
analysis of samples collected using this method. (Varian Archon or 0.1.4552). 

8i7.3. The soil sample is taken using a 5g Encore samphng device and returned to the lab.~ 
It is recommended that two Encore samplers be used for each field sample position, 
to allow for any reruns than may be necessary. A separate sample for % moisture 
determination is also necessary. 
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8.7.4. Prepare VOA vials by adding a magnetic stir bar, approximately 1 g of sodium 
bisulfate and 5 mL of reagent water. 

8.75. Seal and label the vial. It is strongly recommended that the vial is labeled with an 
indelible marker rather than a paper label, since paper labels may cause the 
autosampler to bind and malfunction. The label absolutely must not cover the neck of 
the vial or the autosampler will malfunction. 

8.7.6. Weigh the vial to the nearest 0. lg and note the weight on the label. 

8.7.7. Extrude the soil sample from the Encore sampler into the prepared VOA vial. 
Reweigh the vial to obtain the weight of soil and note on the label. 

8.7.8. Note: Soils containing carbonates may effervesce when added to the sodium bisulfate 
solution. If this is the case at a specific site, add 5 mL of water instead, and freeze at 
<lO’C until analysis. 

8.7.9. Alternatively the sodium bisulfate preservation may be performed in the field. This is 
not recommended because of the many problems that can occur in the field setting. 
Ship at least two vials per sample. The field samplers must determine the weight of 
soil sampled. Each sample will require an additional bottle with no preservative for 
percent moisture determination, and an additional bottle preserved with methanol for 
the medium level procedure. Depending on the type of soil it may also be necessary 
to ship vials with no or extra preservative. 

8.8. Unpreserved soils 

8.8.1. At specific client request unpreserved soils packed into glass jars or brass tubes may 
be accepted and subsampled in.the Jab. This is the oldprocedure based on method 
503OA. It is no longer included and is likely to generate results that are biased low, 
possibly be more than an order of magnitude. 

8.9. Aqueous samples are stored in glass containers with Teflon lined septa at 4’C +I- 2’C, 
with minimum headspace. 

8.10. Medium level solid extracts are aliquoted into 2 - 5 mL glass vials with Teflon lined caps 

and stored at 4’C +/- 2°C. The extracts are stored with minimum headspace. 

8.11. The maximum holding time is 14 days from sampling until the sample is analyzed. 
(Samples that are found to be unpreserved still have a 14 day holding time. However they 
should be analyzed as soon as possible. The lack of preservation should be addressed in 
the case narrative). Maximum holding time for’the Encore sampler (before the sample is 
added to methanol or sodium bisulfate) is 48 hours. 

c4- /4 
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8.12. A holding blank is stored with the samples. This is analyzed and replaced if any of the 
trip blanks show soy contamination. Otherwise it is replaced every 14 days. 
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+ 
Shake for 2 minutes. 
Allow to settle, then 

Reweigh vial to obtain - remove approximately 
soil weight. 5 mL methanol and 

store in a septum 
caooed vial. I 

Encore procedure when low level is required 

4 
Shake for 2 minutes. 
Allow to settle, then 

Reweigh vial to obtain - remove approximately 
soil weight. 5 mL methanol and 

store in a septum 
CaODed Vial. 

Sample is ready for 

J 
Extrude the two 5g 

samplers into separate 
tared VOA vials ___, Store for low level 
containing 5 mL analysis if needed 
sodium bisulfate 

solution 

Extrude 259 soil 
sample from Encore 

into tared septum 
capped vial containing 

25 mL methanol 
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Field methanol extraction procedure (field steps in gray) 

Ship following DOT 
Prepare a septum Weigh the vial and regulations for 

capped vial containing record the weight to the flammable liquids and 
5 mL methanol for __c nearest O.Olg on the - inolude a separate 

each sample location label. bottle for each sample 
location for % moisture 

Weigh the sample vial 
on receipt. If different 
from the weight noted 
by the sampling crew, 
note as an anomaly 

and contact the client 

Shake for two minutes. 
Allow to settle, then 

remove approximately 
’ 1 mL of methanol and 

store in a septum 
capped vial 

ample is ready for 
analysis 
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Field bisulfate preservation procedure (field steps in gray) 

5 mL water for each 

corrosive liquids and 
include a separate 

bottle for each sample 

1 and contaT the client 

1 

When following this procedure, a methanol 
reserved sample must also be collected, for screening 

and in case the sample contains high levels of analytes. 
2. Due to the high probability of sampling problems, 
this method is not recommended 
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9. QUALITY CONTROL 

9.1. Initial Demonstration of Capability 

9.1.1. For the standard analyte list, the initial demonstration described in Section 13 and 
method detection limit (MDL) studies must be acceptable before analysis of s’amples 
may begin. MDLs should be analyzed for low and medium soils and aqueous 
samples. 

9.1.2. For non-standard analytes, a IvlDL study must be performed and calibration curve 
generated before analyzing any samples, unless lesser requirements are previously 
agreed to with the client. In any event, the minimum initial demonstration required is 
analysis of a standard at the reporting limit and a single point calibration. 

9.2. Control Limits 

In-house historical control limits must be determined for surrogates, matrix spikes, and 
laboratory control samples (LCS). These limits must be determined at least annually. 
The recovery limits are mean recovery +/- 3 standard deviations for surrogates, matrix 
spikes and LCS. Precision limits for matrix spikes I matrix spike duplicates are 0 to mean 
relative percent difference + 3 standard deviations. 

9.2.1. All surrogate, LCS, and MS recoveries (except for dilutions) must be entered into 
QuantIMS (when available) or other database so that accurate historical control limits 
can be generated. For tests without a separate extraction, surrogates and matrix spikes 
will be reported for all dilutions. 

9.2.2. Refer to the QC Program document (QA-003) for further detailsof control limits. 

9.3. Surrogates 

Every sample, blank, and QC sample is spiked with surrogates. Surrogate recoveries in 
samples, blanks, and QC samples must be assessed to ensure that recoveries are within 
established limits. The compounds included in the surrogate spiking solutions are listed in 
Tables 8 and 16. If any surrogates are outside,limits, the following corrective actions must 
take place (except for dilutions): 

l Check all calculations for error. 

l Ensure that instrument performance is acceptable. 

l Recalculate the data and/or reanalyze if either of the above checks reveal a problem. 
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. Reprepare and reanalyze the sample or flag the data as “‘Estimated Concentration” if 
neither of the above resolves the problem. 

The decision to reanalyze or flag the data should be made in consultation with the client. 
It is only necessary to reprepare/reanalyze a sample once to demonstrate that poor 
surrogate recovery is due to matrix effect, unless the analyst believes that the repeated out 
of control results are not due to matrix effect. 

9.3.1. If the surrogates are out of control for the sample, matrix spike, and matrix spike - 
duplicate, then matrix effect has been demonstrated for that sample and repreparation 
is not necessary. If the sample is out of control and the MS and/or MSD is in control, 
then reanalysis or flagging of the data is required. 

9.3.2. Refer to the Quantetra QC Program document (QA-003) for further details of the 
corrective actions. 

9.4. Method Blanks 

For each batch of samples, analyze a method blank. The method blank is analyzed after 
the calibration standards, normally before any samples. For low-level volatiles, the 
method blank consists of reagent water. For medium-level volatiles, the method blank 
consists of 25.0 mL of methanol. Surrogates are added and the method blank is carried - 
through the entire analytical procedure. The method blank must not contain any analyte of 
interest at or above the reporting limit (except common laboratory contaminants, see 
below) or at or above 5% of the measured concentration of that analyte in the associated 
samples, whichever is higher. 

l If the analyte is a common laboratory contaminant (methylene chloride, acetone, 2- 
.butanone) the data may be reported with qualifiers if the concentration of the analyte 
is less than five times the reporting limit. Such action must be taken in consultation 
with the client. 

l Reanalysis of samples associated with an unacceptable method blank is required when 
reportable concentrations are determined in the samples. 

l If there is no target analyte greater than the RL in the samples associated with an 
unacceptable method blank, the data may be reported with qualifiers. Such action 
should be done in consultation with the client. 

9.4.1. The method blank must have acceptable surrogate recoveries. If surrogate recoveries, 
are not acceptable, the data must be evaluated to determine if the method blank has 
served the purpose of demonstrating that the analysis is free of contamination. If 
surrogate recoveries are low and them are reportable analytes in the associated 

? 
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samples reextraction of the blank and affected samples will normally be required. 
Consultation with the client should take place. 

9.4.2. If reanalysis of the batch is not possible due to limited sample volume or other 
constraints, the method blank is reported, all associated samples are flagged with a 
“B,” and appropriate comments may be made in a narrative to provide further 
documentation. 

9.4.3. Refer to the Quantetra QC Program document (QA-003) for further details of the 
corrective actions. 

9.5. Laboratory Control Samples (LCS) 

For each batch of samples, analyze a LCS. The LCS is analyzed after the calibration 
standard, and normally before any samples. The LCS contains a representative subset of 
the analytes of interest (See Table 9), and must contain the same analytes as the matrix 
spike. If any analyte or surrogate is outside established control limits, the system is out of 
control and corrective action must occur. Corrective action will normally be 
repreparation and reanalysis of the batch. 

l If the batch is not re-extracted and reanalyzed, the reasons for accepting the batch 
must be clearly presented in the project records and the report. (Examples of 
acceptable reasons for not reanalyzing might be that the matrix spike and matrix spike 
duplicate are acceptable, and sample surrogate recoveries are good, demonstrating 
that the problem was confined to the LCS.) 

l If re-extraction and reanalysis of the batch is not possible due to limited sample 
volume or other constraints, the LCS is reported, all associated samples are flagged, 
and appropriate comments are made in a narrative to provide further documentation. 

9.5.1. Refer to the Quanterra QC Program document (QA-003) for further details of the 
corrective action. 

9.5.2. If full analyte spike lists are used at client request, it will be necessary to allow a 
percentage of the components to be outside control limits as this would be expected 
statistically. These requirements should be negotiated with the client. 

9.6. Matrix Spikes 

For each QC batch, analyze a matrix spike and matrix spike duplicate. Spiking 
compounds and levels are given in Table 9. Compare the percent recovery and relative 
percent difference (RPD) to that in the laboratory specific historically generated limits. 
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9.7. 

9.8. 

9.9. 

-? 

. If any individual recovery or RPD falls outside the acceptable range, corrective action 
must occur. The initial corrective action will be to check the recovery of that analyte 
in the Laboratory Control Sample (LCS). Generally, if the recovery of the analyte in 
the LCS is within limits, then the laboratory operation is in control and analysis may 
proceed. The reasons for accepting the batch must be documented. 

l If the recovery for any component is outside QC limits for both the matrix spike/ 
spike duplicate and the LCS, the laboratory is out of control and corrective a&on 
must be taken. Corrective action will normally include reanalysis of the batch. 

l If a MS/MSD is not possible due to limited sample, then a LCS duplicate should be 
analyzed. RPD of the LCS and LCSD are compared to the matrix spike limits. 

l The matrix spike/duplicate must be analyzed at the same dilution as the unspiked 
sample, even if the matrix spike compounds will be diluted out. 

Nonconformance and Corrective Action 

Any deviations from QC procedures must be documented as a nonconformance, with 
applicable cause and corrective action approved by the facility QA Manager. 

Quality Assurance Summaries 

Certain clients may require specific project or program QC which may supersede these 
method requirements. Quality Assurance Summaries should be developed to address 
these requirements. 

Quanterra QC Program 

Further details of QC and corrective action guidelines are presented in the Quartterra QC 

Program document (QA-003). Refer to this document if in doubt regarding corrective 
actions. 

10. CALIBRATION AND STANDARDIZATION 

10.1. summary 

10.1.1. Prior to the analysis of samples and blanks, each GCiMS system must be tuned and 
calibrated. Hardware tuning is checked through the analysis of the 4-Bromofluoro- 
benzene (BFB) to establish that a given GUMS system meets the standard mass 
spectral abundance criteria. The GUMS system must be calibrated initially at a 
minimum of five concentrations (analyzed under the same BFB tune), to determine the 
.linearity of the response utilizing target calibration standards. Once the system has been 
calibrated, the calibration must be verified each twelve hour time period for each -. 

C4-d a 
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GUMS system. The use of separate calibrations is requited for water and low soil 
matrices. 

10.2. Recommended Instrument Conditions 

10.2.1. General 

Electron Energy: 
Mass Range: 
Scan Time: 

Injector Temperature: 
Source Temperature: 
Transfer Line 
Purge Flow: 
Carrier Gas 
Make-up Gas Flow: 

70 volts (nominal) 
35-300 i&u .~ 
to give at least 5 scans/peak, but not to exceed 2 
secondkcau 
200-250°C 
According to manufacturer’s specifications 
Temperature: 250-300°C 
40 nlunimlte 
Flow: 15 mLhinwe 
25-30 rnUminute~ 

10.2.2. Gas chromatograph suggested temperature program 

10.2.2.1. BFB Analysis 

Isothermal: 170°C 

10.2.2.2. Sample~Aualysis 

Initial Temperature: 
Initial Hold Tune: 
Temperature Program: 
Final Temperature: 
Second Temperature 
Final Temperature: 
Final Hold Time: 

40°C 
4 minutes 
8”Uminute 
184°C 
Program: 4O”C/minute 
240°C 
2.6 minutes 

10.3. Instrument Tuning 

10.3.1 Each GUMS system must be hardware-tuned to meet the abundance criteria listed in 
Table 10 for a maximum of a 50 ng injection or purging of BFB. Analysis must not 
begin until these criteria are met. These criteria must be met for each twelve-hour time 
period. The tweive-hour time period begins at the moment of injection of BFB. 

,/-- 
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10.4. Initial Calibration 

10.4.1. A series of five initial calibration standards is prepared and analyzed for the target 
compounds and each surrogate compound. Typical calibration levels for a 5 mL purge 
a: 5,20,50,100, and 200 pg/L. Certain analytes are prepared at higher concentrations 
due to poor purge performance. Typical caiibration levels for a 25 mL purge a~ 1.5, 
10,30, and 60 pg/L. Again, some analytes are prepared at higher levels. Taliles 2.4,~ and 
17 list the calibration levels for each analyte. Other calibration levels and purgi 
volumes may be used depending on the capabilities of the specific instrument. 
However, the same purge volume must be used for calibration and sample analysis, and 
the low level standard must be at or below the reporting limit. 

10.4.2. It may be necessary to analyze more than one set of calibration standards to encompass 
all of the analytes required for same tests. For example, the Appendix IX list requires 
the Primary standard (Table 5) and the Appendix Ix standard (Table 6). If acceptable 
analytical performance can be obtained the primary and appendix IX standards may be 
analyzed together. 

10.4.3. Internal standard calibration is used. The internal standards are listed in Tables 7 and 15. 
Target compounds should reference the nearest internal standard. Each calibration 
standard is analyzed and the response factor (RF) for each compound is calculated using ~- 
the area response of the characteristic ions against the concentration for each compound 
and internal standard. See equation 1, Section 12, for calculation of,response factor. 

10.4.4. The % RSD of the calibration check compounds (CCC) must be less t&m 30%. Refer to 
Table 12 for the CCCs. 

10.4.4.1. If none of the CCCs are required analytes, project specific calibration 
specifications must be agreed with the client. 

10.4.5. The average RF must be calculated for each compound. A system performance check is 
made prior to using the calibration curve. The five system performance check 
compounds (SPCC) are checked for a minimum average response factor. Refer to Table 
11 for the WCC compounds and required minimum response factors. 

10.4.6. If the average of all the %RSDs in the calibration is 5 15%, then all analytes may use 
average response factor for calibration. 

10.4.6.1. If the sofiware in use is capable of routinely reporting curve coefficients for 
data validation purposes, and the necessary calibration reports can be 
generated, then the analyst should evaluate analytes with %RSD > 15% for 
calibration on a curve. If it appears that substantially better accuracy would be 
obtained using quantitation from a curve then the appropriate curve should be - 
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used for quantitation. If Relative Standard Error (RSE) is used to evaluate the 
curve it must be better than 15%. Otherwise the correlation coefficient 
(coeff’cient of determination for non-linear curves) must be 2 0.990. 

10.4.6.2. If the average of all the %RSDs in the calibration is > 15% then calibration on 
a curve must be used for all analytes with %RSD > 15%. The analyst should 
consider instrument maintenance to improve the linearity of response. If 
Relative Standard Error (RSE) is used to evaluate the curve it must be better 
than 15%. Otherwise the correlation coefficient, r (coefficient of determination, 
rZ for non-linear curves) must be 2 0.990. 

10.4.7. Weighting of data points 

In a linear or quadratic calibration fit, the points at the lower end of the calibration 
curve have less weight in determining the curve generated than points at the high 
concentration end of the curve. However, in environmental analysis, accuracy at the 
low end of the curve is very important. For this reason it is preferable to increase the 
wei 

f 
hting of the lower concentration points. l/Concentration2 weighting (often called 

l/X weighting) will improve accuracy at the low end of the curve and should be used 
if the data system has this capability. 

10.4.8. If time remains in the 12-hour period initiated by the BFB injection before the initial 
calibration, samples may be analyzed. Otherwise, proceed to continuing calibration. 

10.4.9. A separate five point calibration must be prepared for analysis of low level soils. Low 
level soils analysis requires the use of a closed vial autosampler such as the Varian 
Archon, 0.1.4552 or Tekmar Precept. Bach standard is prepared by spiking the 
methanolic standard solution through the septum of a VOA vial containing 5 mL of 
water and 1 g sodium bisulfate. The standards are heated to 40°C for purging. All low- 
level soil samples, standards,,and’blaoks must also be heated to 4OY for purging. 
Medium soil extracts should be analyzed using the water calibration curve. 

10.4.lO.Non-standard analytes are sometimes requested. For these analytes, it is acceptable 
to analyze a single standard at the reporting limit with each continuing calibration 
rather than a five point initial calibration. If the analyte is detected in any of the 
samples, a five point initial calibration must be generated and the sample(s) 
reanalyzed for quantitation. However, if the analyte is not detected, the non-detect 
may be reported and no further action is necessary., 

10.5. Continuing Calibration: The initial calibration must be verified every twelve hours. 

,- 
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10.5.1. Continuing calihtion begins with analysis of BFB as described in Section 10.3. If the 
system tune is acceptable, the continuing calibration standard(s) are analyzed. The level 
3 calibration standard is used as the continuing calibration. 

10.5.2. The RF data from the standards are compared with the average RF from the initial five- 
point calibration to determine the percent drift of the CCC compounds. The calculation 
is given in equation 4, Section 12.3.4. 

105.3. The % drift of the CCCs must-be 5 20% for the continuing calibration to be valid. The 
SPCCs are also monitored. The SPCCs must meet the criteria described in Table 11. In 
addition, the % drift of all analytes must be 5 50% with allowance for up to six target 
analytks to have % drift > 50%. 

10.5.3.1. If none of the CCCs ate required analytes, project specific calibration 
specifications must be agreed with the client. 

10.5.3.2. Cyclohexanone, one of the components of the Appendix IX standard, is 
unstable in the calibration solution, forming l,l-dimethoxycyclohexane. No 
calibration criteria are applied to cyclohexanone and quantitation is tentative. 
Cyclohexanone is included on the Universal Treatment Standard and FO-39 
regulatory lists (but not on Appendix IX). UP. 

10.5.4. If tbe CCCs and or the SPCCs do not meet the criteria in Sections 10.5.3 and 10.5.4, the 
system must be evaluated and corrective action must be taken. The BFB tune and 
continuing calibration must be acceptable before analysis begins. Extensive corrective 
action such as a different type of column will require a new initial calibration. 

10.5.5. Once the above criteria have been met, sample analysis may begin. Initial calibration 
average RFs (or the calibration curve) will be used for sample quantitation, not 
the continuing calibration RFs. Analysis may proceed until 12 hours from the 
injection of the BFB have passed. (A sample desorbed less than or equal to 12~hours 
after the BFB is acceptable.) 

11. PROCEDURE 

11.1. Procedural Variations 

11.1.1. One time procedural variations are allowed only if deemed necessary in the professional 
judgment of supervision to accommodate variation in sample matrix, radioactivity, 
chemistry, sample size, or other parameters. Any variation shah be completely 
documented using a Nonconformance Memo and approved by a Supervisor or group 
leader and QA Manager. If contractually reqtdred, the client shah be notified. The 
Nonconformance Memo shah be filed in the project file. 

-_ 
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11.1.2. Any unauthorized deviations from this procedure must also be documented as a 
nonconformance, with a cause and corrective action described. 

11.2. PreJimhary Evaluation 

11.2.1. Where possible, samples are screened by headspace or GC/?vfS off-tune analysis to 
determine the correct aliquot for analysis. Alternatively, an appropriate ahquot can be 
determined from sample histories. 

11.2.2. Dilutions should be done just prior to the GUMS analysis of the sample. Dilutions are 
made in volumetric flasks or in a Luerlok syringe. Calculate the volume of reagent 
water required for the dilution. Fill the syringe with reagent water, compress the water 
to vent any residual air and adjust the water volume to the desired amount. Adjust the 
plunger to the mark and inject the proper aliquot of sample into the syringe. If the 
dilution required would use less than 1 pL of sample then serial dilutions must be made 
in volumetric flasks. 

11.2.2.1. The diluted concentration is to be estimated to be in the upper half of the 
calibration range. 

11.3. Sample Analysis Procedure 

11.3.1. All analysis conditions for samples must be the same as for the continuing calibration 
standards (including purge time and flow, desorb time and temperature, column 
temperatures, multiplier setting etc.). 

11.3.2. All samples must be analyzed as part of a batch. The batch is a set of up to 20 samples 
of the same matrix processed using the same procedures and reagents within the same 
time period. The batch also’must contain a MSIMSD, a LCS, and a method blank. 

11.3.2.1. If there is insufficient time m the 12-hour tune period to analyze 20 samples, 
the batch may be continued into the next tune period. However, if any re:tuning 
of the instrument is necessary, or if a period of greater than 24 hours from the 
preceding BFB tune has passed, a new batch must be started. For medium level 
soils the batch is defined at the sample preparation stage. 

11.3.2.2. Laboratory generated QC samples (Blank, LCS, MSIMSD) do not count 
towards the maximum 20 samples in a’batch. Field QC samples are included 
in the batch count. 

11.3.2.3. It is not necessary to reanalyze batch QC with reanalyses of samples. However, 
any reruns must be as part of a valid batch. 
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11.4. Water Samples 

11.4.1. All samples and standard solutions must be at ambient temperature before analysis. 

11.4.2. Fill a syringe with the sample. If a dilution is necessary it .may be made in the syringe if 
the sample aliquot is 15 pL. Check and document the pH of the remaining sample. 

11.4.3. Add 250 ng of each internal and surrogate standard (IO pL of a 25 pg/mL solution, refer 
.~ to Tables 7,8, 15 and 16). The internal standards and the surrogate standards may be 

mixed and added as one spiking solution (this results in a 50 ug/L solution for a 5 mL 
sample, and a 10 pg/L solution for a 25 mL sample). Inject the sample into the purging 
chamber. 

11.4.3.1. For TCLP samples use 0.5 mL of TCLP leachate with 4.5 mL reagent water and 
spike with 10 pL of the 25 ug/mL TCLP spiking solution. (Note that TCLP 
reporting limits will be 10 times higher than the corresponding aqueous limits). 

11.4.4. Purge the sample for eleven minutes (the trap must be below 35°C). 

11.4.5. After purging is complete, desorb the sample, start the CC temperature program, and 
begin data acquisition. After desorption, bake the trap for 5-10 minutes to condition it 
for the next analysis. When the trap is cool, it is ready for the next sample. 

11.4.6. Desorb and bake time and temperature are optimized for the type of trap in use. The 
same conditions mustbe used for samples and standards. 

11.5. Methanol Extract Soils 

11.5.1. Rinse a gas-tight syringe with organic free water. Fill the syringe with the same 
volume of organic free water as used in the calibrations. Add no more than 2% (v/v) 
(100 pL for a 5 mL purge) methanolic extract (from Section 8.5 or 8.6) to the syringe. 
Add internal standard (if used). Load the sample onto the purge and trap device and 
analyze as for aqueous samples. If less than 5uL of methanolic extract is to be added 
to the water, dilute the methanolic extract such that a volume greater than 5pL will be 
added to the water in the syringe. 

11.6. Liquid wastes that are soluble in methanol and insoluble in water. 

11.6.1. Pipet 2 mL of the sample into a tared vial. Use a top-loading balance. Record the weight 
to the nearest 0.1 gram. 

11.6.2.. Quickly add 7 mL of methanol, then add 1 mL of surrogate spiking solution to bring the - 
final volume to 10 mL. Cap the vial and shake for 2 minutes to mix thoroughly. For a 
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MS/MSD or LCS, 6 mL of methanol, 1 mL of surrogate solution, and 1 mL of matrix 
spike solution is used. 

11.6.3. Rinse a gas-tight syringe with organic free water. Fill the syringe with the same 
volume of organic free water as used in the calibrations. Add no more than 2% (v/v) 
(100 uL for a 5 mL purge) methanolic extract (from Section 8.5 or 8:6) to the syringe. 
Add internal standard (if used). Load the sample onto the purge and trap device and 
analyze as for aqueous samples. If less than 5uL of methanolic extract is to be added 
to the water, dilute the methanolic extract such that a volume greater than 5pL will be 
added to the water in the syringe. 

11.7. Aqueous and Low level Soil Sample Analysis (Purge and Trap units that sample directly 
from the VOA vial) 

11.7.1. Units which sample from the VOA vial should be equipped with a module which 
automatically adds surrogate and internal standard solution to the sample prior to 
purging the sample. 

11.7.2. If the autosampler uses automatic WSS injection, no further preparation of the VOA 
vial is needed. Otherwise the internal and surrogate standards must be added to the 
vial. Nofe: Aqueous samples with high amounts of sediment present in the vial may 
not be suitable for analysis on this instrumentation, or they may need to analyzed as 
soils. 

11.7.3. Soil samples must be quantitated against a curve prepared with standards containing 
about the same amount of sodium bisulfate as the samples (1 g in 5 mL). 

11.7.4. Sample remaining in the vial after sampling with one of these mechanisms is no 
longer valid for further analysis. A fresh VOA vial must be used for further sample 
analysis. 

11.7.5. For aqueous samples, check the pH of the sample remaining in the VOA vial after 
analysis is completed. 

11.8. Low-Level Solids Analysis using discrete autosamplers 

Note: This technique may seriously underestimate analyte concentration and must 
not be used except at specific client request for the purpose of comparability with 
previous data. It is no longer part of SW-846. 

This method is based on purging a heated sediment/soil sample mixed with sodium 
bisulfate solution containing the surrogate and, ifapplicable, internal and matrix spiking 
standards. Analyze all reagent blanks and standards under the same conditions as the 
samples (e.g., heated). The calibration curve is also heated during analysis. Purge 
temperature is 4oDC. 

c4v-a9 
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11.8.1. Do not discard any supematant liquids. Mix the contents of the container wirh a 
narrow metal spatula. 

11.8.2. Weigh out 5 g (or other appropriate aliquot) of sample into a disposable culture tube 
or otherpurge vessel. Record the weight to the nearest 0.1 -g. If method sensitivity is 
demonstrated, a smaller aliquot may be used. Do not use aliquots less than 1.0 g. rf 
the sample is contaminated with analytes such that a purge amount less than I.0 g. is 
appropriate, use the medium level method described in section 11.7. . 

I1 J.3. Connect the purge vessel to the purge and trap device. 

11.8.4. Rinse a 5 mL gas-tight syringe with organicfree water, andfill. Compress to 5 mL. 
Add surrogate/internal standard (and matrix spike solutions if required.). Add 
directly to the sample from 11.5.2. 

11.8.5. The above steps should be performed rapidly and without interruption to avoid loss of 
volatile organics. 

11.8.6. Add the heater jacket or other heating device and start the purge and trap unit. 

11.8.7. Soil samples that have low IS recovery when analyzed (<SO%) shot& be reanalyzed -~ 

once to con@m matrix effect. 

11.9. Initial review and corrective actions 

11.9.1. If the retention time for any internal standard in the continuing calibration changes by 
more than 0.5 minutes from the mid-level initial calibration standard, the 
chromatographic system must be inspected for malfunctions and corrected. Reanalysis 
of samples analyzed while the system was malfunctioning is required. 

11.9.2. If the internal standard response in the continuing calibration is more than 200% or 
less than 50% of the response in the mid-level of the initial calibration standard, the 
chromatographic system must be inspected for malfunctions and corrected. Reanalysis 
of samples analyzed while the system was malfunctioning is required. 

11.9.2.1. Any samples that do not meet the internal standard criteria for the continuing 
calibration must be evaluated for validity. If the change in sensitivity is a 
matrix effect confined to an individual sample reanalysis is not necessary. If 
the change in sensitivity is due to instrumental problems all affected samples 
must be reanalyzed tier the problem is corrected. 

11.9.3. The surrogate standard recoveries are evaluated to ensure that they are within limits. 
Corrective action for surrogates out of control will normally be to reanalyze the affected - 
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samples. However, if the surrogate standard response is out high and there are no target 
analytes or tentatively identified compounds, reanalysis may not be necessary. Out of 
control surrogate standard response may be a matrix effect. It is only necessary to 
reanalyze a sample once to demonstrate matrix effect, but reanalysis at a dilution should 
be considered. 

11.10. Dilutions 

If the response for any compound exceeds the working range of the GC/MS system, a 
dilution of the extract is prepared and analyzed. An appropriate dilution should be in the 
upper half of the calibration range. Samples may be screened to determine the 
appropriate dilution for the initial run. If the initial diluted run has no hits or hits below 
20% of the calibration range and the matrix allows for analysis at a lesser dilution, then 
the sample must be reanalyzed at a dilution targeted to bring the largest hit above 50% of 
the calibration range. 

Il. 10.1 .Guidance for Dilutions Due to Matrix 

.- 

If the sample is initially run at a dilution and the baseline rise is less than half the 
height of the internal standards, or if individual non target peaks are less thantwice 
the height of the internal standards, then the sample should be reanalyzed at a more 
concentrated dilution. This requirement is approximate and subject to analyst 
judgement. 

11.10.2.Reporting Dilutions 

The most concentrated dilution with no target compounds above the calibration range 
will be reported. Other dilutions will only be reported at client request. 

12. DATA ANALYSIS AND CALCULATIONS 

12.1. Qualitative identification 

An analyte is identified by retention time and by comparison of the sample mass spectrum 
with the mass spectrum of a standard of the suspected compound (standard reference 
spectrum). Mass spectra for standard reference may be obtained on the user’s GC/?vlS by 
analysis of the calibration standards or from the NIST Library. Two criteria must be 
satisfied to verify identification: (1) elution of sample component at the same GC 
retention time as the standard component; and (2) correspondence of the sample 
component and the standard component characteristic ions. (Note: Care must be taken to 
ensure that spectral distortion due to co-elution is evaluated.) 
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l The sample component retention time must compare to within * 0.2 min. of the 
retention time of the standard component. For reference, the standard must be run 
within the same twelve hours as the sample. 

l All ions present in the standard mass spectra at a relative intensity greater than 
10% (most abundant ion in the spectrum equals 100%) should be present in the 
sample spectrum. 

l The relative intensities of ions should agree to within GO% between the standard 
and sample spectra. (Example: For an ion with an abundance of 50% in the 
standard spectra, the corresponding sample abundance must be between 20 and 80 
percent.) 

12.1.1. If a compound cannot be verified by all the above criteria, but in the technical 
judgment of the analyst, the identification is correct, then the analyst shall report that 
identification and proceed with quantitation. 

12.2. Tentatively Identified Compounds (TICS) 

12.2.1. If the client requests components not associated with the calibration standards, a search 
of the NIST library may be made for the purpose of tentative identification. Guidelines 
XC -_ 

12.2.1.1. Relative intensities of major ions in the reference spectrum (ions > 10% of the 
most abundant ion) should be present in the sample spectrmu. 

12.2.1.2. The relative intensities of the major ions should agree to within 20%. (Example: 
If an ion shows an abundance of 50% in the standard spectrmn, the 
corresponding sample ion abundance must be between 30% and 70%). 

12.2.1.3. Molecular ions present in the reference spectrum should be present in the sample 
SpectlUItl. 

12.2.1.4. Ions present in the sample spectrum but not in the reference spectrum should be 
reviewed for possible background contamination or presence of coeluting 
compounds. 

12.2.1.5. Ions present in the reference spectrum but not in the sample spectrum should be 
reviewed for possible subtraction from the spectrum because of background 
contamination or coeluting peaks. (Data system reduction programs can 
sometimes create these discrepancies.) 
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12.2.1.6. Computer-generated library search routines should not use. normalization 
routines that would misrepresent the library or unknown spectra when compared 
to each other. Only after visual inspection of the sample with the nearest library 
searches should the analyst assign a tentative identification. 

12.3. Calculations. 

12.3.1. Response factor (RF): 

Equation 7 

Where: 

A, = Area of the characteristic ion for the compound to be measured 

Ak = Area of the characteristic ion for the specific internal standard 

Ch = Concentration of the specific internal standard, ng 

C, = Concentration of the compound being measured, ng 

12.3.2. Standard deviation (SD): 

Equation 2 

Xi = Value of X at i through N 

N = Number of points 

X = Average value of Xi 

12.3.3. Percent relative standard deviation (%RSD): 
Equation 3 

% RSD = Standard Deviation x loo 

iG 

- 
RFi = Mean of RF values in the curve 

fw- 33 
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12.3.4. Percent drift between the initial calibration and the continuing calibration: 

Equation 4 

%D~ih=c--c~dXIOO 

Where 

C aptia = Known concentration in standard 

Crov~d = Measured concentration using selected quantitation method 

.’ 

12.35 Target compound and surrogate concentrations: 

Concentrations in the sample may be determined from linear or second order (quadratic) 
curve fitted to the initial calibration points, or from the average response factor of the 
initial calibration points. Average response factor may only be used when the % RSD of 
the response factors in the initial calibration is 5 15%. 

12.351. Calculation of concentration using Average Response Factors 

Equation 5 

Concentration pg I L = X 
BF 

12.352. Calculation of concentration using Linear fit 

Equation 6 

Concentration pg 1 L = A + Bx 

12.353. Calculation of concentration using Quadratic tit 

Equation 7 

Concentration ,ug I L = A + Bx + Cx2 

x is defined in equations 8, 9 and 10 

A is a constant defined by the intercept 

B is the slope of the curve 

C is the curvature 
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12.354. Calculation of x for Water and water-miscible waste: 

Equation 8 

Where: I_ 

A. = Area of characteristic ion for the compound being measured (secondary 
ion quantitation is allowed only when there are sample interferences with the 
primary ion) 

Ah = Area of the characteristic ion for the internal standard 

I, = Amount of internal standard added in ng 

Dilution Factor = Dr = 
Total volume purged (mL) 

Volume of original sample used (mL) 

V, = Volume of water purged, mL 

12.355. Calculation ofx for Medium level soils: 

Equation 9 

Where: 

A., Is, Dr, Au, same as for water. 

Vr = Volume of total extra@ mL (Typically 25 mL) 

V. = Volume of extract added for purging, gL 

W, = Weight of sample extracted, g 

D= 
100 - %moisture 

100 

CLj-3s 
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12.3.5.6. Calculation ofx for Low level soils: 

Equation 10 

A., 16, Au, same as for water. 

D is as for medium level soils 

W, = Weight of sample added to the purge vessel, g 

12.3.5.7. Calculation of TICS: The calculation of TICS (tentatively identified compounds) 
is identical to the above calculations with the following exceptions: 

Ax = Area in the total ion chromatogram for the compound being measured 

Au = Area of the total ion chromatogram for the nearest internal standard 
without interference 

RF=1 

In other words, the concentration is equal to x as defined in equations 8.9 and 
10. 

12.3.6. MWMSD Recovery 
Equation 7 1 

Matrix Spike Recovery, % = “% !IR x 10 0 

SSR = Spike sample result 

SR = Sample result 

SA = Spike added 
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12.3.7. Relative % Difference calculation for the MSlMSD 

Equation 12 

Where: 

RPD = Relative percent difference 

MSR = Matrix spike result 

MSDR = Matrix spike duplicate result 

13. METHOD PERFORMANCE 

13.1. MethodDetectionLimit 

,.- 

Generally, each laboratory must generate a valid method detection limit for each analyte 
of interest. The MDL must be below the reporting limit for each analyte. The procedure 
for determination of the method detection limit is given in 40 CFR Part 136, Appendix B, 
and further defined in QA Policy #: QA-005. When non-standard compounds are 
analyzed at client request, lesser requirements are possible with client agreement. At a 
minimum, a standard at the reporting limit must be analyzed to demonstrate the capability 
of the method. 

13.2. Initial Demonstration 

Each laboratory must make a one time initial demonstration of capability for each 
individual method. Demonstration of capability for both soil and water matrices is 
required. This requires analysis of QC check samples containing all of the standard 
analytes for the method. For some tests it may be necessary to use more than one QC 
check mix to cover all analytes of interest. The QC check sample is made up at 20 pg/L. 
(Some compounds will be at higher levels, refer to the calibration standard levels for 
guidance.) 

13.2.1. Four ahquots of the QC check sample are analyzed using ihe same procedures used to 
analyze samples, including sample preparation. 

13.2.2: Calculate the average recovery and standard deviation of the recovery for each analyte 
of interest. The %RSD should be 5 15% for each analyte, and the % recovery should 
be within 80-120%. 
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13.2.3. If any analyte does not meet the acceptance criteria, check the acceptance limits in the 
reference methods (Table 6 of method 824OB, paragraph 8.3.5 of method 826OA). If 
the recovery or precision is outside the liits in the reference methods, the test must 
be repeated. Only those analytes that did not meet criteria in the first test need to be 
evaluated. Repeated failure for any analyte indicates the need for the laboratory to 
evaluate the analytical procedure and take corrective action. 

13.3. Training Qualification 1 

The group/team leader has the responsibility to ensure that this procedure is performed by 
an analyst who has been properly trained in its use and has the required experience. 

14. POLLUTION PREVENTION 

14.1. This method does not contain any specific modifications that serve to minimize. or prevent 
pollution. 

15. WASTEMANAGEMENT 

15.1. Waste generated in the procedure must be segregated and disposed according to the facility 
hazardous waste procedures. The Health and Safety Director should be contacted if -. 
additional information is required. 

16. REFERENCES 

16.1. SW846 Test Methods for Evaluating Solid Waste, Thud Edition, Gas Chroma- 
tography/Mass Spectrometry for Volatile Organics, Method 826OB, Update IIf, December 
1996 

17. MISCELLANEOUS 

17.1. Modifications from the reference method 

17.1.1. Ion 119 is used as the quantitation ion for chlorobenzene-d5 for 25 mL purge tests. 

17.1.2. A retention time window of 0.2 minutes is used for all components, since some data 
systems do not have the capability of using the relative retention time units specified 
in the reference method. 

17.1.3. The quantitation and qualifier ions for some compounds have been changed from 
those recommended in SW-846 in order to improve the reliability of qualitative 
identification. 
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17.1.4. Method 8260A recommends that the purge vessel is run through an additional purge 
cycle after 25 mL sample analysis to remove carryover. Instead, purge vessels are 
oven baked between analyses or disposable vessels are used one time only. 

17.15. SW-846 recommends that a curve be used for any analytes with %RSD of the 
response factors > 15%. However, some industry standard data systems and forms 
generation software cannot report this data with the necessary information for data 
validation. In addition most software available does not allow weighting of die curve 
Unweighted curves may exhibit serious errors in quantitation at the low end, resulting 
in possible false positives or false negatives. Therefore, this SOP allows used of 
average response factors if the average %RSD for all compounds is s 1.5%. 

17.2. Modifications from previous revision 

This SOP has ken substantiahy revised to reflect the changes included in Update lII to 
SW-846. Directions for method 524.2 and method 624 have also been added. 

17.3. Facility specific SOPS 

Each facility shah attach a list of facility-specific SOPS or approved attachments (if 
applicable) which are required to impIement this SOP or which are used in conjunction 
with this SOP. If no facility specific SOPS or amendments are to be attached, a statement 
must be attached specifying that there are none. 
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17.4. Flow diagrams 

17.4.1. Initial Demonstration and MDL 

calibration curve 

and compare to initial 
demonstration 

Optimize 
metbcd 

Yes r-5 stall sample 
analysis 



Determination of Volptue Amdytes by GUMS 
Based on Method 826OB, 624 and 524.2 

SOP No. CORP-MS-0002 
Revision No. 2 
Revision Date: U/15/97 
Page:41of66 

Table 1 

Qumterm F’rbmy SM and RepWing Limits 

Reponin~Limits’ 

CAS 5mLwater I 25mL I Lmvsoil I Med. Soil 

Methyl ten-buy1 ether (MTBE) 1 1634-04-4 1 20 5 20 loco 
I 1 5 250 

5 0.5 ,2.5 125 

1 5 I 250 
I I 

. . 
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Table 1 

Quntem Prbmy Standard a”d Reporti”g Umits 

I Reporting Liits’ 

CAS 5”lLwater 1. 25”lL I Lcwsd I Med. Soil 

I llL7T.R I N/A= 1 N/A I 50 I loo0 II 
I I”R.“Td I I” I 2 I 10 I 5txl II 
Ili-wan7I 5 I I I 5 I 250 I 

I lnnA14 I 5 I I I 5 I 250 II 

llnndxsl 5 I 1’1 5 I 250 I .- __l .-- 
J 

t-l .CDichloro-2-butene 110-57-6 5 1 5 250 

m and p Xylenes 2.5 0.5 2.5 125 

o-xykne 95-47-6 2.5 0.5 2.5 125 

Total xylenes 1330-20-7 5 1 5 250 d 
1,3-Dichlcwobe”zene 541-73-I 5 1 5 250 

1 .CDichlorobenzene m-46-7 5 1 5 250. 

1 ,ZDichlorobe”zene 95-50-l 5 1 5 250 

’ Reporting limits listed for soil/sediment are based on wet weight. The reporting limits calculated by the laboratoryfor 
calculated on dry weight basis, will be higher. 

2 2-Chlomthyl vinyl ether cannot be reliably recovered from acid preserved samples 

soikdiment, 

M-ra . 
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Table 2 

Qaanterra Primmy Standard Calibration Jmds, 5 mL. put-@’ 

- 
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Table 3 

Quantenn Appendix IX Standard amd Repmtin8 Limits, 5 mL. purge’ 

CA5 Reporting Liits 

Compound 5 mL Water 1 25 mL Low Soils MediumSoil 

’ ,&.ds for 25 ml. purge are 5 times lower in au cases 

’ Cyclohexatione decomposes to l.ldiithox~cyclohexane in methanolic solution. Repotting bits cannot lx accurately 
determined. 
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Table 5 

1,2-Dichlorobenzene 

-. 
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Table 6 

Reportable Amlytes for Qumtem Standard Tests, Appendix IX standard 
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Notes: 

1) 10 pL of the internal staodard is added to the sample. This resolu in a concentration of each internal in the sample of 
SO@L for a 5 mL purge or 10 pg/L for a 25 tnL purge. 

2) Except for medium level soils, the surrogate and internal standards may be combined in one solution 

Table 8 

u 

SuTogate compou”ds Standard Concentration 

Pg/mL 

Notes: 

1) 10 pL of the surrogate standard is added to the sample. This results in a concenaation of each surrogate in the sample of 
SC&q/L for a 5 mL purge or 10 rfi for a 25 mL purge. 

2) Except for medium level soils. the surrogate and internal standards may be combined in one solution. 

3) Recovery liits for surrogates are generated from historical data and are maintained by the QA department. 
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Table 9 

MatrisSpikeILCS Compollllas 

Compound Standard Concentration pg /mL 

1.1~Dichlomethene 25 

1) 10 pL of the standard is added to the LCS or matrix spiked sample. This results in a concentration of each spike malyte 
in the sample of 5OpgIL for a 5 mL purge or 10 pg/L for a 25 mL purge. 

2) Recovery and precision limits for LCS and MS/MSD are generated from historical data and are maintained by the QA 
dedartment. 

3) Full analyte spikes may also be used at the l&matories option or at client quest. 

Table 10 

BFB Key Ion Abundance Criteria 

Ion Abundance Criteria N 

50 15% to 40% of Mass 95 

75 30% to 60% of Mass 95 

95 Base Peak. 100% Relative Abundance 

II 96 I 5% to 9% of Mass 95 II 

173 LessThan2%ofMass174 

174 Greater Than 50% of Mass 95 

175 54bto94bofMass.174 
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Table 11 

SPCC Compounds and Minimum Response Factors 

I Compound 

l,l-Dichloroethme 0.300 O.loLl y 

Bromoform >0.100 >o.lOO 

1.1.2.2-TetncNoroethane 0.300 0.300 

Ii cblorobenzene I 0.300 I 0.300 II 

Table 12 

CCC compotmls 

Table 13 

Cbaracterislie ions 
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Table 13 

* The primary ion should be used for quatttitation unless interferences are present in which case a secondary ion may be used 

** m/z 43 may he used for quantitation of 2-Butanone, but m/z 72 muSt be present for positive identification. 
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18. SUMMARY 

This appendix lists modifications to the main body of the SOP that are necessary for analysis of 
drinking water by method 524.2. 

18.1. A target analyte list based on the list in method 524.2 is frequently requested for analysis by .’ 
method 8260B. Quanterra’s standard analyte list for this test, and the internal and surrogate 
standards used, are listed in Tables A-l to A-4 below. In all other respects the method is as 
described in the main body of this SOP. Note that this without the modifications listed in 
Section 19, the method is not appropriate for drinking water analysis by method 524.2. 

19s MODIFICATIONS REQUIRED FOR DRINKING WATER ANALYSIS BY 
METHOD 524.2 

19.1. This method can be applied to surface water, ground water and drinking water. 

19.2. Purge sample volume is normally 25 mL, but lesser volumes may be used if adequate 
sensitivity is obtained. 

19.3. Sample concentrations are calculated using initial calibration curve. 

19.4. Only one internal standard -- Fhtorobenzene -- is used for this method, and therefore all 
target analytes are assigned to it. 

19.5. A maximum of 25 ng of BFB is used for tuning for method 524.2 

19.6. BFB tuning criteria for mass 75 are 30-80% of mass 95. 

19.7. The recovery limits for the initial demonstration of capability are 80-120% with %RSD 
less than 20%. 

19.8. Initial calibration curve requirements: 

19.8.1. The number of calibration standards depends on the calibration range used. For a 
range of up to a factor of 20 (e.g. lug/L - 2O@L) a minimum of three standards are 
necessary. For a factor of up to 50 four standards are necessary, and for a factor of up 
to 100 five standards are necessary. 

19.8.2. All target compounds must have RSD 220%. 
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19.8.3. If this requirement can not be met, a regression curve must be constructed for the non- 
compliant compounds. There is no correlation coefficient requirement for the 
regression curve. 

19.9. Continuing calibration verification (CCV) requirements: 

19.9.1. All target compounds must have %D I 30%. 

19.9.2. The internal standards in each CCV must be over 70%.of the abundance fouhd in the 
CCV analysis immediately preceding it and over 50% of the calibration point in the 
initial calibration curve whose concentration matches that of the CCV. 

19.9.3. The same analysis run may be used to satisfy the requirements for an LCS (also 
known as a laboratory fortified blank, LFB) and a continuing calibration verification. 
The LCSKCV does not need to be a second source standard. 

19.10. Method clarifications, modifications and additions 

19.10.1 .Section 7.1 requires that the trap packing materials be Tenax GC, Methyl silicone, 
silica gel and coconut charcoal. Quanterra routinely employs the Supelco VOCARB 
3000, which consists of Carbopack B and Carboxen 1000 and 1001. 

19.10.2.Section 7.8.2 of the source method requires that each calibration standard be prepared 
by diluting the appropriate volume of the working standard with organic-free water 
adjusted to pH < 2 in a volumetric flask. Quanterra prepares calibration standards by 
diluting the the appropriate volume of the working standard with organic-free water in 
the gas-tight syringe that will be used to inject the sample into the purge and trap 
device. 

19.10.3.Sections 9.8 and 9.9 of the source method require that duplicate spiked blanks and a 
second-source initial calibration verification standard be analyzed at,least quarterly. 
Since some Quanterra do not normally analyze drinking waters samples, these QC 
samples will be analyzed only during the conduct of projects that require this method, 

Table A-l 

Quadma 8260 Drinking Water List Standard and Repmting Liits 

Compound 

Dichlorcdifluoromet 
Chloromethane 

CAS 5 mL water 25 mL. Low soil Med. Soil 
NlUllkI Pfi water Kg/L rglka wp/kg 
75-71-S 10 2 10 500 4~ 

74-87-3 10 2 10 500 
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Table A-l 

BromometJtane 

Vinyl chloride 

chloroetbatle 

Ttichlorofluor~metha 

Acetone’ 

I in I 

Methylene chloride 

1.1 -Dichloroethene ) 75-35-l 1 5 1 

1 .I-Dicbloroetbane I -lZ,“, < I 1 

nans-1,2-Dichloroethene 
methyl fen-buy1 ether WTBEI’ ’ IL’* w  ” ’ ‘n I s 

2,ZDichloropropane 

cis-1,2-Dichloroetbene I ,<L<O, 7s I “5 

1,2-Dichloroetbene flood) 

Chlorofoml 

Bromochloromethane 

1,2-Dichlorcethme 

++-I-- 250 

250 
, ,_1-m-, , _I I I 

) 156-60-5 ) 2.5 0.5 2.5 125 
I 

I 211 I II , ‘“z-f-~- , -v I , -_ 

( SW20-T ( 5 1 5 250 n 
I 2~5 I 

IJ”-Jz=-L - . _ I  “ ._  - ._  

540-59-o 5 1 5 250 

67-66-3 5 1 5 250 

74-9-l-5 5 1 5 250 

107-06-2 5 1 5 ~ 250 

74-95-3 5 1 5 ~ 250 

I 

~1 7rl I IMO , o-7=-2 LV _j -- ____ 

71-55-6 5 1 5 ~ 250 

56-23-5 5 1 5 ~ 250 

563-58-6 5 1 5 250 

Dibromomethane 

2-Butanone’ II 

75-274 5 1 5 ~ 250 Bromcdichloromethane 

1,2-Dichloropropane 78-87-5 5 1 1 

1,3-Dichloropropane ld,.,P-0 s 

cis-1,3-Dichloropropene 10061-Ol- 
< 

5 j : 

2SO ++-I+ 

,“-.“~- < I I 

1 79-m-5 1 5 1 5 250 R 
, . ~._ - I 

tmns-1,3-Dichloropropene 10061-02- 5 1 5 250 6 I 
Bromofortn 15-25-2 5 1 5 250 

4-Methyl-2-pentanone’ 108-10-l 20 5 20 .loDo 
2-Hexanone’ 591-78-6 20 5 20 1000 
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Qoaotem 8260 Drhkiq Water List Standard and Reporting Limits 

Not included on the method 524.2 analyte list, but includes in the calibration standard as an add on frequently 
requested by method 8260B. 

W-58 
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Table A-2 

Intermd Standards, Method 826OA Drinkiq water list 
!I 

standard Co”ce”uatio” Quantitation ion 

P.&-J- I 
Fluorohenze”e 2s 96 

chlorobem”ed5 25 119 

1,4-Dichlorobenzened4 25 152 

1) Fhmrobenzene only is used for method 524.2 

2) 10 pL of the internal standard is added to the sample. This results in a concentration of each internal in the sample of 
5opgL for a 5 mL purge or 10 &L for a 25 mL purge. 

3) Except for medium level soils, the surrogate and internal standards may be combiied in one solution. 

.Table A-3 

Sun-ognte SW Drinking water list 

Surrogate Compounds 

1.2-Dichloroben~ened4~ 

4-Bromofluombenze& 

I 8260B surrogate 

’ 524.2 surrogate 

1) 10 pL of the surrogate standard is added to the sample. This results in a concenwaion of each surrogate in the sample of 
sopg/L for a 5 mL purge or 10 pg/L for a 25 mL. purge. 

2) lkcept for medium level soils, the surrogate and internal standards may be combined in one solution. 
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Table A-4 

11 Trichlorofluoromethane 1 10 2 1 40 10 1 100 20 1 200 60 1 400 120 11 

II Acetone’ I I40 10 10 I~100 20 I 200 60 I 400 120 II 
Metbylene chloride 5 1 20 5 50 10 loo 30 200 60 

1 , 1-Dichloroethene 5 1 20 5 50 10 loo 30 200 60 

l,l-Dichloroethane 5 1 20 5 50 10 100 30 200 60 

tram-1,2-Dichloroethene 5 1 20 5 50 10 loo 30 200 60 

Methvl ten-butvl ether WTBE) 10 40 10 100 20 200 60 400 120 

II 2,2-Dichlorotxooane I 5 1 I 20 5 I 50 10 I 100 30 I 200 60 11 

I 5 1 I 20 5 I 50 10 I loo 30 I 200 60 11 

Chloroform 5 1 20 5 50 10 100 30 200 60 

Bromochlorometbane 5 1 20 5 50 10 100 30 200 60 

1,2-Dichloroetbane 5 1 20 5 50 10 100 30 200 60 

Dibromomethatte 5 1 20 5 50 10 100 30 200 60 

1 2-Butanone’ I I40 10 10 I 100 20 I200 60 I 400 120 ~~I 
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Table A-4 

II n-FmPYlbemne 

4-Chlorotoluene 

1 1,2,4-Ttimethylbenz.ene 
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1 

T&e A-4 

Quantem Drinldng water list Stnndprd: Calibration Levels 

Level 1 L.evel2 Level 3 Level 4 Level 5 

1.2-Dichloroknzene 

4-Isopropyltoluene 5 1 20 5 50 10 loo 30 200 60 

l-l-BUtVlk~ZXle 5 1 20 5 50 10 loo 30 200 6c.. 

’ Not included in the Quanterra Standard test. but included in the standard as a frequently requested add-cm 
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20. REQUIREMENTS FOR EPA 624 

20.1. Method 624 is required for demonstration of compliance with NPDES wastewater 
discharge permits. This method can be applied only to aqueous matrices. The standard 
analyte list and reporting limits are listed in Table B-l. 

20.2. The tune period for this method is defined as 24 hours. 

20.3. The initial calibration curve for this method requires at least three points. 

20.4. Sample concentrations are calculated using the average RRF from the initial calibration 
curve. 

20.5. Each target analyte is assigned to the closest eluting internal standard. 

20.6. Initial demonstration of Proficiency 

20.6.1. The spiking level for the four replicate initial demonstration of proficiency is 20 /@IL. 
The acceptance criteria are listed in Table B-2 

20.7. Initial calibration curve requirements: 

20.7.1. Target compounds must have RSD I 35%. 

20.7.2. If this requirement can not be met, a regression curve must be constructed for the non- 
compliant compounds. There is no correlation coefficient requirement for the 
regression curve. 

20.8. Continuing calibration verification requirements: 

20.8.1. The continuing calibration standard is from a different source than the initial 
calibration standard. The acceptance criteria are listed in Table B-2. 

20.9. Matrix Spike and LCS requirements 

20.9.1. The matrix spike and LCS are spiked at 20 pg/L. A matrix spike duplicate is not 
necessary for this method. The recovery limits for matrix spike and LCS recovery are 
listed in Table C-2. 

20.10. Method clarifications, modifications and additions 
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20.10.1.Section 5.2.2 of the source method describes the trap packing materials as Tenax GC, 
Methyl silicone, silica gel and coconut charcoal. Quanterra routinely employs the 
Supelco VOCARB 3000, which consists of Carbopack B and Carboxen 1000 and 
1001. 

20.10.2.Section 5.3.2 of the source method describes a packed analytical column. Quantetra 
routinely employs capillary coh&ns when performing this method. 

20.10.3.The source method provides a suggested list of compounds for internal and surrogate 
standards. Quanterra uses the following two compounds which are not on the table: 
Chlorobenzene-ds (internal standard) and 1,2-Difluorobenzene-& (surrogate). 

--. 
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Table B-l. 

Method 624 Analytes and Reporting Limits 

CL/-tG5- 
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I 
Analytes 

c 
Be”Z”e 
Bromodichloromethane 

Trichloroethene 

Table B-2. 

Method 624 QC Acceptance Criteria 

Dairy QC Dairy QC Meanreco"ery.4 Meanreco"ery.4 
check check replicate initial replicate initial 

acceptance acceptance demonstration demonstration 
criteria criteria acceptance criteria acceptance criteria 

(2Opg/L spike) (2Opg/L spike) (2OpgL spike) (2OpgL spike) 
12.8-27.2 12.8-27.2 15.2-26.0 15.2-26.0 
13.1-26.9 13.1-26.9 10.1-28.0 10.1-28.0 
14.2-25.8 14.2-25.8 11.4-31.1 11.4-31.1 
2.8-37.2 2.8-37.2 D-41.2 D-41.2 
14.6-25.4 14.6-25.4 17.2-23.5 17.2-23.5 
13.2-26.8 13.2-26.8 16.4-27.4 16.4-27.4 
7.6-32.4 7.6-32.4 8.4-40.4 8.4-40.4 
D-44.8 D-44.8 D-50.4 D-50.4 

13.5-26.5 13.5-26.5 13.7-24.2 13.7-24.2 
D-40.8 D-40.8 D-45.9 D-45.9 

13.5-26.5 13.5-26.5 13.8-26.6 13.8-26.6 
12.6-27.4 12.6-27.4 11.8-34.7 11.8-34.7 
14.6-25.4 14.6-25.4 17.0-28.8 17.0-28.8 
12.6-27.4 12.6-27.4 11.8-34.7 11.8-34.7 
14.5-25.5 14.5-25.5 14.2-28.5 14.2-28.5 
13.6-26.4 13.6-26.4 14.3-27.4 14.3-27.4 
10.1-29.9 10.1-29.9 3.7-42.3 3.7-42.3 
13.9-26.1 13.9-26.1 13.6-28.5 13.6-28.5 
6.8-33.2 6.8-33.2 3.8-36.2 3.8-36.2 
4.8-35.2 4.8-35.2 1.0-39.0 1.0-39.0 
10.0-30.0 10.0-30.0 7.6-32.4 7.6-32.4 
11.8-28.2 11.8-28.2 17.4-26.7 17.4-26.7 
12.1-27.9 12.1-27.9 D-41.0 D-41.0 
12.1-27.9 12.1-27.9 13.5-27.2 13.5-27.2 
14.7-25.3 14.7-25.3 17.0-26.6 17.0-26.6 
14.9-25.1 14.9-25.1 16.6-26.7 16.6-26.7 
15.0-25.0 15.0-25.0 13.7-30.1 13.7-30.1 

* * 14.2-25.8 14.2-25.8 14.3-27.1 14.3-27.1 
13.3-26.7 13.3-26.7 18.6-27.6 18.6-27.6 
9.6-30.4 9.6-30.4 8.9-31.5 8.9-31.5 
0.8-39.2 0.8-39.2 D-43.5 D-43.5 

6.1 I 53-149 
7.1 18-190 
<z I 20.1 v-3 
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1. SCOPE AND APPLICATION 

1.1 This method is suitable for the extraction and analysis of 
explosive residues (6330 components) listed below in water by high 
level and low level methods and in soil and sediment by High 
Performance Llquid Chromatography with Ultraviolet Detector 
(HPLC/UV) and with Trlple-Stage Quadrapole Mass Spectrometer 
(LC/TSP/MS). 

- 
Octahydro-1,3,5,7-tetranitro- 

1,3,5,7-tetrazocine (HHX, Octogen) 
1,3,5-trfnitrobenzene 
Hexahvdro-1.3.5-trinltro-1,3,5-triatine 

2.4,6-trinitrotoluene (TNT] _ 
Methyl-2,4,&tnmtropheny mtramine (TETRYL) 
Z,4-dinitrotoluene 
Z,&dlnitrotoluene 
2-Amino-4,6-Dinitrotoluene 
4-Amino-2,6-Dinitrotaluene 
Z-nitrotoluene (a-nitrotoluene) 
4-nitrotoluene (p-nitrotoluene) 
+itrotoluene (m-nitrotoluene) 

CAS No 

121-82-4 
99-65-O 
98-95-3 

118-96-7 
479-45-8 
121-14-Z. 
606-20-Z 

35572-78-2 
1946-$1-O 

88-72-2 
99-99-o 
99-08-l 

l.l.,l This method is NOT applicable for high concentrations of 
explosives In soil or waste samples. Method 8510 should be 
used to determine whether high concentrations of explosives 
are present In soil or waste samples. 

1.1.2 For HPLC/UV, the standard range for most of the 8330 
compounds is from 5.0 ng/mL to 1000 ng/mL, except for 1,3- 
dinitrobentene and 2,4-dinitrotoluene which are from 2.5 
ng/mL to 1000 ng/mL. in 25/75 0.1% acetic acid In 
acetonitrile/water, 



MAY.-05'98(TUEI 09:06 QUANTERRA C TEL:916 372 2140 P.003 

. 
Controlled Copy 
Copy No.- 

- 
SOP.No. SAC-LC-0001 
;;m:sron N;; 5.0 

Janu v 3. I99L 
Page 3 of 63 

1.2 This method 1s applicable for the extraction and anillysls of.8330 
compounds previously listed above and the following specialty 
explosives listed below by LC/TSP/MS. 

Nitroglycerine 
P&K Acid (2,4,GTrinitrophenol) 

+ki 
&89-l 
78-11-5 

1.2.1 

1.2.2 

1.2.3 

1.2.4 

1.2.5 

For LC/TSP/MS. the standard range is from 10 ng/mL to 1000 
ng/mL for 8330 components, nitroglycerin, and PETN, and 
from 20 ng/mL to 2000 ng/mL for picric acid in 20/60 
acetonitrile/O.ZM ammonium acetate containing 0.1% acetic 
acid. 

Aqueous samples for 8330 and specialty explostves can be 
extracted according to the low level or high level method, 
excapt for picric acid and nitroguanidine which are 
performed by the high level direct aqueous injection (DAI) 
method. 

. 

Soil samples for 8330 and specialty explosives can be 
extracted with 0.1% acetic acid in acetonltrile according 
to 8330 soil method except for picric acid which results in 
poor recovery. 

Excellent recoveries for plcric acid can be obtained from 
soil by extracting with 0.1% hydrochloric acid in 10% - 
acetonitrile/water, however, this is not suitable for 2- 
amino-4.6-dinitrotoluene and 4-amino-2,6-dinitrotoluene 
which degrade rapidly. 

With the addftion of acetic acid in the extracting solvent 
and in the standard solutions, TETRYL has been stable for 
months without affecting the other nitroaromatlcs and 
nitramines. 
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1.3 This method is also suftable for the extraction and analysis of. 
nitroguanidine in water and In sol1 by HPLC/UV. 

comtlo d 
Nitrog&idine 

CAS No 
556-88-7 

1.3.1 The standard range for nitroguanidine by HPLC/UV is from 
0.05 ug/mL to 2.0 ug/mL In SO/20 acetonitrile/water. 

1.3.2 Nitroguanfdine ts not extractable from water, but water 
samples are diluted with acetcnitrile and analyzed by DA1 
on the HPLC/UV. 

1.3.3 Nftroguanidine fs extractable from soil as per 8330 soil 
with 0.1% acetic acfd fn acetonitrile. 

2. SUNNARY OF M5iHOO 

,.-. 2.1 Aqueous samples are efther extracted and analyzed by the high level 
or the low level method, and analyzed by HPLC/Ub' or by LC/TSP/MS. 

2.2 Aqueous samples for the high level method can be performed by DAI, 
where the samples must be analyzed within 7 days of sampling, or by 
the salting-out method or by solfd phase extraction (SPE) where the 
extraction is performed within 7 days of sampling and analyzed 
within 40 days of extraction. 

2.2.1 

2.2.2 

2.2.3 

There Is no extraction of aqueous samples for 
nftroguanidine except by OAI; samples are aliquotted, 
diluted with acetonftrile to extend the analytical hold 
time, filtered and ~analyzed by HPLC/UV. 

Picric acid is performed by the high level DA1 method; 
samples are aliquotted, diluted in awnnonium acetate, 
filtered, internal standards are added, and the sample is 
analyzed by LC/TSP/MS. 

Most other components can be performed by tha high level or ' 
the low level saltfng-out'method or SPE method. 

CY’ 70 
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The high level salting-out method and the high level SPE 
method are similar to the low level methods where the 
volume of the samples and reagents'aro downscaled 
approximately 10 to 1 with higher fortification levels. 

Aqueous samples for the low level salting-out method are performed 
by saturating the water sample with sodium chloride and extracting 
with acetonitrlle several times. The volume of the acetonitrile 
extracts are reduced by re-extracting with salt water, and adjusted 
to 5.0 mL. The extracts are diluted 1:3 before analysis. For 
HPLC/UV the extracts are diluted in water, and for LC/TSP/MS the 
extracts are diluted in 0.2 H ammonium acetate and internal 
standards are added. 

Aqueous samples for the low level SPE method are performed by 
passing water samples through Porapak RDX cartridges, where the 
components are absorbed to and eluted from with 0.1% acetic acid 
acetonitrile. The eluants are diluted with water for HPLC/UV or 
with 0.2 M ammonium,acetate and internal standards added for 
LC/TSP/MS. 

in 

This method is NOT applicabie for high concentrations of explosives 
in soil or waste samples. 

Soil and sediment samples that appear to be non-homogeneous and are 
not suspicious are air dried, ground to a finer texture, and sieved 
through 30 mesh. A subsample is extracted for 8330, 
nitroguanidine, nitroglycerine, and PETN by using 0.1% acetic acid 
in acetonitrile in a cooled ultrasonic water bath for 18 hours, 
aliquotted. treated with calcium chloride solution (except for 
LC/MS), filtered, and analyzed by HPLC/UV or by LC/TSP/MS. 

2.6.1 

2.6.2 

. . 

Acetic acid at 0.1% In acetonitrile improves the stability 
of TETRYL, but gives poor recoveries for picric acid in 
soil. 

Picric acid is extracted from soil with 0.1% hydrochloric 
acid in 10% acetonftrile/water in a cooled ultrasonic water 
bath for 16 hours, filtered, aliquotted, internal standards 
added, and analyzed by LC/TSP/MS. 

c4 -7/ 
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2.7 The 8330 extracts for HPLC/UV are analyzed on a C-N reverse phases 
column with UV detection at 250 nm and confirmed on a Cyano (CN) 
column using reverse phase conditions and UV detection at 250 nm, 
or on a C-Q reverse phase column by LC/TSP/MS. 

2.8 The extracts may be analyzed and confirmed by LC/TSP/MS using a C-Q 
reverse phase column. 

3. DEFINITIONS 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

Interference - an obstruction or contamination at a similar 
retention time as the compound of interest. 

Method Blank (M6) - A single control sample using similar 
controlled matrix in a set or batch for monitoring and to 
demonstrate that the reagents and solvents used are free from 
method interferences. 

Laboratory Control Samples (LCS) - A single control sam le using 
similar controlled matrlx and fortified with target f ana ytes. 

Duplicate Control Samples (DCS) - A LCS performed in duplicate and 
fortified with target analytes. 

. 

Internal Standard - A compound efther may be similar or not similar ,.. 
to the target analytes and may be isotopically labelled, is added 
to the final extracts to afd In determfning that a valid fnjection 
has been made and may be used in the quantitation. 

Matrix Spike (MS) - A single sample in a set or batch either 
selected at random or selectively choosen and fortified with target 
analytes. 

i;t;ix Spike Duplicate (MSD) - A matrix spike performed In 
D icate and fortified with target analytes. 

Surrogate - A compound similar to the target analytes, may be 
isotopically labelled, to demonstrate the e,fficiency,of the 
extraction on the sample. 

-., 
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3.9 Low Level method - Aqueous samples to be extracted according to the 
low level method for lower reporting limits of approximately 0.1 to, 
1.0 ng/mL (ppb). 

3.10 High Lava1 method - Aqueous samples to be extracted according to 
the high level method for higher reporting limits of approximately 
4.0 to 14 ng/mL (ppb). NOTE: Explosive components are not very 
soluble in water, thus. there is no danger of possible re: 
crystalization and becoming dangerously explosive. 

INTERFERENCES 

4.1 Glassware must be cleaned and dried, free from interference. 

4.2 The solvents and reagents used in the extraction and analysis of 
nitroaromatics, nltramines. and specialty explosives must be free 
of interference. 

SAFETY 

Procedures shall be carried out in a manner that protects the health and 
safety of all Quanterra associates. 

5.1 Eye protection that satisfies ANSIZ87.1 (as per the Chemical 
Hygiene Plan), laboratory coat, and appropriate gloves must be worn 
while samples, standards, solvents, and reagents are being handled. 
Disposable gloves that have been contaminated will be removed and 
discarded; other gloves will be cleaned immediately. {VITON gloves 
may be worn when halogenated solvents are used for extractions or 
sample preparation. Nitrila gloves may be used when other solvents 
are handled. [Note: VITON is readily degraded by acetone; all 
solvents will readily pass through disposable latex rubber 
gloves.]] 

5.2 The health and safety hazards of many of the chemicals used in this 
procedure have not been fully defined. Additional health and 
safety information can be obtained from the MSDS flies maintained 
in the laboratory. The following specific hazards are known: 

i 

cq-73 
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Chemicals that have been classified as carcinogens, or 
potential carcfnagons, under OSHA include methylene 
chloride (used primarily in the rinsing of glassware). 

Chemicals known to be flaasaable are acetone, acetonitrile, 
hexane, methanol, n-propanol, and tetrahydrofuran. 

Tetrahydrofuran is known to be explosive as it forms 
explosive peroxides on prolonged storage. 

Explosive standards in this method are secondary 
explosives, As neats, they are by nature unstable 
materials and they must be stored according to 
manufacturer's directions, preferrablp wet; However, if the 
standards are not purchased as neats but as solutions at 
low concentrations in organic solvents, safety hazards is 
minimized as compare to neats. 

Chemicals known to be corrosive are acetic acid and 
hydrochloric acid. 

Heartng protection may be recommended when ultasonlc 
digestion is carried out. 

5,3 Exposure to chemicals must be maintained as low as reasonably 
achievable, therefore, unless they are known to be non-hazardous; 
all samples must be opened, transferred and prepared in a fume 
hood, or under other means of mechanical ventilation. Solvent and 
was~te containers will be kept closed unless transfers are being 
made. 

5.4 The preparation of standards and reagents (and glassware Cleanin 
procedures that involve solvents such as methylene chloride} wil 9 
be conducted in a fume hood with the sash closed as far as the 
operations will permit. 

5.5 All work must be stopped in the event of a known or potential 
compromise to the health and safety of a Ouanterra associate. The 
situation must be reported ironedlately to a laboratory supervisor. 
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The toxicity or carC'ina -nlcity of each reagent used. in this method 
has not been precisely ifined; however, from this viewpoint; 
exposure to these them; 11s must be reduced to the lowest posslble 
level by whatever means available. A reference file of Material 
Safety Data Sheets [WC for chemicals used or encountered in this 
procedure should be ant .re made available to all personnel 
involved in the chemica analysis. 
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Each chemical compound ii. St be treated as a potential heatth 
hazard, especially when ne components are considered extremely 
explosive and should be ept wet in small ouantities. All the 
compounds in this methor are either used in the manufacturing of 
explosives or are the de:radation products of compounds usad in the 
manufacturing of explosijes. Treat each compounds as if it were 
extremely explosive when handling and preparing stock solutions for 
calibration. 

Soil samples having as high as 2% TNT can be safely ground. 
Samples containing higher levels should not be ground. Lumps of 
material that have a chemical appearance should be suspect and not 
ground. Explosives are generally a very finely ground grayish- 
white material. 

5.6.1 Soil samples may be screened or tested before grinding if 
they. are suspected ta contain high levels of explosives 
using the TNT/RDX Soil Extraction Pac. Follow the 
manufacturer's instructions. 

6. EQUIPMENT ANU SUPPLIES 

6.1 Balances - Top 1oading;capable of accurately weighing to the 
nearest a.ai gram. Analytical, capable of accurately weighing to 
the nearest O.QOQI gram. 

6.2 Centrifuge. 

6.3 Filter assembly, &mm. 0.45 urn pore size PTFE filters, such as 
Gelman Acrodisc #421g. 

w-75- 
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Liquid chromatograph 

- 6.4.1 HPLC/UV i High Performance Liquid Chromatography with an 
Ultraviolet Detector. An analytical system complete with 
sample injection loop, analytical columns, a UV detector, 
and data system. A guard column is not used. See section 
12.7, 12.8, and 12.9 for the appropriate HPLC conditfans. 

6.4.2 LC/TSP/MS - Liquid Chromatography/Thermospray/Mass 
Spectrometer. An analytical system complete with sample 
injection loop, analytical columns, a triple-stage 
quadrapole mass spectrometer, and data system. See section 
12.10 for LC/TSP/MS conditions. 

Mesh sieve and pan, brass or stainless steel, mesh size # 30. 

Mortar and pestle, ceramic. 
. 

Recirculator cooler. --\ 

Spatula, stainless steel, or equivalent. 

Stirring bars, magnetfc. 

Stlrring plate. magnetic. 

Syringe, ~-CC and lo-cc disposable. 

Temperature controlled ultrasonic water bath. 

Test tubes, 8-mL and 16-mL, glass with teflon-lined screwcap. 

Vials. 40-mL. glass with teflon-lined screwcap. 

Volumetric flask, IOO-mL and 1000LmL. 

I 

. . 1; 
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7. REAGENTS AND SOLVEtJTS 

All preparations of reagents and solutions are entered in the Reagent Prep 
Notebook. 

7.1 Acetic acid, Glacial, Reagent grade. 

7.2 

72 

7.4 

7.1.1 Acetic acid in acetonitrile. 0.1% v/v. 

Acetone, pesticide quality. 

Acetonitrile, HPLC grade or equivalent. 

Ammonium acetate, HPLC grade or equivalent. 

,-- 7.5 

7.6 

7.7 

7.4.1 Ammonium acetate, 0.2 H and 4 M (aqueous). 

Calcium chloride, CaC12, aqueous solution; 1.3 grams/lfter in 
distilled water. 

Hexane. pesticide quality. 

Hydrochloric acid, concentrated, reagent grade. 

7.8 

7.9 

7.10 

7.11 

7.7.1 Hydrochloric acid in 10% acetonitrile/water, 0.1% v/v. 

Methanol, HP.LC grade or equivalent. 

Methylerie chloride, pesticide quality. 

n-Propanol, HPLC grade or equivalent. 

ROX/TNT Soil Extraction Pat, II TECH product, Accustandard catalog # 
EM-TK-lOIllS-1 or equivalent. Each kit contains materials to 
perform four tests. 

7.12 Sodium chloride, reagent grade. . 

7.12.1 Salt water; 325 grams of sodfum chloride in 1 liter of HPLC 
grade water (distllled water may be used for 8330 by 
l.C/TSP/MS). 

. 
. . - 

L4-77 
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7.13 Tetrahydrofuran (THF), HPLC grade or equivalent. 

7.14 Water, distilled. 

7.15 Water, HPLC grade or equivalent. 

8. STANDARDS 

8.1 Stock standards and solutions may be prepared from standard 
materfals or purchased as certified solutions. Al7 standard 
preparations must be entered in the standards prep log (see 
Appendix 1). 

A prepared mix solution of the 8330 components at 1.0 mg/mL in 
acetonitrile/methanol (1:l) is used for the preparation of 
fortification and analytical solutions. They are obtained from EM 
Science, Accustandard, Ultra Scientific, or other reputable source. 
The mix solutions from Accustandard and Ultra Scientific contained 
14 components at 1.0 mg/mL, and expires in approximately one year 
if properly stored. Once the ampule is broken and the unused 
portion transferred to an amber vial, sealed with teflon-lined 

'screwcap, and stored in the freezer, this solution Is good for up 
to 30 days. 

8.1.1 Prepare a 50 ug/mL mix solution in 0.1% acetlc acid in 
acetonitri.7e from the primary mix standard above. Replace 
the solution after 30 days. 

8.1.2 Prepare a 5.0 ug;mL mix solution from the 50 ug/mL mix 
solution from above in 0.1% acetic acid in acetonitrile. 
Replace the solutions after approximately 2 weeks. 

8.1.3 Both solutions above are stored in the freezer in the dark 
and at -10 0C or less. These solutions are also used for 
fortification of samples. 

8.2 Standards must be reviewd for expiration dates at least monthly. 
All expired standards must be rotated out of the laboratory to the 
HazWaste storage area far disposal per the CHP. 

? 

.i.“,. 
__..:_ 

.  
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8.3 Surrogate for HPlC/UV. 

8.3.1 Several chemicals listed below can be used as surrogate. 

I-Chloro-3-nitrobenzene (CAS No. 121-73-3) 

2,4-Dinitrofluorobenzene (CAS No. 70-34-E) 

NOTE: Both compounds resolve from the 8330 analytes on the. 
C8 analytical column, but only 2,4-dinitrofluorobenzene 
resolves from the 8330 analytes on the cyano confirmation 
column. Depending on the manufacturer and lot of the cyano 
column, I-chloro-3-nitrobenrene co-elutes with RDX or with 
3-nitrotpluene. 

8.3.2 Prepare a stock solution from neat (obtained from Aldrich) 
at approximately 1.0 mg/mL in acetonitrile. Store the 
stock solution in the refrigerator and replace the stock 
after 1 year. 

8.3.3 Prepare the surrogate solution from stock at 50 ug/mL in 
acetonitrile. Stare the solution in the freezer and 
replace every six months. 

a.4 Surrogate for LC/TSP/MS; d5-nitrobenrene (CAS No. 4165-60-B) 

8.4.1 Prepare a stock solution dg-nitrobenzene from neat 
(obtained from CIL) at approximately 1.0 mg/mL in 
acetcnitrile. Store the stock solution in the refrigerator 
and replace the solution after 1 year. 

a-4.2 Prepare the surrogate solution from stock at 50 ug/mL in 
acetonitrile. Store the solution in the freezer and 
replace every six months. 

b-79 
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a.5 Analytical Curve for 6330 HPLWV. 

8.5.1 The analytical curve is prepared from.the 5.0 ug/mL 8330 " .' 
mix solution and the 50 ug/mL surrogate solution at the 
following concentrations in 25:75 0.1% Acetic acid in 
acetonitrile:HPLC grade water. 

k%%lx * 
510 

+i 
i5 

% +3 -% 6 500 i+G ng/mL 
Surrogate 50 100 150 -- -- 

Level T1 standard is the lowest level used for 1.3- 
dinftrobenzene. 2,4-dln~tratoluene. and the surrogate 
whereas the others used level 1 standard in the initial 
calibratfon for the HPLC/lJV. 

Store the solutions In the refrigerator and replace every 
z;,ays. TETRYL is stable when properly stored with acetic 

,... 
6.5.2 A continuing calibration standard is prepared from the 5.0 

ug/mL 8330 mix solution and the 5.0 ug/mL surrogate 
solution at 25 ng/mL with the surrogate at 100 ug/mL in 
25:75 of 0.1% acetic acid in acetonitrile:HPLC grade water. 
Store the solution In the refrigerator and replace every 45 
days. 

8.6 Nitroguanidine is prepared from neat (obtained from Aldrich or them 
Service) at approximately 1.0 mg/mL in acetonitrile. Store the 
stock solutlon in the refrigerator and replace after 1 year. 

8.6.1 Prepare nitroguanidine at 50 ug/mL and 5.0 ug/mL from the 
1.0 mg/mL stock in acetonitrile. Store the solutlons in 
the refrigerator and replace after six months. These 
solutions can also be used for fortification of samples. 

-  

.  

.  X. 
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Prepare the analytical curve for HPLC/UV from the 50,ug/.mL 
standard at the following concentrations in 6O:ZO 
acetonitrilc:water. Store the solutions in the 
refrigerator and replace after three months. 

SPECIALTY EXPLOSIVES (SPEX) - Nitroglycerine, picric acid, and PETN 
are received as solutions at 0.10 mg/mL or at 1.0 mg/mL in ethanol, 
methanol, or acetonitrlle (obtained from EM Science, Accustandard, 
Ultra Scientific. or other reputable source). 

8.7.1 A mixture of nitroglycerine, picric acid, and PETN 
(NGl/PA/PETN) is prepared at 20/20/10 ug/mL in 
acetonitrile. Store the solution In the freezer and 
replace the solution after 6 months. This solution can 
also be used for fortification of samples. 

Internal Standards for LC/TSP/NS; 

d3-Z,&Oinitrotoluene (CAS No. 606-20-2) and dq-1,3- 
dinitrobenzene (CAS No. 99-65-O) 

8.8.1 Prepare individual stock solutions of d3-2.6dinitratoluene 
and da-1,3-dinitrobenzene from neats (obtained from CIL) at 
approximately 1.0 mg/mL in acetonitrile. Store the stock 
solutions in the refrigerator and replace after 1 year. 

6.8.2 Prepare an internal standard mix of d3-2,6-dinitrotoluene 
and d4-1,3-dinitrobentene solution at 10 ug/mL in 
acetonitrile. Store the solution in the refrigerator and 
replace after 6 months. 

Analytical Curve for LC/TSP/MS. 

a.9.1 The 6330 and specialty explosives (SPEX) analytical curve 
IS prepared at the following concentrations listed below in 
z:a acctontrile:0.2H ammonium acetate containing 0.1% 
acetic acid. 



MAY. -05’ 98 ITUEI 09:09 QUANTERRA C TEL:916 372 2140 

,- Controlled Copy 
Copy No.- 

P. 016 

saicr 
SOP No. SAC-LC-0001 
;;;Qsion No.* 

nuarv . 199 
Page & of 63 

ii!%+ -k - 20 .- 5:o 1OOOi/mL 5 - 
NGl 20 la0 200 1000 2000 
PA 20 
PETN :: 'El 

200 1000 2ooc 
100 500 1000 

d6-NE 100 150 200 250 
d3-DNT 
d4-DNB :i :i 

50 
2 

50 
50 50 

where the 8330 mix is the 14 components, NGl is 
nitroglycerin, PA is picric acid, d5-NB is the surrogate 
d5-nitrobenzene, and d3-DNT and d4-ONE are the internal 
standards d3-2,6-dinitrotoluene and dq-1.3-dinitrobenzene. 

8.9.2 Store the solutions in the refrigerator and replace after 
six months. TETRYL is stable when properly stored with 
0.1% acetic acid. 

8.10 Reference Standards 

8.10.1 

8.10.2 

8.10.3 

Prepare reference standards to verify the quality of the 
fortification solutions and analytical standards above. 

Reference standard is any standard solution made from a 
source other than the stock standard. Reference standard 
may be from the EPA, the manufacturer, or from another 
reliable source. 

If the secondary source is not available, a separate 
intermediate stock solution will be made from the same neat 
by another chemist or from a neat with a different lot 
number. 

9. SANPLE COLLECTION, PRESERVATION. CONTAINERS, AND HOLDING TIMES 

9.1 Aqueous samples are collected fn amber glass bottles with teflon- 
lined caps and iced or refrigerated at 2 - 6 oC from the time of 
collection untll analysis.. 

-. 

. . - . . . . . . . __-- 
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9.2 

9.3 

9.4 

Aqueous samples for the high level method must be aliquotted. 
filtered, and diluted within 7 days of sampling or extracted within 
7 days and analyzed within 40 days from extraction. 

9.2.1 If aqueous samples ara not diluted in organic solvent, then 
the samples must be analyzed by DA1 within 7 days of 
sampling. 

Soil samples are collected in glass jars with teflon-lined caps and 
iced or refrigerated at 2 to 6 ot and covered from sunlight from 
time of collection until extraction. 

Soil samples for 8330 and specialty explosives are to be air dried, 
finely 

P 
round and sifted, and extracted within 14 days of sampling 

and ana yzed within 40 days of extraction. 

9.4.1 Soil and sediment samples'should be air dried until there 
is no visible appearance of moisture at room tempprature or 
cooler after collection. Successful grinding and sifting 
verifies dryness. While it is possible to analyze wet soil 
samples, it is much more difficult to obtain a homogeneous 
subsample on a wet sample. 

9.4.2 If wet soil samples are to be analyzed, a moisture 
determination must be made on a separate subsample (refer 
to SOP YLM-CAL-3055, "Determination of Percent Moisture (or 
Percent Solids)"). 

QUALITY CONTROL 

10.1 A set or batch is a group of samples processed at the same time and 
by the same technique. 

10.2 Any methods blanks (MB) and.control samples should be subjected to 
the same analytical procedures as those used on the actual samples 
at the same time. 

10.2-l A minimum of one method blank per batch or every twenty 
samples is required, whichever is more frequent. 
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The MB for aqueous samples consists 
for sol1 samples consists of Ottawa 
sampla prep with the samples. 

of distlllad water and 
sand taken through the 

10.3 Laboratory Control Samples (LCS) are required and must be prepared 
for every 20 samples of each matrix, where MS/MS0 are performed in 
tha.batch. 

10.3-l 

10.4 Matrix 
batch. 

10.4-l 

Duplicate Control Samples (DCS) are requiredwith every 
batch where MS/MS0 are not included. 

LCS and DCS for water samples consists of distilled water 
and for soil samples consists of Ottawa sand fortified and 
taken through the sample prep wfth the samples. . 

5pika (MS) and Matrix Spike Duplicate (MSD) are required per 

The MS/MS0 consists of two equal aliquots of a specified 
sample and are fortified at the same concentrations as the 
LCS or at client's request. 

10.5 The surrogate Is added to all samples In the batch, including the 
MB, LCS, DCS, MS. MSD, and Duplicates. 

11. CALIBRATION AND STANDARDIZATION 

11.1. A fixed injdctfon volume is used for quantitation purposes and is 
to be the same far both the ~sample and standards. 

11.2 Initial Calibration - A minimum of five analytical standards of 
different analyte concentrations are used to generate the curve. 

11.2.1 On the HPLC/UV for 8330 and for nitroguanidine analysis, 
the inltlal calibration is injected once to obtain the peak 
height for each analyte at each concentration, and the 
response factor is calculated using the following formula 
(from VG Multichrom data system): 

Rf - (peak height)/(analyte concentration) 



MAY.-05' 98(TUEI 09:09 QUANTERRA C TEL:916 372 2140 

,,- 

.- Wrooled Copy 
-- 

P.019 

SOP No. SAC LC 0001 
Revision No:; 
Date drv 3. 1996 
Page 19 Of 53 

11.2.2 The average response factor (Rfa) and the percent relative 
standard deviation (X RSD) is determined for each analyte. 
The average response factor is the summation of the Rf/n 
where n is the number of data points (n = 5 for five 
levels). 

11.2.3 The initial calibration is valid for each anal@ when the 
% R.$D is equal to or less than 20%; linearity can be 
assumed and the average response factor can be used in 
place of a calibration curve (on the HPLCW). 

11.2.3.1 If the % RSO is greater than 20 %, then the 
cause must be determined to bring the system 
back in control before the samples are analyzed, 
and the systems must be recalibrated. 

11.2.4 On the LC/TSP/MS for 8330 and specialty explosives, the 
initial calibration curve'is generally injected at the 
beginning of the batch to obtain the area counts for each 
analyte at each concentration, and the response factor is 
calculated uslng the following formula (on Finnigan DEC 
Station 5000 data system): 

Ris 
pq I ,4- x ----- 

Rs Cis 

where Cs is the concentration of the standard in ng/mL, 
Us is the area count of the standard 
Cis is the.concentration of the internal standard, 
Ris.is the area count of the internal standard. 

11.2.5 The average response factor (Rfa) and the percent relative 
standard devlation (X RSO) is determined for each analyte, 
and the initial calibration Is valid for each analyte when 
the X RSD Is equal to or less than 30%; linearity can be 
assumed and the average response factor can be used in 
place of a calibration curve (on the LC/TSP/MS). 

11.2.5.1 If the % RSD is greater than 30 X, then the 
cause must be determined to bring the system 
back in control before samples are analyzed, and 
the system must be recalibrated. 

.I_ 

.,7-w 
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11.2.6. All units used In the calculations must be consistently 
uniform, such as concentration in ng/mL and response in '. 
area or height counts. 

11.3 Calibration Criteria - On the HPLC/UV, at the beginning of the 
batch, the continuing calibration standard is injected singly to 
determine the concentration-for each analyte using the rasponse 
factors from the Initial calibration. The value calculated 1s 
compared to the expected value and should be equal to or less than 
15% to be valid, and the samples may be analyzed. 

11.3.1 

11.3.2 

11.3.3 

11.3.4 

11.3.5 

The continuing calibration standard is the midpoint 
standard, and throughout the run it is the same. 

If the continuing calibration standard is out of control, 
another injection of the continuing calibration standard 
may be injected singly to determine if it is back in 
control. If it's still out of control, then either the 
midpoint standard has degraded or the column has degraded 
and a new initial calibration is needed. 

The initial calibraton curve is valid if the continuing 
calibration standard injected at the beginning of the 
analytical batch holds within the 15% criteria. 

11.3.3.1 Minimally, if the 15% criteria is met, a five 
point curve is performed each year. However, the 
typical life of the column for 8330 by HPLC/UV 
is approximately two months of continuous use. 

Calibration Criteria on the LC/TSP/MS - At the beginning of 
the batch, the initial calibration standards are injected 
to obtain the average respose factor for each analyte and 
the % RSD is calculated. If the % NSD is equal to or less 
than 25% then the initial calibration is valid and the 
analytical batch is analyzed. 

A continuing calibration standard is injected at the 
beginning and singly for every 10 samples or less, and at 
the end of the batch for HPLC/UV and LC/TSP/MS. 

-c 

. 
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The single injections of the continuing ca-libration. 
standard on the HPLC/UV must be within I5% of tha.expected, 
;;;.I; based on the Rpa from the Initi,al calibration to.be 

On the LC/TSP/MS the continuing calibration standard must 
be wfthin 25% of the expected value from the initial 
calibration. 

One time procedural variations are allowed only if deemed necessary in the 
professional judgment of a supervisor to acconunodate variation in sample 
matrix, sample size, or other parameters. Any variation in procedure 
shall be completely documented using a Nonconformance Memo and approved by 
a Technical Specfalist and QA Manager. If contractually required, the 
client shall be notified. The Nonconformance Memo shall be filed in the 
.project file. 

Any unauthorized deviations from this procedure must be documented as a 
nonconformance, with a cause and corrective action described. 

NOTES: If Direct'Aqueous Injection can not be performed within the 7 day 
holding time far the high level 8330 and specialty explosives then 
the hold times canbe'extended by performing the salting-out method 
or the SPE.method, however, the high level salting-out method and 
the SPE method are not applicable for nitroguanidine and picric 
acid. 

The SPE method for 8330 has been approved by the USACOE and may be 
used Tn place of the salting-out method. 

12.1 HI6H LEVEL method by DAI; for nitroguanidine (NGu), 8330, and 
Specialty Explosives (SPEX). 

12.1.1 Label the sample ID with the appropriate sufflx '8330-H-A'. 
'SPEX-H-A', 833O/SPEX-H-A, and 'NGu-A'. 

12.1.2 Plpet 10 mL water sample into a IS-mL screwcap test tube. 

For control, use distilled water or HPLC grade water. 

.  

.  

-  . . - “ ,  
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12.1.3 Add the surrogate to the samples, including the method 
blank, IJCS. LCS. and MS/HSD. 

12.1.3.1 Surrogate is not applicable for nitroguan:dine. 
The surrogates used for HPLC/UV and LC/TSP/MS do 
not inferfere with the analysis. 

12.1.3.2 For 8330 by HPLC/UV, add 20 UL of the 50 ug/mL 
surrogate to the 10 mL water samples to yield 
100 ppb (DO NOT ADD d5-Nitrobenzene as it 
interferes with nitrobenzene on HPLCW). 

12.1.3.3 For 8330, 8330/SPEX, or SPEX by LC/TSP/NS, add 
40 UL of the 50 ug/mL dS-Nitrobenzene standard 
to the 10 ml water samples to yield 200 ppb. 

12.1.4 Add the splktng solutlon if applicable. 

12.1.4.1 For nitroguanidine, add 160 UL of the 50 ug/mL +. 
nitroguanidine solution to the 10 mL water 
samples to yield GO0 ppb. 

12.1.4.2 For 8330 by HPLC/UV, 
8330 mix solution to 
yield 50 ppb. 

12.1.4.3 

method blank, LCS/OCS. and MS/MSD. 

12.1.5.1 Transfer the water sample into a lo-cc 
disposable syringe fitted with a 25-mm PTFE 0.45 
urn filter on the syringe tip and press the 
plunger . Collect the sample into another 16-mL 
screwcap test tube. 

c.4 -8-g 

.; 
.d-_. 
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For 8330 by HPLC/UV, the extracts are ready foffa$ys~is- 
The final sample concentration is IOmL/IOmL. 
extracts are to be split for another test, then aliquot the 
required amount of the lO/lO into a separate 8-mL test 
tubes for other test. 

12.1.6.1 Store the 8330-H-A extracts in the freezer until 
ready for analysis by HPLC/UV; This analysis 
must be completed within 7 days of sampling. 

For Nltroguanidine (NGu-A), aliquot 1.0 mL of the lo/IO 
water sample into an 8-mL test tube and dilute with 
acetonitrile to final volume of 4.0 mL (a I:3 dilution). 
Mix the contents well. 

12.1.7.1 Store.the Ntu-A extracts in the freezer until 
ready for analysis by HPLC/UV. The final 
concentration is 1.0 mL/4,0 mL, and the analysis 
is to be completed within 40 days from dilution 
with acetonitrile. 

For 8330 by LC/lSP/HS and Specialty Explosives (SPEX-A), 
alfquot 2.0 mL of~the lO/lO water sample into an 8-mL test 
tube. Add 100 UL of 4 Ij ammonium acetate, 10 uL of 
internal standard mix of d3-2,6-ONT and d4-1,3-ON9 at 50 
ng/mL, and mix the contents well. The final sample 
concentration is Z.OmL/Z.ImL. except for the LCS/DCS and 
MS/MS0 is 1.9mL/2.lmL. 

12.I.S.I Store the extracts in the freezer.untll ready 
far analysis by LC/TSP/MS. 

12.2 NIGH LEVEL salting-out method for 8330 and specialty explosives. 

This method is not applicable far nitroguanidine or picric acid - 
use DAI. 

12.2.1 Label the sample tape with the.appropriate suffix '8330-H- 
A' or 'E330/SPEX-H-A'. 

12.2.2 Measure 77.0 mL of water sample by weight into a 
specialized lOO-mL volumetric flask, 

-: 
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12.2.2.1 For control, use HPLC grade waterfor 8330 bye 
HPLC/UV or distilled water for 8330 by 
LC/TSP/HS. 

12.2.3 Add surrogate'to each sample, Ng. LCWCS, and NS/7fSN. 

12.2.3.1 Far 8330 by HPLC/UV, add 100 uL of the 50 ug/mL 
surrogate solution to the 77 mL water samples to 
yield 65 ppb. 

12.2.3.2 For a330/SPEX by LC/TSP/MS, add 200 UL of the 50 
ug/mL dS-Nitrobenzene solution to the 77 mL 
water 'samples to yield 130 ppb. 

12.2.4 If applicable, fortify the LCS/UCS. and MWSU with the 
appropriate spiking standards. 

12.2.4.1 For 6330-HPLC/UV, add 77 uL of the 50 ug/mL 8330 
mix standard to the 77.0 mL water samples to 
yield 50 ppb. 

12.2.4.2 For 83301SPEX by LC/TSP/MS, add 77 ul. of the 50 
ug/mL 8330 mix and 0.40 mL of the 20/20/10 ug/mL 
NGl/PA/PETN mix to yield 50 ppb for 8330 mix and 
100/100/50 ppb for SPEX. 

12.2.5 Add 25.1 grams of sodium chloride (t O.Z:grams) to each 
water sample in the specialized volumetr7c flasks, 
including the control and spikes. Add the stir bar and mix 
the contents at maximum speed on a magnetic stirrer until 
the salt dissolves. 

12.2.6 Add I6 mL of acetonitrlle while the solution Is being 
stirred and stir for approximately 5 minutes at high speed. 
An efficient stirring ts observed when the acetonitrtle 
layer is vortexing in the water sample. 

12.2.7 After stirring for 5 minutes, allow the phases to separate 
to determine if any acetonitrile 1s recoverable. 
Occasrionally there Is little or no acetonitrile layer 
vistble but the sample is not lost. Add an extra 1 to 3 ml. 
of acetonitrtle. and stir the solution again. 

12.2.8 After stirring for 5 minutes, check again to determine if 
acetonitrile ts recoverable if extra volume had been added. 
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If there is sufficient uolume of acetonitrile (2 to 4,mL), 
continue to stir for an additional 15 minutes (total time 
approximately 20 minutes). 

When the stirring is completed, turn off stirrer and allow 
the phases to separate for a minimum of 10 minutes. 

Carefully transfer the upper acetonitrile phase to an 8-mL 
test tube with a Pasteur pipst. 

Extract the aqueous sample once more with another 1 to 2 ml. 
of acetonitrile (but do not exceed a total of 5 mL when 
combined), stir at high speed for 15 to 20 mlnutes followed 
by 10 minutes for phase separation. Combine the second 
acetonftrile portion with the initial extract. 

Carefully adjust the final volume to 5.0 mL wrth 
acetonitrile - NO nltrogen.blowdown permitted. 

Add 5 UL of concentrated acetic acid to each to stablixe 
TETRYL. and mix the contents well. 

Filter the extract through a 25-mn PTFE 0.45 urn fflter 
assembly using a lo-cc disposable syringe into another 6-mL 
test tube. 

The acetonitrile extracts are stored in the freezer. A 
dilution of l/IO is required for analysis to obtain a final 
concentrationof.,77mL/50mL - see below. 

12.2.16.1 

12.2.16.2 

For HPLC/lJV, dilute 0.4 mL of the extract with 
3.6 mL distilled water in an 4-mL vial when 
ready for analysis. 

For LC/TSP/MS, dilute 0.4.mL of the extract with 
3.6 mL distilled water in a 4-mL vial. Add 20 
uL of the internal standard mix d3-DNT/d4-DNB, 
seal with a teflon-lined screw cap and mix well. 
Store the extracts in the freezer until ready 
for analysis by LC/TSP/MS. 

,c . . 
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12.3 NIGH LEVEL SPE Method - EXTRACTION ON THE ZYNARK ADTOTRACE 
WORKSTRTION 

12.3.1 Label the sample ID with the approprlate suffix '8330-H-A'. . 

12.3.2 QC’S setup (ME, DCS, LCS, and NS/MSD) for Zymark AutoTrace 
SPE 

i2.3.2.1 Far MB, DCS, and LCS, use HPLC grade water for 
8330 by HPLC/UV or distilled water far 8330 by 
LC/TSP/MS. 

12.3.2.2 If requested, control water supplied by the 
client may be used for MS/MSD. See section 
12.3.4.1 below if sample contains sediments or 
suspended particulates. 

12.3.2.3 Heasure 100 mL of water sample by weight into an 
8-02 glass bottle for QC's. 

12.3.3 If applicable, fortify the DCS, LCS, and MS/flSD. 

12.3.3.1 For 8330 by HPLC/UV, add 100 uL of the 50 ug/mL 
8330 mix to the 100 mL water samples to yield SO 
wb. 

12.3.3.2 Far 833O/SPEX by LC/TSP/HS, add 100 UL of the 50 
ug/mL 8330 mix to yield 50 ppb and 500 uL of the 
ZO/ZO/lO ug/mL NGl/PA/PETN mix to yield 
100/100/50 ppb In the 100 mL water samples.. 

12.3.4 Measure 100 ml of aqueous samples by weight intaglass 
bottles in order to be able to add the surrogate to the 
samples. 

12.3.4.1 If the water sample contains sediments or 
suspended partfcles, separate'the particulates 
by centrifuging, filtering, or by decanting into 
a cleaned I-L amber glass'bottle. 

- 
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Add.surrogate to each sample, Hg,'DCS, LCS, and MS/MSD. 

12.3.5.1 for 8330 by HPLC/UV, add !OO UL of the 50 ug/mL 
surrogate solutfon to the 100 mL water samples 
to yield 50 ppb. 

12.3.5.2 For 8330 and 833O/SPEX by LC/TSP/HS, add 250 UL 
of the 50 ug/mL d5-Nitrobenzene standard to the 
100 mL water samples to yield 125 ppb. 

pi a qhq of each'sample bottle, 
including the QC*s (with the screw caps on). 

Samples ready for extraction by the Zymark Autotrace SPE. 

The program for the Autotrace SPE workstation must be set 
up using the PC computer with the following parameters on a 
3.5" disk. 

Use the disk - 8330-A. and edit the sample volume to 80 mL. 

Below Is an overview of the program. Whenever the method 
is modified, edit and update the method on a 3.5 inch disk. 

stap 1: Process 6 samples using the following procedure: 

Step 2: Condition column with 10 mL of acetonitrile into 
SOLVENT WASTE 

Step 3: Condition column with 5 mL of acetonitrile into 
SOLVENT WASTE 

Step 4: 
WASTE 

Condition column with 5 mL of water Into AQUEOUS 

Step 5: Condition column with 5 mL of HOAc/water 0.1% into 
AQUEOUS WASTE 

Step 6: Load 80 mL of sample onto column 

Step 7: Rinse column with 5.mL of HOAc/Water 0.1% into 
AQUEOUS WASTE 

_- i 

CL/- 93 
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step 8: Dry c01um-1 with gBS for 0.5 minutes 

Step 9: Wash syrtnge with 5 mL of HOAc/MeCN 0.1% 

Step TO: Collect 5 rn~ fraction into sample tube using 
HOAc/MsCN 0.1% 

Step 11: END 

FLOW RATES 
Conditioning flow 15.0 mL/min 
Load flow 10.0 mL/mln 
Rinse flow 20.0 mL/min 
Elute flow 5.0 mL/min 
Conditioning Air Push 15.0 mL/min 
Rinse Air Push 20.0 mL/mln 
Elute Air Push .5.0 mL/min 

SPE PARAMETERS 
Push Delay 5 set 
Air Factor 1.0 
Autowash Volume 1.00 mL 

WORKSTATION PARAMETERS 
Maximum Elution Volume 12.0 mL 
Exhaust Fan an Y Y-Yes N-No 
Beeper on Y Y-Yes N-No 

NANE SOLVENTS 
Solvent 1 water 
Solvent 2 methanol 
Solvent 3 acetoni~trile 
Solvent 4 HOAc/Water 0.1% 
Solvent 5 HOAc/NeCN 0.1% 

HOAc/Water = acetic acid in water, 0.1% v/v 
HOAc/MeCN = acetic acid in acetonitrlle, 0.1% v/v 
gas - compressed,atr or nitrogen 

NEVER USE ACETONE ON THE ZYMARK AUTOTRACE SPE. 

-... 
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12.3.10 After the system is completed, the screen displays "program 
completed". Move the extracts aside and seal them with a 
teflon-lined screw cap. Remave the.SPE columns and discard 
them, and record the final mass of the sample bottles and 

12.3.11 

caps. 

Run the 'Cleaning Sample Lines program' to clean sample 
lines, using emptied columns. 

12.3.12 

12.3.13 

12.3.14 

12.3.15 

After the lines are cleaned, either continue wfth the next 
set of samples ar turn off the Zymark - place the sample 
lines in a plastic bag: 

Adjust the final volume to 5.0 mL with acetonltrile, and 
add 5 UL of concentrated acetic acid to stablize TETRYL. 
The extract concentration is 80 ml/5 mL. 

m the contents well, and m the acetonittlle extract 
through an Acrodisc LCZS filter assembly using a lo-cc 
disposable syringe 4nto a new test tube. DO NOT READJUST 
THE VOLUME. 

The acetonitrile extracts are stored in the freezer. A 
dilution of l/10 is requfred for analysis to obtain a final 
concentration of 80mL/50mL. 

12.3.15.1 

12.3.15.2 

For HPLC/UV, dilute 0.4 mL of the extract with 
3.6 mL of distilled water fn an 4-mL vial when 
ready for analysis. 

For LC/TSP/HS. dilute 0.4 mL of the extract with 
3.,6 mL of 0.2 M ammonium acetate in a 4-mL vial. 
Add 20 UL of the internal standard mix d3- 
DNT/d4-ONE, seal with a teflon-lined screw cap 
and mix the contents well. The extracts are 
stored In the freezer until ready for analysis 
by LC/TSP/HS. 

. . 
.& 
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The efficiency of extraction depends on the size of the stirring 
bar, the speed of the magnetic sttrrer. and the design of the 
volumetric flask as the extraction vessel. 

It is imperative that the amount of water sample, the mass of the 
sodium chloride, and the amount of acetonitrile be ACCURATELY 
measured and used as,specified in this method. 

12.4.1 Label the sample tape with the appropriate suffix '6330- 
LOW-A' for 8330 by HPLC/UV or 6330/SPEX-LOW-A for 8330 and 
specialty explosives by LC/TSP/MS. - 

12.4.2 Measure 770 mL of water sample into a IOOO-mL volumetric 
flask by weight. 

12.4.2.1 For control, use HPLC grade water for 8330 by 
HPLC/UV or dfstilled water for 8330 by 
LC/TSP/MS. 

12.4:3 Add surrogate to each sample, MB, DCS, LCS, and MS/MSU. 

12.4.3.1 For 8330 by HPLC/UV, add 40 UL of the 50 ug/mL 
surrogate Solution to the 770 mL water samples 
to yield 2.6 ppb. 

12.4.3.2 For 8330/SPEX by LC/TSP/MS, add 80 UL of the 50 
ug/mL standard of d6-Nitrobenzene to the 770 mL 
water samples to yield 5.2 ppb. 

12.4.4 If applicable fortify the OCS, LCS, and the MS/MSO. 

12.4.4.1 For 8330 by HPLC/UV, add 77 UL of the 5.0 ug/mL 
8330-Mix standard to the 770 mL water samples to 
yield 0.50 ppb. 
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12.4.4.2 For 533O/SPfX by LC/TSP/MS, add 77 UL of the 5.0' 
ug/mL 8330 mix and 77 uL of the 20/20/10 ug/mL 
NGI/PA/PETN mix to the 770 ml water samples to 
yield 0.50 ppb on the 8330 mix and 2.0/2.0/1-O 
ppb on the SPEX mix. 

Add 251.4 grams of sodium chloride (2 0.2 grams) to each 
water sample in the volumetric flasks, including the 
control and spikes. Carefully add the stir bar and mix the 
contents at maximum speed on a magnetic stirrer until the 
salt dissolves. 

Add 164 mL of acetonitrile (measured with a 250~mL 
graduated cylinder) whfle the solution is being stirred and 
stir for an additional 15 to 20 minutes at high speed. An 
efficient stirring is observed when the acetonitrile layer 
is vortexing in the water sample. 

When the stirring is completed, turn off stirrer and allow 
the phases to separate for a minimum of 10 minutes. 

Carefully transfer the'upper acetonitrile phase about 8 
5 mL) to a IOO-mL volumetric flask containing the /5 inch 

stirring bar with a Pasteur pipet. 

12.4.8-l The amount of acetonitrile recovered should be 
approximately 6 to 10 mL. A larger volume could 
be indicative of inefficient vortexing of the 
extraction solvent into the water sample. 

Extract the aqueous sample once more with another 8 to 10 
mL of acetonitrile, stir at high speed for 15 to 20 minutes 
followed by 10 minutes for phase separation. Combine the 
second acetonitrile portion with the initial extract in the 
lOO-mL volumetric flask. The inclusjon of a few drops of 
salt water at this point is not important. 

12.4.10 Add 84-85 mL of salt water (325 g sodium chloride per LOO0 
mL of distilled water) to the extracts in the 100-mL 
volumetric flask and stir the contents on the maonetic 
stirrer for 15 to 20 minutes at high speed. Again, an 
efficient stirring is observed when the acatonltrile layer 
is vortexing in the salt water. 
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12.4.10.1 After stirring for 5 minutes, allow the phases ~. 
to separate to determine if any acetonitrile is " 
recoverable. .Occasslonally there is little or 
no acetonitrile layer visible but the sample is 
not lost. Add an extra 1 to 4 mL of 
acetonitrile, and stir the solution again. 

When the stirring is* completed? turn off stirrer and allow 
the phases to separate for a mlnimum of IO minutes. 

Carefully transfer the upper acetonitrile phase (about 3 to 
4 mL) to an 6-mL test tube with a Pasteur pipet (and 
minimize the amount of water being transferred with the 
acetonitrile). 

Extract the salt water once more with another 1.0 mL of 
acetonitrile, stir at high.speed for 15 to 20 minutes 
,followed by 10 minutes for phase separation. Combine the 
second acetonitrile portion with the initial extract in the 
test tube 

12.4.13.1 If the volume of acetonitrile from the first 
extraction in the 8-mL test tube is less than 4 
mL, then use 1 mL of acetonitrile on the second 
extraction (not to exceed 5.0 mL final'vnlume). 

12.4.13.2 

12.4.13.3 

If the volume of acetontrile is over 4 mL, use 
less acetonitrile; do not exceed 5 mL. 

If the volume of pcetonitrile is over 5 mL.. 
proceed with the second extraction wlth 1 mL 
acetonitrile. then transfer the combined 
acetonitrile in another lOO-mL volumetric flask 
quantitatively with acetonitrile rinses, and 
proceed with steps 12.4.10 to 12.4.13 to reduce 
the volume. 

Carefully adjust the volume to 5.0 mL with acetonitrile (NO 
nitrogen blowdown permitted), and add 5 uL of concentrated 
acetfc acid to stablize TETRYL. Mix the contents well. 

. 
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12.4.15 Filter the extract through a 25-w PTFE 0.45 urn filter 
assembly using a lo-cc disposable syringe into,another 8-mL 
test tube. 

12.4.16 The acetonftrfle extracts are stored in the freezer. A 
dilution of l/4 is requfred for analysis to obtain a final 
concentration of 770mL/ZOmL. 

12.4.16.1 For HPLC/UV, dilute 1.0 mL of the extract with 
3.0 mL of distilled water in an 8-mL test tube 
when ready for analysis. 

12.4.16.2 For LC/TSP/MS, dilute 1.0 mL of the extract with 
3.0 mL of 0.2 M ammonium acetate in a 4-mL vial. 
Add 20 uL of the Internal standard mix d3- 
DNT/d4-DNB, seal with a teflon-lined screw cap 
and mix the contents well The extracts are 
stored in the freezer .unt;l ready for analysis 
by LC/TSP/MS. 

12.5 LOW LEVEL SPE method - EXTRACTION ON THE ZYNARN AUTOTRACE 
WORKSTATION 

SPE column, 6-mL, 500 mg Porapak RDX Cartridges, Waters Catalog 
WAT047220, or equivalent. number 

12.5.1 

12.5.2 

Label the sample tape with the appropriate suffix '8330- 
LOW-A' or '8330/SPEX-A'. 

OC's setup (MB, DCS, LCS, and MS/MSD) for Zymark AutoTrace 
SPE 

12.5.2.1 For MB, DCS, and LCS, use HPLC grade water for 
8330 by HPLC/UV or distilled water for 8330 by 
LC/TSP/MS. 

12.5.2.2 

12.5.2.3 

If requested, control water supplied by the 
clfent may be used for MS/MSD. See section 
12.5.4.1 if sample contains sediments or 
suspended particulates. 

Measure 900 mL of water sample by weight into a 
I-L amber glass bottle for QC's. 

.- 
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12.5.3 

12.5.4 

12.5.5 

12.5.6 Weigh and record the Initial mass of the sample bottles, 
including the QC's (with the screw caps on). 

12.5.7 Samples ready for extraction by the Zymark Autotrace SPE. 

12.5.8 The program for the Autotrace SPE workstation must be set 
up using the PC computer with the following parameters on a 
3.5" disk. 

If applicable, fortify, the DCS, LCS, and MS/HSO. 

12.5.3.1 For 8330 by HPLC/UV, 
8330.Mix standard to 
yield 0.5 ppb. 

SOP No. SAC-LC-0001 
Revision No. 5 0 
Date mj&dJi!L 
Page 34 of _63 

add 90 UL of the 
the 900 mL.water 

- - 

5.0 ug/ml 5.0 ug/ml 
samples t samples t 

of the 5.0 of the 5.0 12.5.3.2 For 833g/SPEX by LC/TSP/MS, add 90 UL 
ug/mL 9330 Mix standard and 90 UL of the 
20/20/10 ug/mL NGl/PA/PETN Mix to the 900 mL 
water samples to yield 0.5 ppb on the 8330 and 
2/2/l ppb on NGl/PA/ and PETN. 

Measure 900 ml of aqueous samples'by weight into glass 
bottles in order to be able to add surrogate to the 
samples. 

12.5.4.1 If the water sample contajns sediments or 
suspended particles, the samples must be 
separated from its particulates by centrifuging 
or by decanting into a cleaned 1-L amber glass 
bottle. 

Add surrogate to each sample. MB, DCS,'LCS. and MS/MSO. 

12.5.5.1 For 8330 by HPLC/UV, add 45 UL of the 50 ug mL 
surrogate solution to the 900 mL water samp c es 
to yield 2.5 ppb. 

12.5.5.2 .For 8330 by LC/fSP/MS, add 100 UL of the 50 
ug/mL d5-nitrobqnzene standard to the 900 mL 
water samples to yield 5.6 ppb. 

- 

.,.. 

‘..> 

.  .  .  .  
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Below is an overview of the program. Whenever the method 
is modified. edit and update the method on a 3.5 inch disk. 

Step 1: Process 6 samples using the following procedure: 

Step 2: Condition column with 
SOLVENT,WASTE 

Step 3: Condition column with 
SOLVENT WASTE 

Step 4: Condition column with 
WASTE 

Step 5: .Condition column w.ith 
AQUEOUS WASTE 

Step 6: Load 800 mL of sample onto column 

10 mL of acetonitrile into 

5 mL of acetonltrile into 

5 mL of water into AQUEOUS 

5 mL of HOAc/water 0.1% into 

Step 7: Rinse column with 5'mL of HOAc/Water 0.1% Into 
AQUEOUS WASTE 

Step 8:,Dry Column wlth gas for 0.5 minutes 

Step 9: Wash syringe with 5 mL of HOAc/MeCN 0.1% 

Step 10: Collect 5 mL fraction into sample tube using 
HOAc/MeCN 0.1% 

Step 11: END 

FLOW RATES 
Conditioning flow. 
Load flow 
Rinse flow 
Elute flow 
Conditioning Air Push 
Rinse Air Push 
Elute Air Push 

15.0 mL/min 
10.0 mL/min 
20.0 mL/min 

5.0 mL/min 
15.0 mL/min 
20.0 mL/min 

5.0 mL/min 

c 4-/o/ 
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12.5.10 

12.5.11 

12.5.12 

12.5.13 

12.5.14 

SPE PARAMETERS 
Push Delay 
Air Factor 
Autowash Volume 

WORKSTATION PARAMETERS 
Maximum Elutian Volume 
Exhaust Fan an 
Beeper on 

NAME SOLVENTS 
Solvent 1 
Solvent 2 
Solvent 3 
solvent 4 
Solvent 5 

5 set 

i:iO mL 

water 
methanol 
acetanitrile 
HOAc/Water 0.1% 
HOAc/MeCN 0.1% 

HOAc/Water - acetic .acid in water, 0.1% v/v 
HOAc/MeCN - acetic acid in acetanitrlle, 0.1% v/v 
gas - compressed air or nitrogen. 

NEVER USE ACETONE ON THE ZYMARK AUTOTRACE SPE. 

Zymark Autotrace process time for six samples is 
approximately 124 minutes. 

Before starting far the day, solvent lines should be purged 
by loading the solvent purging program. Check the solvents 
and replace the solvents if necessary. 

The sample lines should have been in a plastic bag, 
indicating the lines have been cleaned with methanol 
fallowed by distilled water from the Cleaning Sample Lines 
program. 

Set the SPE columns in place and depress the plunger. Once 
in place the green light should be on. 

Set the receiving vessels (test tubes) in place. Be sure 
the first sample is an your left and the sixth sample on 
your right. 

-\ 

-. 
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X2.5.15 Check the solvents - rep!ace if neccessary, and set the 
samples in its place. 

12.5.16 Check the waste containers (Aqueous and Organic) and 
replace if necessary. Do NOT allow waste.containers to 

12.5.0 

12.5.18 

12.5.19 

12.5.20 

12.5.21 

12.5.22 

12.5.23, m the acetonitrlle extract through an Acrodisc LC25 
filter assembly using a lo-cc disposable syringe into a new 
test tube. DO NOT READJUST THE VOLUME. 

overflow. 

Load the program '8330-A' in the disk drive of the Zymark 
Autotrace, and press Load. 

When the disk has been loaded, the Zymark Autotrace is 
ready to start. Follow instructions displayed on the screen 
"Press CON1 to start" if ready to start. 

After the system is completed, the screen dtspl.ays "program 
completed". Move the extracts aside and seal them with 
t&Ion-lined screw caps. Remove the SPE columns and 
discard them, and record the final mass of the sample 
bottles and caps. 

Run the 'Cleaning Sample Lines program' to clean sample 
lines; using emptied columns. 

After the lines are cleaned, either continue with next set 
of samples or turn off the Zymark - place the sample lines 
in a plastic bag. 

u the final volume to 5.0 mL with acetonitrile, and 
& 5 uL of concentrated acetic acid to stablize TETRYL. 
Nix the contents well. The extract concentratfon is 
ROOmL/5mL. 

12.5.24 The acetonitrile extracts are stored in the freezer. A 
dilution of l/4 is required for analysis to obtain a final 
concentration of DOOmL/20mL. 

c 4 -103 
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For HPLC/UV, dilute 1.0 mL of the extract with : 

3.0 mL of distilled water in a 4-mL vial when 
ready for analysis. 

For LC/TSP/HS, dilute 1.0 mL of the extract with 
3.0 mL of 0.2 M ammonium acetate in a 4-mL'via1. 
Add 20 ul of the internal standard mix d3- 
DNT/d4-DNB, seal with a teflon-lined screw cap 
and mix the contents well. The extracts are 
stored in the freezer until ready for analysis 
by LC/TSP/HS. 

12.6 Soil/Sediment Samples. 

NOTE: 

12.6.1 

12.6.2 

12.6.3 

12.6.4 

Do lypI grind samples containing high concentrations of 
explosives. Lumps of material that have a chemical 
appearance should be suspect and not ground. Explosives 
are generally a very finely ground grayish-white material. 

Subsample approximately 20 to 50 grams of soil into a 16-02 
wide mouth jar for drying. 

If the samples do not appear homogeneous and not 
susp.icious., dry the samples in a cool, ventilated area and 
away from direct light. DO NOT HEAT the samples. 

12.6.2.1 If samples do appear suspicious, stop work and 
consult with the project manager and client 
regarding to possible high levels of explosfves. 

After the samples are dried, grind thoroughly in mortar 
with pestle (both items previously rinsed with acetonitrile 
and dried). 

Sift the sample through a sieve size 30 mesh. rf samples 
are not to be extracted on the same day, store the sifted 
so.il in.the freezer and protect from light. 
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12.6.5 

12.6.6 When the extractions are to be performed, turn on the 
recirculator cooler to cool the ronication bath to 
operating temperature (5 to 25 oC). The sonicator bath 
generates heat when the sonication bath is on. 

12.6.7 Weigh 2.0 grams of homageneous soil into a 40-mL vial. 

12.6.8 

SOP No. SAC-LC-0001 
gR;lfsioti No. 5;O 

ilanuarv . 19% 
Page -3% of 63 

Label the sample tape with "6330-S' for 6330 by HPLC/UV. 
"NGU-S" for Nitroguanidine. 'SPEX-S" for specialty 
explosives (Nitroglycerine, PETN, and Picric Acid), and 
8330/SPEX-S for 6330 mix and specialty explosives by 
Lc/TSP/MS. 

12.6.5.1 Label the sample tape with 'PA-S' for picric 
acid as this is a separate extraction. 

12.6.7-l For control, use Ottawa sand. If a larger 
sample size is desired, then the ratio of sample 
to solvent must be consistent to 1 gram/5 ml. 

12.6.7.2 For picric acid, weigh out a separate set. 

Add surrogate to each sample, MB, DCS, LCS, and MS/MSD. 

12.6.8.1 No surrogate is used for the nitroguanidine 
analysis. 

12.6.8.2 

12.6.8.3 

12.6.8.4 

For 6330 by HPLC/UV, add 60 UL of the 50 ug/mL 
surrogate solution to each 2.0 gram soil sample 
to yield 2.0 ppm. 

For 63SO/SPEX and SPEX by LC/TSP/MS, add 200 UL 
of the 50 ug/mL d5-Nitrobenzene standard to each 
2.0 gram soil sample to yield 5.0 ppm. 

For picric acid, add 50 UL of the 50 ug/ml d5- 
Nitrobenzene standard to each 2.0 gram soil 
sample to yield 1.25 ppm. 

.  

. ”  , . . ,  :i . , .  
. ,  . . , .  ,_.. i:--&j 
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12.6.9 

12.6.10 

12.6.11 

If applicable, fortify the DCS/LCS, and MS/MSD. 

12.6.9.1 

12.6.9.2 

12.6.9.3 

12.6.9.4 

12.6.9.5 

SOP No. c L 0001 
Ra"lsio~o: I:0 
Date mrv 3. 1996 
Page 40 of 63 

For nitro uanidine, fortify-at 1.0 ppm with 
Nitroguan dine 3 by adding 40 uL of the 50 uq/mL 
standard to the 2 gram sample. 

For 8330-HPLC/UV, fortify at 1.0 ppm with 8330 
mix by adding 40 uL nf the 50 ug/mL standard to 
the 2 gram sample. 

For 8330 by LC/TSP/MS, fortify at 2.0 ppm with 
9330 mix by adding 80 UL of the 50 ug/mL 
standard to the 2 gram sample. 

For SPEX-LC/TSP/MS. fortify at 5/5/2.5 ppm of 
NGl/PA/PETN with SPEX Mix by adding 0.50 mL of 
the 20/20/10 mix to the 2 gram samples. 

. 
For PA in sotls using the method for picric 
add, fortify at 1.25 ppm with SPEX Mix by 
adding 125 UL to the 2 gram samples. 

Adjust the flnal volume to 10.0 mL with 0.1% (v/v) acetlc 
acid in acetonitrile (except for ~'PA-S' see below). Cap, 
and shake briefly to mix the contents well. 

12.6.10.1 To the separate set of PA-S (picric acid in 
~011) adjust the final volume to 10.0 mL with 
0.1% hydrochloric acid in 10% acetonitrile in 
water, cap, and shake briefly to mix the 
contents well. 

Place the samples In the ultrasonic bath, and sonicate for 
18 hours, keeping the bath at 35 oC or cooler. 

12.6.11.1 Record the initialptime, date, and temperature 
of the water bath on the benchsheet. Cover the 
sonication bath with aluminum foil or a cover to 
protect samples from light. 

12.6.11.2 After sonication, record the final time, date, 
and temperature of t,he water bath. 

.., 
-. 

..- :, 
_,. 

I 

_... 
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12.6.12 

12.6.13 

12.6.14 

12.6.15 
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Allow the samples to settle for 30 mfnutes or centrifuge 
the samples at approximately 1000 rpm for about 5 minutes. 

Decant the extracts (mlnimally 4 mLs)into B-ml. test tubes. 
The extracts may be worked up immediately or stored in the 
freezer until ready for further prep. 

Filter the required amount.needed for analysis by 
transferring into a lo-cc disposable syringes fitted,with 
0.45 urn PTFE 25-mm filters. and filter them with positive 
pressure using the plunger into a clean 8-mL screwcap test 
tubes. 

For 833&HPLC/UV, dilute 1.0 mL of the filtered extract in 
an 8-mL screwcap test tube with 3.0 mL of the 1.3 g/L 
calcium chloride solution. Shake briefly to mix the, 
contents. 

12.6.15.1 

12.6.15.2 

Filter the extracts by transferring into a IO-cc 
disposable syringes fitted with 0.45 um PTFE 25- 
mm filters, and filter them with positive 
pressure using the plunger into a clean 4-mL 
screwcap vials. 

Store the 8330-HPLC/UV extracts in the freezer 
and protect from light until analysis. The 
final sample concentration is 0.20 g/4.0 mL. 

12.6.16 For nitroguanidtne (NGu-S), dilute 2.0 mL of the filtered 
extract into an 8-mL test tube with 0.5 mL of dlstllled 
water to obtain a 80:20 acetonitrile:water composition. 
Mix the contents well. 

12.6.16.1 

12.6.16.2 

Filter the extracts by transferring into IO-cc 
disposable.syringes fitted with 0.45 urn PTFE 25- 
mm filters, and filter them with positive 
pressure using the plunger into clean 4-mL 
screwcap vials. 

Store the NGu-S extracts in the freezer and 
protect from light until analysis. The final 
concentration is 0.4g/2;5 mL. 

_. ..; 
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12.6.18 

12.6.19 

12.6.20 

:.. 

t!h anterm - 
-1 - 

SOP No. SAC-LC-0001 

Page 42 of .63 

For SPEX-LC/TSP/MS and 8330/SPEX-LC/TSP/MS, dilute 1.0 mL~ 
of the filtered extracts in an 8-mL test tube with 3.0 mL 
of distilled water (do NOT add calcium chloride solutionI), 

12.6.17.1 Add 20 uL of the internal standard mix d3-2,6- 
DNT and d4-1,3-DNE. and mix the contents well. 

12.6.17.2 Filter the extracts with IO-cc disposable 
syringes fitted with 0.45 urn PTFE 25-mm filters 
into clean 4-ml scrawcap vials. The final 
extract concentration is O.Zg/4.0mL. 

12.6.17.3 Store the extracts in the freezer and protect 
from light until ready for analysis by 
LC/TSP/MS. 

For PA-S, the extracts may be filtered or decanted into an 
8-mL test tube, and the extracts may be worked up 
immediately or stored in the freezer until ready for 
further prep. 

Since the extracting solvent is O.l%.hydrochloric acid in 
10% acetonitrile in water, the organic content of the 
extract is less than 20% in water, therefore no dilution 
with water is required. The final extract concentration is 
2.0g/lOmL. 

12.6.tE.l If the extracts has not been filtered, then 
filter the required amount needed for analysis 
with lo-cc .disposable syringe,s fitted with 0.45 
urn PTFE 25-mm fiJtars into clean 6-mL screwcap 
test tubes. 

Transfer 2.0 mL of the ffltered extracts into 4-mL vials, 
and add 10 UL of the internal standard mix d3-2.6-DNT and 
d4-1.3-ON8 to yield 50 ng/mL in the final extract. Mix the 
contents well, and the final extract concentration is 
0.4g/Z.OmL. 

Store the extracts in the freezer and protect from light 
until analysis by LC/TSP/MS. 
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12.7 IN.5TRUNENTATIGN for nitroguanidi~ne by NPLC/UV 

The conditions listed below are the recoanaended analytical 
conditions for nitroguanidine by HPLC/UV. If changes to the HPLC 
conditions are necessary, they will be noted on the chromatogram. 

12.7.1 Primary Column: Phenomenex Zorbax C8, 250 x 4.6 mm, 5 urn. 
or equivalent. 

12.7.2 Column Temperature: 30 oC 

12.7.3 pbii;,!;ase (Reservoir) 
s 

B = Acetonitrile 
C * Methanol 

Gradient Program: 

Ii!!E 9.11JL 
0.0 100 0 0 
8.0 100 0 0 

iE 0 0 50 50 50 50 

12.7.4 Flow rate: 1.0 mL/min. 

12.7.5 Injection volume: 25 uL 

12.7.6 UV Detection at 250 nm. 

12.7.7 Approximate.-retention times on C8 cOlUtI?n: 

Nltroguanldine 4.3 minutes 

12.7.8 Preventtve Maintenance: 

Changes in-line-frit as needed to retain proper pressure, 
peak shape and response. 

If nltroguanidine is not retained or the retention time is 
close to the void volume on the.CB or Cl8 column, replace 
wfth another column. 
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12.8 INSTRUIENTATION for 8330 by HPLC/UV 

The conditions llsted below are the recommended analytical 
condltlons for 833O'by HPLC/UV. If changes to the HPLC condttions . 
are necessary, they will be noted on the chromatogram; 

12.8.1 Primary Column: Phenomenex Hypers11 Cg, 150 x 4.6 mm, 5 urn, 
or equivalent. 

12.8.2 Column Temperature: 20 oC (Column kept cooled to a constant 
tempeature with a recirculated cooler). 

12.8.3 Mobile Phase (Reservoir) 

A - Water 

F 
- 98:Z (v/v) methanol/tetrahydrofuran 
- 98:2 (v/v) methanol/acetonitrile 

. . Gradient program: 

5wd53. 
2:o 75 35 

22.0 35 0 6: 
24.0 0 0 100 

12.8.4 flow rate: 1.5 mL/min. 

12.8.5 Injection volume: 200 uL on UV-9050 
250 UL on UV-200 

12.8.6 UV Detection at 250 nm. 
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12.8.7 Elution order and approximate retention tfmes on C8 
z.;; minutes 

17.0s 

7:16 
;.:i (Surrogate) 

10.95 
12.03 
13.09 
14.22 
14.92 
15.47 
15.75 
16.24 
16.52 

SOP No. SAC-It-0001 
Revision No. 5.0 
Date Janua v 3. 1996 
Page -'of 63 

E-DNFB 
NB 

I  .  .  .  

TETRYL 
2,4-DNT 
2.6-DNT 

J-NT 

Z-AM-4,CDNT 
4-AM-2,6-DNT 

12.8.8 Preventive Maintenance: 

2-NT 
4-NT 

column 

Change in-line-frit as needed to retain proper pressure, 
peak shape and response. The use of guard column causes 
poor resolution between RDX and TNB; therefore, guard 
col.umns are not used. 

Co-elution of RDX and TNB and of 2-AM and 4-AM on the 
primary column depends on the type and condltlon of the 
column and the solvent composition of THF in methanol. 

Loss of resolution between TNB and RDX may be caused by 
column deterioration. 

If the solvent composition of THF in methanol is changed, 
RDX and TNB elution order may be. reversed or co-elution may 
.occur. 

. . 

c4-l/l 
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12.9 INSTRIJMENTATION for Confirmation of 8330 by HPLC/W 

The conditions listed below are the recommended analytical 
conditions for confirmation of 8330 by HPLC/UV. If changes to the 
HPLC conditions are necessary, they will be noted on the 
chromatogram. 

‘.. 

_ .,, 

.:’ 
..,, 

_ 

X2.9.1 Confirmation Column: Zorbax Cyano CN, 250 x 4.6 mm, 5 urn, 
or equivalent. 

12.9.2 Column Temperature: 20 oC (Column kept cooled to 'a constant 
temperature with a recirculated cooler) 

12.9.3 Mobile Phase (Reservoir) and Gradient Program 

OPTION 1 OPTION 2 

A - Water A.- water 
B - 98:2 (v/v) methanol/THF 6 = acetonftrile 
C - 98:2 (v/v) methanol/MeCN C - methanol I 

Time A'G C 

1;.i ii 60 0 40 
19:o 0 100 i 

?wiPiT.% 20:0 60 28 12 
35.0 0100 0 

35;o 0100 0 

12.9.4 Flow rate: 1.0 mL/min. 

12.9.5 Injection volume: 500 uL on UV-9050 
250 uL on W-200 

12.9.6 UV Detectlon at 250 nm. 

.- 

., 
‘. 

.,,.,.: 

. - ,  
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12.9.7 Elution order and approximate retention times on CN coTumn: 

DPTION 1 

Ee 
12.20 
13.16 

TNB 13.63 
;-; a Q-NT ;:.;; 

lt3NB 15162 Surrogate 

;$I;;; 
16.23 

TNT 
16.68 
17.96 

4-AM-2,6-DNT 18.19 
2-AM-4.6ONT ;;.;; 

KRVL 23:14 
HMX 24.52 

DPTION 2 

$8 
2,4-ONFB 
TNB 
2-NT II 4-NT 
3-NT 
RDX 
2,4-DNT 
2,6-DNT 
Z-AM-4,6-DNT 
4-AM-2,6-DNT 
TNT 

KYL 

18.52 20.07 
;Z.;; Surrogate 

23:82 
24.25 
24.71 
$2; 

27129 
27.50 
28.73 
29.48 
31.00 

3-NT and lC3N8 co-elute on option 1. 
ICJNB and RDX co-elute on option 2. 
2-NT and 4-NT co-elute on both options. 

12.10 INSTRUMENTATION, for 8330 by LC/TSP/MS 

The conditions listed below are the recommended analytical 
conditions for the analysis of specialty explosives and for the 
analysis or confirmation of 8330 compounds. If changes to the 
LC/TSP/MS conditions are necessary, they will be noted on the 
chromatogram.. 

12.10.1 Primary Column: Novapak C-8, 3.9 X 150 mm, 5 urn, or 
equivalent. 

12.10.2 Temperature: Ambient 

._.. 
. . 

c4-//3 
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. 12.10:3 Mobile Phase (Reservoir) 

A I 0.20 M Ammonium acetate (aqueous) with 0.10% acetic 
actd 
0 - N/A 
C - n-Propanol 

Gradient program: 

(flow rate in ml/mln) 

The post column pump fTow rate of solution A is Set at 0.40 
mL/min throughout the run. 

12.10.4 Injection volume: 150 uL 

12.10.5 Thermospray (TSP) conditions 

The following thermospray conditions must be optimized 
whenever's new thermospray vaporizer is installed in order 
to provide good p,erformance. 

Vaporizer Temperature: 80 to 120 oc 
Source Temperature: 280 to 350 oc 
Repeller Voltage: 0 to 50 Volts 
Discharge Voltage: 1200 Volts 
Filament Current: 0 to 400 uA 
Electron Energy: 0 to 500 ev 

(Note: Negative ion analysis will usually requlre dtscharge 
voltage of 800 to 1000 V, filament current of 400 uA, and 
electron energy of 500 eV). ~.. ., 

. . 
__ 

I 

,:: .:.;.:“, 

,. 
-.._ ,.,.., 
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lZ.lD.6 Mass Spectrometer (MS) scanning conditions 

Conditions below describe analysis in negative-ion 
selective-ion-monitoring (SIM) mode. Some compounds (e.g. 
HNX and RDX) also respond in positive-ion mode. These 
compounds may be analyzed using positive-ion selective- 
reactfan-monitoring (SRN) for confirmation purposes or when 
interfering compounds are present in negative-ion SIM 
analysis. Ions used in positlve-ion SRM analysis will 
differ from those listed below and must be established by 
analysis of standard reference materials. 

Compound (int:pproximate 
Order of elu on! IQJl 

Retention Time 
s 

“‘! . 355 
;;;mtrobenzen,e 213 

281 
1,3-Dinitrobenzene 168 
d4-1,3-Dinitrobenzene 172 
Picrlc Acid 228 
T~r;:rotoluene 227 

241 
dS-Nitrobenzene 128 
Nitrobenzene 123 
Nitroglycerine 241 
2,4-Dinitrotoluene 182 
2-Amino-4,6-dinitrotoluene 197 
d3-2,6-Dinitrotoluene 185 
4-Amino-2,6-dinitrotoluene 197 
2.6-Dinjtrotoluene 182 
2p-$ 4-Nitrotoluene 137 

330 
3-Nitrotoluene 137 

3:39 
5:53 
6:12 
8:54 
;:;; (Int. Std) 

922 
IO:12 
ii::; (Surrogate) 

lliO6 
11:48 
11:56 
12:12 (Int. Std) 
12:12 
12:14 
13:06 
13:14 
13:23 

Z-NT and'l-Nf'co-elute by this method. 

12.10.7 Preventive Maintenance: 

Change in-line-frit as needed to retain proper pressure, 
peak shape and response. 

,r- 

c4-04 . 
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13. DATA ANALYSIS AND CALCULATIONS 

13.1 Results are reported in ug/g or mg/Kg (ppm) for soil, unless 
otherwise instructed. 

13.2 Results are reported as dry weight since soil samples are air 
dried, ground with motar and pestle, and sieved, unless specified 
by the client. 

i3.3 The concentration of each analyte and surrogate in a sample Is 
calculated by using the appropriate formula: 

Without using internal standard correction far HPLC/UV; 

CFa * Ax . Vx 
Amount Found (ppb) I ___-----------w 

ws 

where CFa - Average Calibration Factor in ng/mL: 
AX - Sample Total Area Counts. 
Vx = Sample Extract Final.volume in milliliters. 

WS - Initial Sample weight in grams. 

Using internal standard correction for LC/TSP/MS; 

Amount Found (ppb) . 3.:!!2~~ x -415 

ws Ais 

where'tis = Internal Standard Concentration in ng/mL. 
Ais - Internal Standard Total Area Counts. 

The results of soils in ppb 
dividing the result in rig/g 

(rig/g) are converted to ppm (ug/g) by 
by 1000; 

X w/9 
ug,g I ---------- 

1000 ng/ug 
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14. 

15. 

16. 

HETHOD PERFONNANCE 

14.1 The group/team leader has the responsibility to ensure that this 
procedure is performed by an associate who has been properly 
trained'in its use and has the required experti.se. 

POLLUTION PREVENTION 

NONE 

NASTE MANAGEMENT 

16.1 Flammable Uaste 

16.1.1 Acetone, acetonltrile. haxane, and methanol waste generated 
from solvent rinsing of glassware is collected as 
"Flammable Waste" in I-gal?on plastic bottles. 

16.1.2 The unused portion of the acetonitri.le extracts from soil 
extraction may be decanted from the soils and discarded as 
flammable waste. For the soil portion see "solid waste" 
below. 

16.1.3 When the I-gallon plastic bottle is full, the waste is 
transferred to the 65-gallon drum labelled "Flammable 
Waste" in the H-3 room. 

16.1.4 Methylene chloride should be collected separately, see "DCM 
Waste" below. Any organic waste that js less than 50% 
methylene chloride is flammable waste. 

16'.2 Methylene Chloride (DCM) Waste 

16.2.1 .Methylene'chloride, or dichloromethane (DCM), generated 
from solvent rinsing of glassware is collected separately 
from the Flammable Waste <nto "OCM Waste" In l-gallon 
plastic bottles. 

16.2.2 Any organic waste that is in excess of SO% methylene 
chloride 1s considered DCM waste. 
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16.2.3 When the l-gallon plastic:bottle is full, the waste i,s 
transferred to the 55-gallon drum labelled 'DCM Waste" i.n 
the H-3 room. _ 

16.3 Liquid-liquid extractions (LLE) Waste 

16.3.1 Aqueous samples from high level and low level extraction 
(liquid-liquid extraction) after completion have been 
saturated with organic solvent (such as acetonitrlle) is 
collected into 5-gallon carboy containers, or if the pH of. 
the water samples were neutral (pH between 6 to 9) they can 
be collected directly into 55-gallondrum labelled "LLE 
Waste" In the H-3 room. 

16.3.2 Aqueous samples collected In 5-gallon carboy containers are 
transferred to %-gallon drum labelled 'LLE Waste" in the 
H-3 room after the pH is check and ajusted If necessary to 
between 6 to 9. 

16.4 High Performance Liquid Chromatography (HPLC) Effluent 

16.4.1 

16.4.2 

Waste generated from the HPLC fs collected into I-L plastic 
bottles labelled "HPLC Waste", it consists primarily of 
methanol, acetonitrile, water, and ammonium acetate. 

When,the l-gallon plastic bottle is full, the waste is 
transferred to the 55gallon drum labelled "HPLC/ETHER 
Waste" in the H-3 room. 

16.5 ,,Solid Waste 

16.5.1 Residual soil are allowed to air-dry In the hood or InwelT 
ventilated area. After the soils are dried, they are 
discarded into the "Dry Hazard" trash. 

16.5.2 Dry Hazard trash consists of glass, gloves, papers, and 
plastics that were In contact with samples. When the trash 
is full, it is double bagged, secured, and disposed in the 
55-gallon drum labelled "Dry Hazards" in the waste room 
where they are compacted in the 55-gallon drums. 

I 
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16.5.3 Empty glass solvent bottles are disposed of in the waste 
room after they have been air dried. They are placed in 
the 55-gallon drum where they are compacted and crushed. 

17. REFERENCES 

17.1 

17..2 

17.3 

17.4 

17.5 

SW-846 Draft Method 8330. 'Nitroaromatlcs and Nitramines by High 
Pressure Liquid Chromatography (HPLC)", Revision 0, November 1992, 
U.S. Environmental Protection Agency, Office of Solid Waste.and 
Emergency Response, Washington, D.C. 

Thomas F. Jenkins, et. al., "Comparison of Cartridge and Membrane 
Solid-Phase Extraction with Salting-Out Solvent Extraction for 
Preconcentration of Nitroaromatic and Nitramine Explosives from 
Water", Special Report 92-95, December 1992. US Army Corps of 
Engineers, Cold Regions Research II Engineering Laboratory, Hanover, 
New.Hampshire.. 

"Quanterra Quality Control Program", QA-003, Quanterra 
Environmental Services, Revlsion No. 0. April 4, 1995. 

"Laboratory Documentation Practices", LP-CAL-0001, Quanterra 
Environmental Services, Revision 3.0, December 5. 1991. 

"Calibration and Calibration Check of Balances", SAC-PA-0041. 
Quanterra Environmental Servicex, Revision 1.1, December 30, 1994. 

18. MODIFICATIONS TO SOP. 

18.1 This method deviates from EPA method 8330, November 1992 revision 
on the following: 

Acetonitrile IS our preferred solvent instead of methanol in the 
preparation of standards. 

The final solvent for extracts for HPLC/UV analysis should be no 
more than 25% acetonitrile in water. Higher percentages of 
acetonitrile causes poor chromatography. 

ii., :. 
_.-. 

,~ . a.- 
rcT 

2.. 



PAY 85 ‘38 03:43 FR - 916 372 1053 TO 13606381685 P. 5246 

Controlled Copy 
-Copy No.- 

SOP No. SAC-It-0001 
Revision No. 5.0 
Oate &guarv 3. 199 

6 

Page 54 of 63 

Sodium chlortde is used in the salting out 
samples instead of sodium sulfate. 

18.2 

method of aqueous 

The primary column used.in this method is C-8 reverse phase instead~ 
of C-18, and the column length is 15 cm instead of 25 cm. 

A gradient program is run using Water/Methanol with THF and 
Acetonitrile as modifiers instead of isocratic at 50/50 
Methanol/Water. 

The initial calibration is performed by injecting five 
concentration levels stngly instead of triplicate injections of 
five levels randomly. 

The amount of calcium chloride solution (5g/L aqueous) added to the 
soil extracts is 2:8 and is less than the original method of 1:l. 
Calcium chloride solution is a flocculating agent that aids in the 
filtration of soil extracts: Higher concentrations may cause 
clogging of the frlts and over-pressurizing the HPLC. 

The UV detector is set at 250 nm instead of 254 nm. 

The injection volume is 200 UL instead of 100 uL. 

Changes made on the origlnal revision to revision 1.0. 

Improved the stabillty.of TETRYL in soil by the addition of acetic 
acid at 0.1% by.volume in acatonitrile as the extraction solvent. 

Included the component Nltroguanidine by HPLC/UV. 

Included the components Nitroglycerine, PETN, and Picric Acid by 
LC/TSP/NS. 

8330 components can also be analyzed by LC/TSP/MS. 

Nitroglycerine, PETN, and Plcric acid can be extracted using 0.1% 
hydrochloric acid in acetonitrile instead of acetic acid in 
acetonitrile; however, nitroglycerine and PETN can be extracted 
using acetic acid along with 8330 components. 

:’ 

L-4 -/a0 
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18.3 Changes made on'revision I.0 to revision 2.0. 

Added sections to include extraction of 8330 components at high 
levels by the low level extraction. 

Included the extraction of Nltroguanidine in water and in soil. 

Included the extraction of Specialty Explosives (Nitroglycerine, 
Picric Acid, and PETN) in water and in ~011. 

.Included the LC/TSP/MS conditions for Specialty Explosives. 

Analysis may be performed by LC/TSP/NS. 

Confirmation on positives measured by HPLC/UV may be performed by 
LC/TSP/MS. 

la.4 Changes made on revision 2.6 to revision 3.0 

Component I-Chloro-3-nitrobenrene fs added as a surrogate for 8330 
by HPLC/UV analysis. 

Component d5-Nitrobenzene is added as a surrogate for 8330 by 
LC/TSP/MS and companent dq-1.3~Dlnftrobenzene is added as another 
internal standard with d3-2,6-Dinitrotoluene for LC/TSP/MS. 

Combining method 8330 and specialty exp1osfves.a~ a single 
methodology by LC/TSP/HS (833O/SPEX). 

Included flow diagrams. 

18.5 Changes made on revision 3.0 to revision 4.0. 

Updated to Duanterra format. 

Correction on the naming of TETRYL as Methyl-2,4,6- 
trlnltrophenylnitramine, not Methyl-2,4,&trinitrophenylamine. 

., 
., . . 
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Analytical curve and midpoint standards for 8330 by HPLC/UV are 
prepared in 25:75 0.1% acetic acid In acetonltrile:HPLC grade 
water, and is valid for up to 45 days when properly stored in the- 
refrigerator. 

Addition of spiking soils for 8330-LCMS with 8330 mix at 2.0 ppm. 

Changed final solvent composition of SPEX-A and 8330/SPEX-A to 20% 
acetonltrile in water (injection of samples greater than 20% 
acatonitrile in water adversely affects the chromatography). 

Correction and clarity on the final prep of 8330/SPEX-LCMS-A. 

Soil extracts are decanted into ~-CC test tubes for storage after 
extractton. 

Addition of.Nethod 8330 by SPE as Low Level and High Level in place 
of salting-out method. 

Injection volume for cyano confirmation on UV 9050 to 250 UL and on -. 
uv 100 to 370 UL. 

Injection volume for analytical column‘on UV 100 to 250 uL. 

Separate extraction method for picric acid with 0.1% hydrochloric 
acid in 10% acetonitrile in water. 

18.6 Changes made on revision 4.0 to revision 5.0. 

SOP number changed from SAC-GC-0124,t.o SAC-LC-0001. 

Other references related to quality added to References section. 

Tetrahydrofuran added to list of flammable solvents. 

Added TNT/RDX Soil Extrtaction Pat to test suspected soils before 
grinding. 

New surrogate added, 2,4-dinltrofluorobenrene (2,4-DNFB) for 
HPLC/UV. 

“. 

--, 



WIY 09 ‘98 09:44 m lzLhwsm 916 372 1859 TO 13686381685 P.5546 

lYm&vAlH - 
SOP No. SAC LC 0~01 
Revlsion No: 5:O ,. 
Date .Januarv 
Page 57 of gj 

Changed the concentration range of the new surrogate for the 
Initial standard curve on HPLC/UV. 

Changed the standard range up to 1000 ng/mL for 8330 and eliminated 
level 4 standard on HPLC/UV. 

iodify aquaous samples for the stability of TETRVL'by add!!: 5 UL 
of concentrated acetic acid to the final 5.0 mL ncetonitr 
extracts. 

Changed the concentration range of d5-Nitrobenzene for the lnltial 
standard curve on LC/TSP/HS. 

Adjusted the spike level of dS-Nitrobenzene on aqueous samples to 
achieve 200 ng/mL in the final extracts. 

Correction on UV-100 as UV-200. 

Correct injection volume for cyan0 confirmation on UV 200 at 250 
uL, not 370 uL. 

Triplicate injection 1s no longer required at the begining of.the 
batch but a single injection and it is to be less than or equal to 
15% of the.expected value from the initial calibration curve. 

All continuing calibration standards in the batch are to be less 
than or equal to 15% of the initial calibration curve and not from 
the triplicate standard injections. 

Soils are dried until no visible appearance of moisture present. 
Successful grinding and sifting verlflss that soils are dried. 

Updated instrument conditions for 8330 by HPLCiUV and for 8330 
confirmation by HPLC/UV. 

Added "LLE Waste" under Waste Management section to handle aqueous 
waste saturated with organic solvent (acetonftrile used in the high 
level and low level salting out methods). 

. 
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19.1 Aqueous by DA1 for high levels. 

6S330-“1011-A 
FE IO LllO L k? HPLCAN 
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by Salting Out for high levels. 
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Aquaous by SPE using Zymark Autotrace Workstation 
for high levels or low levels. 

19.3 
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19.4 Aqueous by Salting Out for,low levels. 
.I : 

into 100 IL fink 

e-44 mL EaLt 
(323 O/L) 

disciwd 
WI- 13 - 20 .lmt.‘ 

stmd 10 minute8 

: ,.:., 

Y.1 

,. . ..C..i 
_. .- 

..I_ 

. 
+-;‘.,.~e~ 

.&s 

. . .: 
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19.5 Soil for 8330 and specialty explosives. 

SOP No. SAC 01 
Revision NOES 
Date Januaw 
Page z Of 63 

I 
Add 1.0. 
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20. APPENDIX 

A copy of form - STAMDARD SOLUTION NAOE FROM NEAT. 

A copy of form - STANDARD SOLUTION MADE FROM SOLUTION(S). 

A copy of form - MeTER.SHEET 

A copy of form - HPLC INSTRUME~ LOG 

‘.. 

- 

.  .  ,L,. 
, .  ._ _.,. *.A. 
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CHRONATOGRAPHY RUN LO6 Page 1 of 1 ,/. 
in 

Method: 8330-HY Ffle: [HAY-SV ] 4LC Inst: hplc H [log] 

Calib: 4HY05131 8330 Curve; 2.5 to 1000 ng/mL Hypersll C8 on 5/13/96 

HPLC-UV 64 Phenomenex Hypersil C8 SN114198 lSOx4.6mm'Sum. 8330 Analys 

SAHPLE'NAHE MULT OIVS DATE 
,------mm-w-. 
zo-MAY-1996 

TIME LU 'L 
,;---------------------------- 
water Blank 

_-i---------e- 

1.00 / 1.000 

+-e----------------+ -----------------.p 

COLUMN A - I 

,-C--- 4: -_-_. 

._----m 

13:35 

,-..-e-- 

Analyst: Date: Page: - 
. Q/US Elog 1.1 Printed: 05/20/96 15:14:59 

.:.:. 
I 
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QUANTEWA ENVIRORRERTAL SERVICE, WEST SACRAft~~ 

‘MERGETICS AND SPECIALN CHEMICALS 6ROUP (ESC) 
STANDARD SOLUTION M4DE FROU NEAT 

SOLUTIDN IDt: 

NAME OF STANDARD: 

CoMP~ENT/SOURCE;SToCK#/lOTI/LD~TION/PURI~/~~. WEIGHT FINAL CONC . 

- 

(’ 

(Additional components may be listed on back) 

DESCRIPTION OF PREPARATION: BALANCE ID# 

SPECIAL NOTES/COHMENTS:. 

ACCEPTABLE FOR USE?~ ycr I no - Wed BY/DATE: 

PREPARED BY/DATE: REVIEWED BY/DATE: 

EXPIMTION DATE: .~_,~._ ..e- 
.,,.,,, .-yy,; . .A 

‘U ..- 
-2. .~ 
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QUAHTERRA ENVIRONHENTAL SERVICE, NEST SACRAMENTO 

ENERGETICS AND SPECIALTY CHEMICALS GROUP (ESC) 
STANDARD SOLUTIOH CW)E FROM SOLUTION(S) 

SOLUTION IDI: 

NAME OF MIX: 

COHPONENT/ID#/LOCATION/CONCENTRATION/SOLVENT/ 
EXPIRATION VOLUME USED FINAL CONC 

(Additional components may be listed on back) 

DESCRiPTION OF PREPARATION: 

SPECIAL NOTES/CoHMENTS: 

ACCEPTABLE FOR USE? yes _ no _ QC'ed BY/DATE: 

PREPARED BY/DATE: REVIEWED BY/DATE: 

STORAGE 'LOCATION: 
DEG Z-l-96 / QA Y360 

EXPIRATION DATE: 

. .._ :"..A.. 

CY-/33 
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QUANTERRA INC. (Wm -to) 

SOP wmmbcr: SAGLM-0001, Revision 5.0,07/08/96. 

SOP Title: . . Daunumon of Nitmammatics, Nib, and Spsciaity J3plosivc.s in Water 
and Soil/Sediments by HPLUW and by LvTSP/MS 

EOF .satbm 8.5. 12.1.4, 12.2.4, 12.4.4+ 126.9, end 12.83. 
-w 
Lxloam 

Adding PETN with 8330 aoalp by HPLUW. 

3onge or 8.5 h&tical Curve for 8330 by HPLWUV. PETN is added to tbc 8330 Mix 
idtijtiO0 

speifksectioa; 
be- 40 tlghl. to 1,000 r&nL. 

uculdifbaal 
ketstr 12.1.4 P~isaddsdtothcLCSImdMS/SD,ortothcDCS.a250ppbbyaddin8 

Leccruly*): 25uLofrhe1OOug/mLstand&to10mLwaterfbrDAImcthod 

12.2.4 PETNisaddcdtotheLCSandMS/SD,ortotheDCS,at162ppbbyadding 
125uLofthe100ug/mLstandardro77mLwatafor~~lcvclsamnpmcfbo& 

12.44 PETN is added to ibe LCS and MS/SD, or to the DCS, at 6.5 ppb by adding 
50uLofthc100ug/mLrtMdacdm770mLwattrforlowlevelsaltingmethod. 

126.9 PETNisaddedtotbeLCSandMS/SD,ortotheDCSat5.0ppmbyadding 
lOOuLof~l~~~staodardu,2.0gram~andthtsampleirprrpas~ 
8330. 

12.83 The gradient program is modified for the elution of PETN. At 12 minotes, 
thesofventcompositionis60:5:35,aodat15 xnimes the solvent composition is 
59:4:37. which is held till the end of the nm. After the nitrotohmes elutes, the UV 
dateetionis switched at approximately 20.8 miuutes to 214 nm to detect PETN at 
appmximately 22.0 minutes. 





TABLE 1 REPORTING LIMITS FOR QUANTERRA, WEST SACRAMENTO 

,-- M&3d Water Soil 
Parameter W=Water s=soil MY@ hm OwW 

swaIz1 Explosives by HPLC 

I-Em 13.0 0.25 
Sjlll-TtinitdXIlZelle 1.3 0.25 
RDX 14.0 0.25 
1,3-Dinitrobcnzene 4.0 0.25 
Nitmbermne .6.4 0.25 .~ 
2.46Triniuotolucne 6.9 0.25 
THl$ 4.0 0.25 
2ADiniwtoluene 5.7 0.25 
2.6-Dinitrotolwne 9.4 0.25 
2-Am-DNT 10.0 0.25 
4-Am-DNT 10.0 0.25 
2-Nitmtoluene 12.0 0.25 
3-Ni@otoluene 8.5 0.25 
4-Nitrotoluene 1.9 0.25 

* The following additional compounds may be. added to this method by client request. 

Niuogiycerine 50 0.5 
PETN 50 0.5 

cy -lab 



TABLE 2 QUANTERRA, WEST SACRAMENTO LABORATORY CONTROL LIMITS FOR 
MATRIX SPIKES, MATRIX SPIKE DUPLICATES, AND SURROGATE SPIKES (I) 

-- 

Aqtical 
Method 

Spikhg 
Compamis 

&ike Concentmioq labmto~ mmsh - ‘e d Cond Lmts 
Relative Percent 

Water SoilLSediints Percent Recovery (sb) Difference (%) 

WL) (mg/kg) Water Soil/Sediments Water Soil/Sediments 

SW8321 !-&lx 50 1.0 65-135 65-135 35’ 35 
sym-Triniuobenzene 50 1.0 65-135 65-135 35 35 
RDX 50 1.0 65-135 65- 535 35 35 
1,3-Dinitrobenzene 50 LO 65-135 65-135 35 35 
Niuobenzene 50 1.0 65-135 65-135 35 35 
2.4.6Trinitrotoluene 50 1.0 65-135 65-135 35 35 
Teuyl 50 1.0 65.135 65-135 35 35 
2,4-Dinhrotoluene 50 1.0 65-135 65-135 35 35 
2.6-Dinhtoluene 50 1.0 65-135 65-135 35 35 
2-Am-DNT 50 1.0 65-135 65- I35 35 35 
4-Am-DNT 50 1.0 65-135 65-135 35 35 
2-Niaotoluene 50 1.0 65-135 65-135 35 35 
3-Niuotoluene 50 1.0 65-135 65-135 35 35 
4-Niuotoluene 50 1.0 65-135 65-135 35 35 

Surrogate: 
Niuobenzene-d5 200 5.0 40-135 40-135 35 35 -7 

* The following additional compounds may be added to this method by client request. 

Nitroglycerine 800 2.0 65-135 65-135 35 35 
- PETN 400 1.0 65-135 65-135 35 35 

(11 The control limits are subject to change af the discretion of the laboratory 

CY-/3&c . 
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1. SCOPE AND APPLICATION 

1.1. This procedure describes the analysis of trace elements including metals in solution 
by Inductively Coupled Plasma -Atomic Emission Spectroscopy (ICP-AES) using 
SW-846 Method 6OlOB and EPA Method 200.7 . Table I of Appendix A,lists the 
elements appropriate for analysis by Methods 6OlOB and 200.7. Additional elements 
may be analyzed under Methods 6OlOB and 200.7 provided that the method 
performance criteria presented in Section 13.0 are met. 

1.2. ICP analysis provides for the determination of metal concentrations over several 
orders of magnitude. Detection limits, sensitivity and optimum concentration ranges 
of the metals will vary with the matrices and instrumentation used. For instance, in 
comparison to conventional ICP technique, ICP-Trace can achieve detection levels 
comparable to those determined using the graphite furnace atomic absorption 
spectroscopy (GFAAS) technique. 

1.3. Method 601OB is applicable to the determination of dissolved, suspended, total 
recoverable and total elements in ground water, aqueous samples, soils, sludges, 
wastes, sediments, and TCLP, EP and other leachates/extracts. All matrices require 
digestion prior to analysis with the exception of analyses for dissolved metals in 
filtered and acidified aqueous samples. Although digestion is not specifically 
required by the method, some clients and regulators may require digestion of 
diiolved samples and this must be clarified and documented before project 
initiation. Silver concentrations must be below 2.0 mg/L in aqueous samples and 100 
mgkg in solid matrix samples. Precipitation may occur in samples where silver 
concentrations exceed these levels and lead to the generation of erroneous data. 

1.4. Method 200.7 is applicable to the determination of dissolved, suspended, total 
recoverable, and total elements in water, waste water, and solid wastes. All matrices 
require digestion prior to analysis with the exception of analyses for dissolved,metals 
in filtered and acidified aqueous samples if the criteria in Section 11.1 are met. Silver 
concentrations must be below 0.1 mg/L in aqueous samples and 50 mg/kg in solid 
matrix samples. 

1.5. State-specific requirements may take precedence over this SOP for drinking water 
sample analyses 

2. SUMMARY OF METHOD 

2.1. This method describes a technique for the determination of multi elements in solution 
using sequential or simultaneous optical systems and axial or radial viewing of the 
plasma. The basis of the method is the measurement of atomic emission by an optical 
spectroscopic technique. Samples are nebulized and the aerosol that is produced is 

I 
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transported to the plasma torch where excitation occurs. Characteristic atomic-line 
emission spectra are produced by a radio frequency’inductively coupled plasma (ICP). 
The spectra are dispersed by a grating spectrometer and the intensities of the emission 
lines are monitored by photomultiplier tubes. The photocurrents from the 
photomultiplier tubes are processed and controlled by a computer system. A 
background correction technique is required to compensate for variable background 
contribution to the determination of trace elements. Background must be measured 
adjacent to analyte lines during analysis. The position selected for the background 
intensity measurement, on either or both sides of the analytical line, will bc 
determined by the complexity of the spectrum adjacent to the analyte line. The 
position used must be free of spectral interferences and reflect the same change in 
background intensity as occurs at the analyte wavelength measured. Background 
correction is not required in cases of line broadening where a background correction 
measurement would actually degrade the analytical result. The possibility of 
additional interferences should also be recognized and appropriate actions taken. 
Alternatively, multivariate calibration methods may be chosen for which point 
selection for background correction is superfluous since whole spectral regions are 
processed. 

2.2. Refer to the appropriate SOPS for details on sample preparation methods, 

3. DEFINITIONS 

3.1. Dissolved Metals: Those elements which pass through a 0.45 urn membrane. 
(Sample is acidified after filtration). 

3.2. ~’ Suspended Metals: Those elements which are retained by a 0.45 urn membrane. 

3.3. Total Metals: The concentration determined on an unfiltered sample following 
vigorous digestion. 

3.4. Total Recoverable Metals: The concentration determined on an unfiltered sample 
following treatment with hot, dilute mineral acid. 

4. INTERFERENCES 

4.1. Spectral, physical and chemical interference effects may contribute to inaccuracies in 
the determinations of trace elements by ICP. Spectral interferences are caused by: 

l Overlap of a spectral line from another element. 

l Unresolved overlap of molecular band spectra. ? 
l Background contribution from continuous or recombination phenomena. 
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. Stray light from the line emission of high concentration elements. 

4.1.1. A background correction technique is required to compensate for variable 
background contribution to the determination of trace elements. Background 
correction is not required in cases where a background corrective 
measurement would actually degrade the analytical result. 

4.1.2. Inter-element correction factors (IECs) are necessary to compensate for 
spectral overlap. Inter-element interferences occur when elements in the 
sample emit radiation at wavelengths so close to that of the analyte that they 
contribute significant intensity to the analyte channel. If such conditions exist, 
the intensity contributed by the matrix elements will cause an excessively high 
(or sometimes low) concentration to be reported for the analyte. Inter-element 
comections IECs must be applied to the analyte to remove the effects of these 
unwanted emissions. 

4.1.3. Physical interferences are generally considered to be effects associated with 
sample transport, nebulization and conversion within the plasma. These 
interferences may result in differences between instrument responses for the 
sample and the calibration standards. Physical interferences may occur in the 
transfer of solution to the nebulizer (e.g., viscosity effects), at the point of 
aerosol formation and transport to the plasma (e.g., surface tension) or during 
excitation and ionization processes within the plasma itself, Changes in 
viscosity and surface tension can cause significant inaccuracies, especially in 
samples containing high dissolved solids or high acid concentrations. If 
physical interferences are present, dilution of the sample, use of a peristaltic 
pump, mass flow controller, use of an internal standard and/or use of a high 
solids nebulizer can reduce the effect. 

4.1.4. Chemical interferences are characterized by molecular compound formation, 
ionization effects and solute vaporization effects. Normally these effects are 
not significant with the ICP technique but if observed can be minimized by 
buffering the sample, matrix matching or standard addition procedures. 

5. SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of all 
Quantetra associates. 

5.2. Eye protection that satisfies ANSI 287.1 (as per the Chemical Hygiene Plan), 
laboratory coat, and appropriate gloves must be worn while samples, standards, 
solvents, and reagents are being handled. Disposable gloves that have been 
contaminated will be removed and discarded; other gloves will be cleaned 
immediately. 
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- 

5.3. 

5.4. 

- 

5.5. 

5.6. 

5.7. 

The health and safety hazards of many of the chemicals used in this procedure have 
not been fully defined. Additional health and safety information can be obtained from 
the Material Safety Data Sheets (MSDS) maintained in the laboratory. 

5.3.1. The following materials are known to be corrosive: 

sulfuric acid, hydrochloric acid, nitric acid and hydrofluoric acid. (NOTE: 
sulfuric and hydrofluoric acids are used in cleaning the ICP torch and 
hydrofluoric acid is also commonly used in air toxics preparations.) 

-5.3.2. The following materials are known to bc oxidizing agents: .- 

nitric acid and hydrogen peroxide. 

&l&aThe plasma emits strong W light and is harmful to vision. NOTE: I 
AVOID looking directly at tbe plasma. 

5.3.4. The RF generator produces strong’radio frequency waves, most of which are 
unshielded. People with pacemakers should not go near the instrument while 
in operation. 

Exposure to chemicals must be maintained as low as reasonably achievable, 
therefore, unless they are known to be non-hazardous, all samples should be opened, 
transferred and prepared in a fume hood, or under other means of mechanical 
ventilation. Metals digestates can be processed outside of a fume hood. Solvent and 
waste containers will be kept closed unless transfers are being made. 

The preparation of standards and reagents will be conducted in a fume hood or well 
ventilated area. 

All work must be stopped inthe event of a known or potential compromise to the 
health and safety of a Quanterra associate. The situation must be reported 
immediately to a laboratory supervisor. 

The use of hydrofluoric acid requires special safety precautions. Consult the facility 
EH&S Manager and laboratory supervisor for guidance. 

6. EQUIPMENT AND SUPPLIES 

6.1. Inductively Coupled Plasma Atomic Emission Spectrometer equipped with 
autosampler and background correction. 

6.2. Radio Frequency Generator. 

6.3. Argon gas supply, welding grade or equivalent. 
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6.4. Coolflow or appropriate water cooling device. 

6.5. Peristaltic Pump. 

6.6. Calibrated automatic pipettes or Class A glass volumetric pipettes. 

6.7. Class A volumetric flasks. 

6.8. Autosampler tubes. 

7. REAGENTS AND STANDARDS 

7.1. 

7.2. 

7.3. 

7.4. 

7.5. 

7.6. 

Intermediate standards are purchased as custom Quantetra multi-element mixes or as 
single-element solutions. All standards must be stored in FEP fluorocarbon or unused 
polyethylene or polypropylene bottles. Intermediate standard solutions must be 
replaced prior to the expiration date provided by the manufacturer. If no expiration 
date is provided, the intermediate solutions may be used for up to one year and must 
be replaced sooner if verification from an independent source indicates a problem. 
Expiration dates can be extended provided that the acceptance criteria described in 
laboratory-specific SOPS are met. 

Working calibration and calibration verification solutions may be used for up to 3 
months and must be replaced sooner if verification from an independent source 
indicates a problem. Standards should be prepared in a matrix of 5% ,hydrochloric 
and 5% nitric acids. An exception to this is in the event the Trace ICP is utilized 
without the internal standard. In this case, the standard acid matrix must be matched 
to the final preparation matrix as listed in Section 11.10. 

Refer to Tables III, IV, IVA, V and VI (Appendix A) for details regarding the working 
standard concentrations for calibration, calibration verification, interference 
correction and spiking solutions. 

Concentrated nitric acid (HNOs), trace metal grade or better. 

Concentrated hydrochloric acid (HCI), trace metal grade or better. 

Reagent water must be produced by a Millipore DI systemor equivalent. Reagent 
water must be free of the analytes of interest as demonstrated through the analysis of 
method blanks. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. Sample holding times for metals are six months from time of collection to the time of 
analysis. 
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8.2. Aqueous samples are preserved with nitric acid to a pH of Q and may be stored in 
either plastic or glass. If boron or silica are to be determined, plastic containers are 
preferred. Refrigeration is not required. Preservation must be verified prior to 
analysis. For samples that will be analyzed by Method 200.7 for compliance with Safe 
Drinking Water regulations, the samples must be held for a minimum of 16 hours 
prior to verifying the pH. 

8.3. Soil samples do not require preservation but must be stored at 4°C k 2” until the time. 
of preparation . 

9. QUALITY CONTROL 

Table VII (Appendix A) provides a summary of quality control requirements including type, 
frequency, acceptance criteria and corrective action. 

w-9.1. . Initial Demonstration of Capability I 

Prior to analysis of any analyte using either Method 200.7 or Method 60lOB, the 
following requirements must be met. 
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&l&9 1.1 Instrmnent Detection Limit (IDL) - The IDL for each anaiyte must be u I 
determined for each analyte wavelength used on each instrument. The IDL 
must be determined annually. If the instrument is adjusted in anyway that may 
affect tire IDL, the IDL for that instrument must be redetermined. The IDL 
shall be determined by multiplying by 3, the standard deviation obtained from 
the analysis of a standard ‘solution (each analyte in reagent water) at a 
concentration 3x - 5x the previously determined LDL, with seven consecutive. 
measurements. Each measurement must be performed as though it were a 
separate analytical sample (i.e., each measurement must be. followed by a 
rinse and/or any other procedure performed between the analysis of separate 
samples). The result of the IDL determination must be below the Quanterra 
reporting limit. The CLP IDL procedure can be used for this method. 

9.1.2. Method Detection Limit (MDL) - An MDL must be determined for each 
analyte prior to the analysis of any client samples. The MDL is determined 
using seven replicates of reagent water, spiked with all the analytes of interest, 
that have been carried through the entire analytical procedure. MDLs must be 
redetermined on an annual basis in accordance with 40 CFR Part 136 
Appendix B requirements as detailed in Quanterra QA Policy QA-005. The 
spike level must be between the calculated MDL and 10X the MDL to be 
considered valid. The result of the MDL determination must be below the 
Quanterra reporting limit (RL). MDL studies for the determination of metals 
in soil need not be. performed, an appropriate soil MDL may be computed 
from the experimentally determined MDL for metals in aqueous solution. 

9.1.3. Linear Range Verification (LR) - The linear range must be determined on an 
annual basis for each analyte wavelength used on each instrument. The linear 
range is the concentration above which results cannot be reported without 
dilution of the sample. The standards used to define the linear range limit 
must be analyzed during a routine analytical run. For the m determination 
of the upper limit of the linear dynamic range (LDR) for each wavelength, 
determine the signal responses from a minimum of three to five different 
concentration standards across the estimated range. One standard should be 
near the upper limit of the estimated range. The concentration measured at the 
LDR must be no more than 10% less than the expected level extrapolated 
from lower standards. If the instrument is adjusted in any way that may 
affect the LRs, new dynamic ranges must be determined. The LR data must 
be documented and kept on file. 

9.1.4. Background Correction Points - To determine the appropriate location for off- 
line background correction when establishing methods, the user must scan the 
area on either side adjacent to the wavelength and record the apparent 
emission intensity from all other method analytes. This spectral information 
must be documented and kept on rile. The location selected for background 
correction must be either free of off-line interelement spectral interference or a 
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computer routine must be used for automatic correction on all determinations. 
Tests to determine spectral interference must be done using analyte 
concentrations that will adequately describe the interference. Background 
correction points must be. set prior to determining IECs. Refer to the facility- 
specific instrument operation SOP and ICP instrument manual for specific 
procedures to be used in setting background correction points. 

9.1.5. Inter-element Corrections (lECs) - ICP interelement correction factors must be 
determined prior to the analysis of samples and every six months thereafter. . 
If the instrument is adjusted in any way that may affect the IBCs, the IECs 
must be redetermined. When initially determining IECs for an instrument, 
wavelength scans must bc performed to ensure that solutions in use are free 
from contaminants. If an IEC varies significantly from the previously 
determined IEC then the possibility of contamination should be investigated. 
The purity of the IEC check solution can be verified by using a standard from 
a second source or an alternate method (i.e., GFAA or ICP-MS). Published 
wavelength tables ( e.g. IvET tables, Inductively Coupled Plasma-Atomic 
Spectroscopy: Prominent Lines) can also be consulted to evaluate the validity 
of the lECs. Refer to the facility specific instrument operation SOP and 
instrument manufacturer’s recommendations for specific procedures to be 
used in setting IECs. An IBC must be established to compensate for any 
interelement interference which results in a false analyte signal greater than i 
the RL as defined in Tables I, IA or II. To determine IECs, run a single 
element standard at the established linear range. To calculate an IEC, divide 
the observed concentration of the analyte by the observed concentration of the 
“interfering element.” 

Note: Trace ICP IECs are more sensitive to small changes in the plasma and 
instrument setup conditions. Adjustments in the IECs will be required 
on a more frequent basis for the Trace as reflected by the ICSA 
response. 

&l&~Rinse Time Determination - Rinse times must be determined annually. I 
To determine the appropriate rinse time for a particular ICP system, the linear 
range verification standard (see 9.1.3) should be aspirated as a regular sample 
followed by the analysis of a series of rinse blanks. The length of time 
required to reduce the analyte signals to c RL will define the rinse time for a 
particular ICP system. For some analytes it may be impractical to set the 
rinse time based on the linear range standard result (i.e., analyte not typically 
detected in environmental samples at that level and an excessive rinse time 
would be. required at the linear range level). Until the required rinse time is 
established, the method recommends a rinse period of at least 60 seconds 
between samples and standards. If a memory effect is suspected, the sample 
must be reanalyzed after a rinse period of sufficient length. Rinse time studies 
can be conducted at additional concentration levels. These additional studies 
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must be documented and kept on file, if a concentration other than the linear 
range level is used to set the rinse time. The concentration levels used to 
establish the rinse time must be. taken into consideration when reviewing the 
data. 

9.2. Method Blank (MB) - One method blank must be processed with each preparation 
batch. The method blank consists of reagent water containing all reagents spechic to 
the method that is carried through the entire analytical procedure, including 
preparation and analysis. The method blank is used to identify any system and 
process interferences or contamination of the analytical system that may lead to the 
reporting of elevated analyte concentrations or false positive data. The method blank 
should not contain any analyte of interest at or above the reporting limit (exception: 
common laboratory contaminants, see below) or at or above 5% of the measured 
concentration of that analyte in associated samples, whichever is higher (sample result 
must be a minimum of 20x higher than the blank contamination level). 

. If the analyte is a common laboratory contaminant (copper, iron, lead (Trace only) 
or zinc) the data may be reported with qualifiers if the concentration of the analyte 
in the method blank is less than two times the RL. Such action must be taken in 
consultation with the client and must be addressed in the project narrative. 

. Repreparation and reanalysis of all samples associated with an unacceptable 
method blank is required when reportable concentrations are determined in the 
samples (see exception noted above). 

l If there is no analyte greater than the RL in the samples associated with an 
unacceptable method blank, the data may be reported with qualifiers. Such 
action must be taken in consultation with the client and must be addressed in 
the project narrative. 

l If the above criteria are not met and reanalysis is not possible, then the sample 
data must be qualified. This anomaly must be addressed in the project 
narrative and the client must be notified. 

l For dissolved metals samples which have not been digested, a CCB result is 
reported as the method blank. The CCB run immediately prior to the start of the 
dissolved sample analyses must be used for this purpose. No more than 20 
samples can be associated with one CCB. 

9.3. Laboratory Control Sample (LCS) - One aqueous LCS must be processed with each 
preparation batch. The LCS must contain all analytes of interest and must be carried 
through the entire analytical procedure. Aqueous LCS spike levels are provided in 
Table III (Appendix A). The LCS is used to monitor the accuracy of the analytical 
process. On-going monitoring of the LCS results provides evidence that the 

c4 -/47 
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laboratory is performing the method within acceptable accuracy and precision 
guidelines. 

If any analyte is outside established control limits the system is out of control and 
corrective action must occur. Until in-house control limits are established, for 
method 6OlOB, a control limit of 80 - 120% (85-l 15% for 200.7) recovery must 
be applied. 

In the event that an MS/MSD analysis is not possible a Laboratory Control 
Sample Duplicate (LCSD) must be analyzed. The RPD of the LCS and LCSD 
must be compared to the matrix spike RPD limits. 

In the instance where the LCS recovery is greater than 120% (115% for 200.7) 
and the sample results are < RL, the data may be reported with qualifiers. Such 
action must be taken in consultation with the client and must be addressed in 
the report narrative. 

Corrective action will be repreparation and reanalysis of the batch unless the 
client agrees that other corrective action is acceptable. 

For dissolved metals samples which have not been digested, a CCV result is 
reported as the LCS. The CCV run immediately prior to the start of the dissolved 
sample analyses must be used for this purpose. No more than 20 samples can be 
associated with one CCV. 

9.4. Matrix Spike/Matrix Spike Duplicate (MWMSD) - One MS/MSD pair must be 
processed for each preparation batch. A matrix spike (MS) is a field sample to which’ 
known concentrations of target analytes have been added. A matrix spike duplicate 
(MSD) is a second aliquot of tbe same sample (spiked identically as the MS) prepared 
and analyzed along with the sample and matrix spike. Some client specific data 
quality objectives (DQO’s) may require the use of sample duplicates in place of or in 
addition to MS/MSDs. The MWMSD results are used to determine the effect of a 
matrix on the precision and accuracy of the analytical process. Due to the potential 
variability of the matrix of each sample, these results may have immediate bearing 
only on the specific sample spiked. Samples identified as field blanks cannot be used 
for MS/MSD analysis. Spiking levels are provided in Tables BI and VI (Appendix 
A). 

l If any analyte recovery or RPD falls outside the acceptance range, the recovery of 
that analyte must be in control for the LCS. For both methods 200.7 and 6010B. 
control limits of 75 - 125% recovery and 20% RPD or historical acceptance 
criteria must be applied to the MSIMSD. If the LCS recovery is within limits, 
then the laboratory operation is in control and the results may be accepted. If the 
recovery of the LCS is outside limits corrective action must be taken. Corrective 
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9.5. 

9.6. 

9.7. 

action will include repreparation and reanalysis of the batch. MSlMSD results 
which fall outside the control limits must be addressed in the narrative. 

. If the native analyte concentration in the MS/MSD exceeds 4x the spike level for 
that analyte, the recovery data are reported as NC (i.e., not calculated). If the 
reporting software does not have the ability to report NC then the actual recovery 
must be reported and narrated as follows: ‘Results outside of limits do not 
necessarily reflect poor method performance in the matrix due to high analyte 
concentrations in the sample relative to the spike level.” 

. If an MSlMSD is not possible due to limited sample volume then a laboratory 
control sample duplicate (LCSD) should be analyzed. The RPD of the LCS and 
LCSD must be compared to the matrix spike RPD limits. 

l For dissolved metals samples which have not been digested, a MS/MSD must be 
performed per batch of up to 20 samples by spiking two aliquots of the sample at 
the levels specified in Table IlI (Appendix A). 

Dilution test-A dilution test is performed to determine whether significant physical 
or chemical interferences exist due to the sample matrix. One sample per preparation 
batch must be processed as a dilution test. The test is performed by running a sample 
at a 5x (1:4) dilution. Samples identified as field blanks cannot be used for dilution 
tests. The results of the diluted sample, after correction for dilution, should agree 
within 10% of the original sample determination when the original sample 
concentration is greater than 50x the IDL. If the results are not within 10%. the 
possibility of chemical or physical interference exists. 

Initial Calibration Verification (ICV/ICB) - Calibration accuracy is verified by 
analyzing a second source standard (ICV). For analyses conducted under Method 
200.7; the ICV result must fall within 5% of the true value for that solutiorrwith 
relative standard deviation ~3% from replicate (minimum of two) exposures. For 
Method 601OB, the ICV must fall within 10% of the true value for that solution with 
relative standard deviation ~5% from replicate (minimum of two) exposures. An ICB 
is analyzed immediately following the ICV to monitor low level accuracy and system. 
cleanliness. The ICB result must fall within +/- the RL from zero. If either the ICV 
or ICB fail to meet criteria, the analysis should be terminated, the problem corrected, 
the instrument recalibrated and the calibration reverified. (See Section 11.11 or 11.12 
for required run sequence). 

Continuing Calibration Verification (CCV/CCB) - Calibration accuracy is monitored 
throughout the analytical run through the analysis of a known standard after every 10 
samples. The CCV is be a mid-range standard made from a dilution of the 
calibration standard. The CCV for both methods must fall within 10% of the true 
value for that solution with relative standard deviation ~5% from replicate (minimum 
of two) exposures. A CCB is analyzed immediately following each CCV. (See 
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Section 11.11 or 11.12 for required run sequence.) The CCB result must fall within 
+/- RL from zero. If the blank is less than 1110 the concentration of the action level of 
interest, and no sample is within 10% of the action limit, reanalysis and recalibration 
are not required before continuation of the run. Sample results may only be reported 
when bracketed by valid CCVKCB pairs. If a mid-run CCV or CCB fails, the 
analysis for the affected element must be terminated, the problem corrected, the 
instrument recalibrated, the calibration verified and the affected samples reanalyzed. 
(Refer to Section 11.13 for an illustration of the appropriate rerun sequence). ‘. 

9.8. Interference Check Analysis (ICSA/ICSAB) - The validity of the interelement 
correction factors is demonstrated through the successful analysis of interference 
check solutions. The ICSA contains only interfering elements, the ICSAB contains 
analytes and interferents. Refer to Table V (Appendix A) for the details of ICSA and 
ICSAB composition. Custom Quanterra multielement ICS solutions must be used. 
All analytes should be spiked into the ICSAB solution, therefore, if a non-routine 
analyte is required then it should be manually spiked into the ICSAB using a certified 
ultra high purity single element solution or custom lab-specific mix. If the ICP will 
display overcorrection as a negative number then the non-routine elements can be 
controlled from the ICSA as described in section 9.8.3. Elements known to be 
interferents on a required analyte must be included in the ICP run when that analyte is 
determined. Aluminum, iron, calcium and magnesium must always be included in all 
ICP runs. 

9.8.1. The ICSA and ICSAB solutions must be run at the beginning of the run. (See 
Section 11.11 or 11.12 for required run sequence.) 

9.8.2. The ICSAB results for the interferents must fall within 80 - 120% of the true 
value. If any ICSAB interferent result fails criteria, the analysis should be 
terminated, the problem corrected, the instrument recalibrated and the samples 
rerun. 

9.8.3. ICSA results for the non-interfering elements with reporting limits _< 10 ug/L 
must fall within the Quanterra guidelines of + 2x RL from zero. ICSA results 
for the non-interfering elements with RLs> 10 ug/L must fall within the 
Quanterra guidelines off lx RL from zero. If the ICSA results for the non- 
interfering elements do not fall within +/- 2x RL (RL 210) or + 1xRL (WlO) 
from zero the field sample data must be evaluated as follows: 

9 If the non-interfering element concentration in the ICSA is the result of 
contamination versus a spectral interference, and this reason is 
documented, the field sample data can be accepted. 

l If the affected element was not required then the sample data can be 7% 

accepted. 
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. ffthe interfering elements are not present in the field sample at a 
concentration which would result in a false positive or negative result 
greater than +/- 2x RL from zero then the field sample data can be 
accepted. 

l If the interfering element is present in the field sample at a level which 
would result in a false analyte signal greater than + 2x RL from zero, the _ 
data can be accepted only if the concentration of the affected analyte in the 
field sample is more than 10x the analyte signal in the ICSA. 

. If the data does not meet the above conditions then the IECs must be re- 
evaluated and corrected if necessary and the affected samples reanalyzed 
or the sample results manually corrected through application of the new 
IEC to the raw results. If the results are recalculated manually the 
calculations must be clearly documented on the raw data. 

9.9. Method of Standard Addition (MSA) -This technique involves adding known 
amounts of standard to one or more aliquots of the processed sample solution. This 
technique compensates for a sample interferent that may enhance or depress the 
analyte signal, thus producing a different slope from that of the calibration standards. 
It will not correct for additive interferences which cause a basehne shift. Refer to 
Section 11.17 for additional information on when MSA is required as well as 
Appendix D for specific MSA requirements. 

9.10. Quality AssurancelProject Summaries - Certain clients may require project- or 
program-specific QC which may supersede this SOP requirements. Quality 
Assurance Summaries (QASs) or equivalent documents providing project-specific 
requirements should be developed so that project staff clearly understand the special 
project requirements. 

10. CALIBRATION AND STANDARDIZATION 

10.1. Set up the instrument with the operating parameters recommended by the 
manufacturer. Allow the instrument to become thermally stable before beginning 
calibration (approximately 30 minutes of warm-up is required). 

10.2. Profile and calibrate the instrument according to the instrument manufacturer’s 
recommended procedures. Flush the system with the calibration blank between each 
standard or as the manufacturer recommends. The calibration curve must consist of a 
minimum of a blank and a standard. Refer to the facility-specific instrument SOP or 
ICP instrument manual for a detailed set up and operation protocols. 

10.3. Calibration must be performed daily and each time the instrument is set up. 
Instrument runs may becontinued over periods exceeding 24 hours as long as all 
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calibration verification (CCV) and interference check QC criteria are met. The 
instrument standardization date and time must be included in the raw data. 

10.4. Refer to Section 9.0 for calibration verification procedures,.acceptance criteria and 
corresponding corrective actions. 

11. PROCEDURE 

11.1. For 200.7 analyses, dissolved (preserved) samples must be digested unless it can be 
documented that the sample meets all of the following criteria: 

A. Visibly transparent with a turbidity measurement of 1 NTU or less. 

B. Is of one liquid phase and free of particulate or suspended matter following 
acidification. 

C. Is NOT being analyzed for silver. 

&=A minimum of m exnosures for each standard, field sample and QC sample I 
is required. The average of the, exposures is reported. For Trace ICP analyses, the 
results of the sum channel must be used for reporting. 

11.3. 

11’.4. 

11.5. 

11.6. 

11.7. 

11.8. 

11.9. 

Prior to calibration and between each sample/standard the system is rinsed with the 
calibration blank solution. The minimum rinse time between analytical samples is 60 
seconds unless following the protocol outlined in 9.1.6 it can be demonstrated that a 
shorter rinse time may be used. T&on-X can be added to the rinse solution to 
facilitate the rinse process. 

The use of an autosampler for all runs is strongly recommended. 

The use of automated QC checks through the instrument software is highly. 
recommended for all calibration verification samples (ICVCCV), blanks 
(ICB,CCB,PB), interference checks (ICSAJCSAB) and field samples (linear range) to 
improve the data review process. 

To facilitate the early identification of QC failures and samples requiring rerun it is 
strongly recommended that sample data be reviewed periodically throughout the run, 

To facilitate the data review and reporting processes it is strongly recommended that 
all necessary dilutions be performed before closing out the instrument run. 

For unattended overnight auto-runs it is strongly recommended that the frequency of 
ICSA/ICSAB analysis be increased to every 4 hours. 

The use of an internal standard is recommended on the conventional, non-Trace ICPs 
as an alternative to using the method of standard additions. This technique is useful 
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11.10. 

_- 

in overcoming matrix interferences especially in high solids matrices. However, for 
conventional ICP techniques, internal standards may not be necessary provided that 
one of the following is performed to minimize physical interferences: (1) peristaltic 
pump is used, (2) high solids nebulizer is used, or (3) high solids samples are diluted 
and reanalyzed. 

The use of an internal standard is reuuired on the Trace ICP unless the calibration 
and QC standards are matrix matched to each digestion procedure used as follows:~ 

The following procedural guidelines must be followed when using an internal 
standard: 

&l&l 1.10.1. Typically used internal standards are: yttrium or scandium. (Note: I 
Any element can be used that is not typically found in environmental 
samples at a high rate of occurrence.) 

11.10.2. The internal standard (IS) must be added to every sample and standard at the 
same concentration. It is recommended that the IS be added to each 
analytical sample automatically through use of a third pump channel and 
mixing coil. Internal standards should be added to blanks, samples and 
standards in a like manner, so that dilution effects resulting from the 
addition may be disregarded. 

11.10.3. The concentration of the internal standard should be sufficiently high to 
obtain good precision in the measurement of the IS analyte used for data 
correction and to minimize the possibility of correction errors if the IS 
analyte is naturally present in the sample. 

11.10.4; The internal standard raw intensity counts must be printed on the raw data. 
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11.105 The analyst must monitor the response of the internal standard throughout 
the sample analysis run. This information is used to detect potential 
problems and identify possible background contributions from the sample 
(i.e., natural occurrence of IS analyte). 

11.10.5.1. If the intemal’standard counts fall within f30% of the counts 
observed in the ICB then the data is acceptable. 

11.10.5.2. If the internal standard counts in the field samples are more than 
530% higher than the expected level, the field samples must then be: 

(3) A different internal standard must be used. 

&l-&l I. 11, The following analytical sequence must be used for Methods 6OlOB and 
200.7: 

I_ 

Instrument Calibration 
ICV 
ICB 
ICSA 
ICSAB 
8 samples 
ccv 
CCB 
10 samples 
ccv 
CCB 
Repeat sequence of up to 10 samples between CCVKCB pairs as required to 
complete run 
ccv ’ 
CCB 

Refer to Quality Control Section 9.0 and Table VII (Appendix A) for Method 6010B 
and 200.7 quality control criteria. 

&~Additional quality control analyses are necessary for analysis under the I 
Contract Laboratory Program (CLP). If these are included then CLP, 6010 and 200.7 - 
samples can be included in the same sequence. Refer to CORP-MT-002 for details. 
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11.13. Full method required QC must be available for each wavelength used in determining 
reported analyte results. 

11.14. Guidelines are provided in the appendices on procedures to minimize contamination 
of samples and standards, preventive maintenance and troubleshooting. 

: 
11.,15. All measurements must fall within the defined linear range where spectral 

interference correction factors are valid. Dilute and reanalyze all samples for required 
analytes that exceed the linear range or use an alternate wavelength for which QC data 
are established. If an interelement correction exists for an analyte which exceeds the 
linear range, the IEC may be inaccurately applied. Therefore, even if an overrange 
analyte may not be required to be reported for a sample, if that analyte is a interferent 
for any requested analyte in that sample, the sample must be diluted. Acid strength 
must be maintained in the dilution of samples. 

11.16. For TCLP samples, full four-point MSA will be required if all of the following 
conditions are met: 

1) recovery of the analyte in the matrix spike is not at least 50%, 

2) the concentration of the analyte does not exceed the regulatory level, and, 

3) the concentration of the analyte is within 20% of the regulatory level. 

The reporting and regulatory limits for TCLP analyses as well as matrix spike levels 
are detailed in Table VI (Appendix A). Appendix E provides guidance on performing 
MSA analyses. 

&l&m Any variation in procedure shall be completely documented using instrument I 
run logs, maintenance logs, reportnarratives. a Nonconformance Memo, or an 
anomaly report and is approved by a Supervisor/Group Leader and QA Manager. If 
contractually required, the client shall be notified by the Project Manager. 

11.18. Nonconformance documentation shall be filed in the project file. 

11.19. Any unauthorized deviations from this procedure must also be documented as a 
nonconformance, with a cause and corrective action described. 

12. DATA ANALYSIS AND CALCULATIONS 

12.1. ICV percent recoveries are calculated according to the equation: 
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l&cCCV percent recoveries are calculated according to the equation: 

%R=l 
Found(CCV) 
nz4e(CCV) 

l&12.3. Matrix Spike Recoveries are calculated according to the following equation: 

Where: 
SSR = Spike Sample Result 
SR = Sample Result 
SA = Spike Added 

Ml2.4. The relative percent difference (RPD) of matrix spike/matrix spike duplicates 
are calculated according to the following equations: 

Where: 
MS = determined spiked sample concentration 
MSD = determined matrix spike duplicate concentration 

G12.5. The final concentration for a digested aqueous sample is calculated as follows: 

mglL= 
CxVlxD 

v2 

Where: 
C = Concentration (mg/L) from instrument readout 
D = Instrument dilution factor 
Vl = Final volume in liters after sample preparation 
V2 = Initial volume of sample digested in liters 

&&&The final concentration determined in digested solid samples when reported 
on a dry weight basis is calculated as follows: 
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mg I Kg,dty weight = 
CxVxD 

wxs 

Where: 
C = Concentration (mg/LJ from instrument readout 
D = Instiument dilution factor 
V = Final volume in liters after sample preparation. _ 
W = Weight in Kg of wet sample digested 
S = P&cent solids/l00 

Note: A Percent Solids determination must be performed on a separate aliquot when 
dry weight concentrations are to be reported. If the results are to be reported on 
wet weight basis the ‘5” factor should be omitted from the above equation. 

-l&12.7. The LCS percent recovery is calculated according to the following equation: I 

J&12.8. The dilution test percent difference for each component is calculated as I 
follows: 

Where: 
I = Sample result (Instrument reading) 
S = Dilution test result (Instrument reading x 5) 

4412.9. Appropriate factors must be applied to sample values if dilutions are I 
performed. 

12.10. Sample results should be reported with up to three significant figures in accordance 
with the Quanterra significant figure policy. 

13. METHOD PERFORMANCE 

13.1. Each laboratory must have initial demonstration of performance data on file for each 
analyte of interest as described in Section 9.0. 

13.2. Refer to Tables I, IA & II in Appendix A for the list of Method 6010B and 200.7 
analytes as well as additional analytes that may be analyzed using this SOP. 



JNDUCTlVELY COUPLED PLASMA-ATOMIC EMISSION 
SPECTROSCOPY, SPECTROMETRIC METHOD FOR TRACE 
ELEMENT ANALYSIS, METHOD 601OB AND METHOD 200.7 

SOP No. CORP-MT-0001 
Revision No. 2 
Revision Date: 12/15/97 
Page: 22 of 501 

13.3. Method performance is determined by the analysis of MS and MSD samples as well 
as method blanks and laboratory control samples. The MS or MSD recovery should 
fall within +/- 25 % and the MSlMSD should compare within 20% RPD or within the 
laboratory’s historical acceptance limits. These criteria apply to analpe 
concentrations greater than or equal to 1OxIDL. Method blanks must meet the criteria 
specified in Section 9.2. The laboratory control samples should recover within 20% 
(15% for 200.7) of the true value or within the laboratory’s historical acceptance 
limits. 

13.4. Training Qualification: 

The group/team leader or the supervisor has the responsibility to ensure that this 
procedure is performed by an associate who has been properly trained in its use and 
has the required experience. 

14. POLLUTION PREVENTION 

14.1. This method does not contain any specific modifications that serve to minimize or 
prevent pollution. 

15. WASTE MANAGEMENT 
I; 

15.1. Waste generated in the procedure must be segregated and disposed of according to the 
facility hazardous waste procedures and per the local, state, and federal regulations. 
The Environmental Health and Safety Director should be contacted, if’additional 
information is required. 

15.2. Standards should be purchased and prepared in volumes consistent with laboratory 
use to minimize the volume of expired standards to be disposed.. 

16. REFERENCES 

16.1. 

16.2. 

16.3. 

16.4. 

40 CFR Part 136, Appendix B, 7-5-95, Determination of Method Detection Limits. 

Test Methods for Evaluating Solid Waste , Physical/Chemical Methods, SW-846,3rd 
Edition, Final Update III, Revision 2, December 1996. Method 601OB. 

Determination of Metals and Trace Elements in Water and Wastes by Inductively 
Coupled Plasma-Atomic Emission Spectrometry, Revision 4.4, May 1994. Method 
200.7. 

CORP-MT-OC02, Inductively Coupled Plasma-Atomic Emission Spectroscopy, 
Method 200.7 & CLP-M, SOW lLMO3.0. 
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16.5. QA-003, Quanterra QC Program. 

16.6. QA-004, Rounding and Significant Figures. 

16.7. QA-005, Method Detection Limits. 

17. MISCELLANEOUS (TABLES, APPENDICES, ETC.) 

17.1. Modifications/Interpretations from reference method 

17.1.1: Modifications/interpretations from both Methods 601OB and 200.7. 

17.1.1.1. Quanterra laboratories use mixed calibration standard solutions 
purchased from approved vendors instead of using individual mixes 
prepared in house as recommended by the subject methods. 

17.1.1.2. The alternate run sequence presented in Section 11.12 is consistent 
with method requirements. Additional QC (i.e., ICSA) analyses 
were added to accommodate the CLP protocol requirements. 

17.1.1.3. Methods 200.7 and 6OlOB state that if the correction routine is 
operating properly, the determined apparent analyte(s) concentration 
from analysis of each interference solution should fall within a 
specific concentration range around the calibration blank. In 
determining IECs, because of lack of definition clarification for 
“concentration range around the calibration blank,” Quanterra has 
.adopted the procedure in EPA CLP lLMO4.0. 
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17.1.1.4. Section 8.5 ofMethod 6OlOB and Section 9.5 of Method 200.7 
recommend that whenever a new or unusual matrix is encountered, a 
series of tests be performed prior to reporting concentration data for 
that analyte. The dilution test helps determine if a chemical or 
physical interference exists. Because Quanterra laboratories receive 
no prior information from clients regarding when to expect a new or 
unusual matrix, Quanterra may select to,perform a dilution test on _ 
one sample in each prep batch. According to the method, the post 
digestion spike (PDS) determines any potential matrix interferences. 
At Quanterra labs, matrix interference is determined by evaluating 
data for the LCS and MS/MSD. Quanterra requires documented, 
clear guidance when a new or unusual matrix will be received for a 
project and a request to perform the dilution test or PDS on a client- 
identified sample. 

17.1.2. Modifications from Method 200.7. 

17.1.2.1. Method 200.7 defines the IDL as the concentration equivalent to a 
signal, due to the analyte, which is equal to three times the standard 
deviation of a series of ten replicate measurements of the calibration 
blank signal at the same wavelength. Quanterra labs utilize the CLP 

- 

IDL definition as defined in Section 9.1.1 of this SOP. 

17.1.2.2. The calibration blank is prepared in an acid matrix of 5% HNOs/5% 
HCl instead of the specified 2% HNOs/lO% HCl matrix as the 
former matrix provides for improved performance relative to the 
wide variety of digestate acid matrices which result from the various 
EPA preparation protocols applied. 

17.1.2.3. Method section 9.3.4 specifies that “Analysis of the IPC (ICSA/AB) 
solution immediately following calibration must verify that the 
instrument is witbin k 5% of calibration with a relative standard 
deviation ~3% from replicate integrations 2 4.” Quanterra uses a 
minimum of two exposures. 
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17.1.2.4.Section 7.12 of 200.7 indicates that the QCS (ICV) should be 
prepared at a concentration near 1 ppm. The, ICV specified in this SOP 
accommodates the 1 ppm criteria for the majority of aralytes. For the 
remaining analytes, this SOP specifies ICV concentrations which are 
appropriate to the range of calibration. The intent of the ICV, 
verification of calibration standard accuracy, is independent of the ICV 
concentration used. 

17.1.2.5. The ICS criteria applied by this SOP differ from those stated in the . 
method. Method 200.7 section 10.4 states that results should fall 
within the established control limits of 3 times the standard deviation 
of the calibration blank for that analyte. The control limits listed in 
this SOP are those applicable to the EPA designed solution. 

17.1.2.6. Method 200.7 section 9.3.4 states the CCB should be less than the 
IDL, but > the lower 3-sigma control limit of the calibration blank. 
The intent of this requirement is to ensure that the calibration is not 
drifting at the low end. Quanterra has adopted an absolute control 
limit of +/- RL from zero for calibration blank criteria. SOP section 
9.7 provides the detailed corrective action criteria that must be 
followed. 

17.1.3. Modifications from Method 601OB. 

17.1.3.1. Chapter 1 of SW-846 states that the method blank sliould not contain 
any analyte of interest at or above the MDL. This SOP states that the. 
method blank must not contain any analyte of interest at or above the 
reporting limit. Common lab contaminants are allowed up to two 
times the reporting limit in the blank following consultation with the 
client. 

17.1.3.2. Method 6010B section 8.6.1.3 states that the results of the calibration 
blank are to agree within 3x the IDLIf not, repeat the analysis two or. 
more times and average the results. If the average is not within three 
standard deviation of the background mean, terminate the analysis, 
correct the problem, recalibrate, and reanalyze the previous 10 
samples. The intent of this requirement is to ensure that the 
calibration is not drifting at the low end. Quanterra has adopted an 
absolute control limit of +/- RL from zero for calibration blank 
criteria. See SOP Section 9.7 for a detailed description of the 
required corrective action procedures. 

17.2. Modifications from previous SOP 
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Refer to revision 1 of this SOP. 

-17.3. Facility-Specific SOPS I 

Each~facility shall review and revise as appropriate this SOP to reflect any facility-~ 
specific requirementsIf no facility-specific amendments are required, the SOP can be 
adopted as is. 

%-Documentation and Record Management 

The following documentation comprises a complete ICP raw data package: 

. Raw data (direct instrument printout). 

. Relevant sample preparation benchsheets. 

l Run log printout from instrument software where this option is available (TJA) or 
manually generated run log (i.e., Ward WSL printout). 

l Data review checklist - See Appendix B. 

l Standards documentation (including prep and expiration dates, source, and lot #). - 

l Nonconformance/anomaly documentation (if applicable). 
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17.5. Flow Diagram 

I I 

Set up and stabilize 
instrument. 

Perform end run 

..- 
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APPENDIX A 

TABLES 
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TABLE I. Method 200.7 and 6OlOB Target Analyte Lit 

ELEMENT Symbol CAS # 6OlOB 200.7 Reporting Limit Reporting Limit 
analyte analyte (ugL) Water (mgkg) Soil 

Aluminum Al 7429-90-s X x 200 .20 
X 60 6.’ 
X 300 30 

Antimony 
Arsenic 
Barium 

Beryllium 
Boron 

Sb 
AS 
Ba 
Be 
B 

7440-36-o X 
7440-38-2 X 
7440-39-3 x X 200 20 
744041-7 x X 5.0 0.5 
744042-S X 200 20 

-- I I --” I a” 

Si 1 7631-86-9 ( 1 ii 1 500 N/A 
AL7 I 7AAn-734 I Y I Y I Ill I 1 1 

Strontium 
Thallium 
Vanadium 

Zinc 

Sr 1 7440.,,-, 
Tl I 7”“c1-,P n I 

V 
zn 

,-r-r”-&“-” , X X &VW LW 
7440-62-2 1 X X 50 5 
7440-66-6 1 X X .20 2 

/- 

CY-iL75- 
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TABLE IA. Method 200.7 and 6OlOB Trace ICP Target Analyte Lit 

TABLE II. Non-Routine Analyte List 

NOTE: Analysis of all elements listed may not be available at all Quantena facilities. 
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TABLE III. Matrix Spike and Aqueous Laboratory Control Sample I k !veIs 

Phosphorous 10000 10000 
Potassium 5oooo slooO 
Selenium 2ooo 2ooo 

Silver 50 50 
Sodium mooo 5oooo 

Strontium 1000 1000 
Thallium 2ooo 2ooo 

Vanadium 500 500 
ZitlC 500 500 

c Boron 1000 1000 
Silicon 

Tin 
Titanium 
Bismuth 

Zirconium 
Tellurium 

10000 10000 
2ooo 2ooo 
loo0 loo0 
1000 1000 
1000 1000 
loo0 loo0 

Thorium 1000 1000 
Uranium 1COO 1000 
Tungsten 1000 1000 
Palladium 1000 _ 1000 



Ih’DUCTIVELY COUPLED PLASMA-ATOMIC EMISSION 
SPECTROSCOPY, SPECTROMETRIC METHOD FOR TRACE 
ELEMENT ANALYSIS, METHOD 601OB AND METHOD 200.7 
APPENDIX A - TABLES 

SOP No. CORP-MT-0001 
Revision No. 2 
Revision Date: 12/15/97 
Page: 32 of m -, 

TABLE IV. ICP Calibration and Calibration Verification Standards 
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TABLE IVA. Trace ICP Calibration and Calibration Verifcation Standards 

Calibration Level 
s3ooo 
1000 
. ̂ ,̂. 

lo 

RL WI-~ ICV (q 
200 12500 
10 250 
10 250 
10 1000 
5 1000 

I 2 I 250 I 
I I 25000 

copper I 4wu I ‘3 I IUW I ‘VW 

Iron 5ooor Inn 17<nn 3cnnn 

2sorKl 150000 

lnnn I 2lMo I 

I 7nnn I 
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TABLE V. Interference Check Sample Concentrations* 

Silver 1000 
Sodium 10000 

Thallium 1OOOO** 
Vanadium 500 

Zinc 1000 
Tin 1000 

* Custom Quanterra solutions, contain analytes common to all Quanterra facilities. 
elements not listed above should be spiked into the ICSAB at 1000 ug/L. 

** Thallium level for Trace ICP should be at 1000 I@. 

CORP-MT-oool 
No. 2 
Date: 12/15/97 
of m 

Non-routine 

c4 -m 
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TABLE VI. TCLP Reporting Liits, Regulatory I.&nits and Matrix Spike Levels 
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TABLE VIL Summary Of Quality Control Requirements 

Two-point Initial 
Calibration 

ICV 

1CB 

CCB 

ICSA 

1csAB 

Beginning of every 
analytical nm, every 
24 hours, whenever 
instrument is 
modified, or CCV 
criterion is not met 
Beginning of every 
analytical run. 

Beginning of every 
analytical run, 
immediately 
following the ICV. 
Every 10 samples 
and at the end of the 
run. 

Immediately 
following each 
ccv. 

Beginning of every 
run 
Immediately 
following each 
ICSA. 

RSD between 
duplicate exposures 
55% 

Method 200.7: 
95 - 105 % recovery. 

Method 6OlOB: 
90 - 110 % recovery. 

The result must be 
within +/- RL from 
zero. 

Method 200.7 & 
6OlOB: 

90 - 110 % recovery. 

The result must be 
within +/- RL from 
zero. 

See Section 9.8.3 
Results must be within 
80 - 120% recovery. 

* See Sections 11.11 and 11.12 for exact run sequence to be followed. 

Terminate analysis; 
Correct the problem; 
Prepare new standards; 
Recalibrate following 
system performance. 

Terminate analysis; 
Correct the problem; 
Recalibrate. 

Terminate analysis; 
Correct the problem; 
Recalibrate. 

Terminate analysis; 
Correct the problem; 
Recalibrate and rerun 
all samples not 
bracketed by 
acceptable CCV. 
Terminate analysis; 
Correct the problem; 
Recalibrate and rerun 
all srimples not 
bracketed by 
acceptable CCB. 
See Section 9.8.3. 

See Section 9.8.2. 
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,- 

‘ABLEVIL Summi 

Mution Test 

vlethod Blank 

aboratoryContro1 
sample (LCS) 

3ne per prep batch. 3ne per prep batch. 

3ne per sample 
preparation batch of 
up to 20 samples. 

3ne per sample 
preparation batch of 
Ip to 20 samples. 

For samples > 50x IDL, For samples > 50x IDL, 
dilutions must agree within 
10%. 

The result must be less 
th or equal to the RL. 

co 
1 

on lab contaminants 
ma be accepted up to 2x 
the RL after consultation 
with the client (See 
9.2). 

Sample results greater than 
10x the blank 
concentration are 
acceptable. 

Samples for which the 
contaminant is c RL may 
not require redigestion or 
reanalysis (see Section 
9.2). 
Aqueous LCS must be 
within 80 - 120% recovery 
or in-house control limits. 
(85-115% for 200.7) 

Samples for which the 
contaminant is < RL and 
the LCS results are > 120% 
(115% for 200.7) may not 
require redigestion or 
reanalysis (see Section 9.3) 

Narrate the possibility 
of physical or 
chemical interference 
Per client request; 
Redigest and reanalyze 
samples. 

Note exceptions under 
criteria section. 

See Section 9.2 for 
additional 
requirements. 

Terminate analysis; 
Correct the problem; 
Redigest and reanalyze 
all samples associated 
with the LCS. 
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TABLE VII. Summary of Quality Control Requirements (Continued) 

TCLP See Section 11.17. 

Section 11.17. 
Matrix Spike 1 See Matrix Spike 1 75 - 125 % recovery; RPD 1 See Corrective Action 
Duplicate 520%. 1 for Matrix Spike. 

&J-/74 . 
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APPENDIX B 

QUANTERRA ICP DATA REVIEW CHECKLIST 
_- 
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Quantsxra ICP Data Review Checklist 

w R 

Run Date: Analyst: htnutlent: 

Prep Batches Run: 

Cide M&&S wd: 6010B I200.7: CORP-MT-0001 RW 2 
CLP ILM03.0/4.0 : CORP-MT-0002 Rev 1 

1. Are all nonconformances documented appropriately ? 
2. Current lDL/LR/IEC data on file ? 
3. Calculations checked for error ? 
4. Trpn.scriptionr checked for error ? 
5. All client/project specific requirements met ? 
6. Date/time of analysis verified as correct ? 

Analyst: Date: 
Comments: 

2nd Level Reviewer : 
Comments: 

Date: 
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APPENDIX C 

CROSS REFERENCE OF TERMS USED IN METHODS 6010B, 200.7, AND BY 
QUANTERR4 
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CROSS REFERENCE OF TERMS COMMONLY USED W 
METHODS EPA 200.7, SW6OlOB, AND QUANTERRA INC. SOP 

Dilution test Dimion test Dilution Test 

Instrument detection limit (IDL) Instmment detection limit (IDL) Instrument detection limit (IDL) 

Instrument performance check Continuing calibration verifcation Continuing calibration verification 

ow ww (CW 

Internal standard Intemd stnndard Internal standard (IS) 

L&oratory duplicates 

Laboratory fortified blank (LFB) 

n/a 

da 

da 

Laboratory control sample (LCS) 

Laboratory ford&d sample matrix Matrix spike and matrix spike Matrix spike and matrix spike 
I 

&FM) duplicate (MS/TvfSD) duplicate (MSNSD) I 

Laboratory reagent blank (LRR) 

Linear dynamic range (LDR) 

Method detection Limit (MDL) 

Method bkmk 

Linear dynamic range (LDR) 

Method detection limit (MDL) 

Method or Prep blank (MB) 

Linear dynamic range (LDR) 

Method detection limit (MDL) 

Quality control sample (QCS) Check standard or Initial 
calibration verification (ICV) 

Initial calibration verification (ICV) 

Spectral interference check 
solution (SIC) 

Interference check solution (KS) Interference check solution 
(ICSAACSAB) 

I I I 
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APPENDIX D 

MSA GUIDANCE 
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Appendix D. MSA Guidance 

Method of Standard Addition 

Four equal volume aliquots of sample arc measured and known amounts of standards are added to 
three aliquots. The fourth aliquot is the unknown and no standard is added to it. The concentration 
of standard added to the first aliquot should be 50% of the expected concentration. The 
concentration of standard added to the second aliquot should be 100% of the expected concentration 
and the concentration of standard added to the third aliquot should be 150% of the expected 
concentration. The volume of the unspiked and spiked standard should be the same. 

In order to determine the concentration of analyte in the sample, the analytical value of each solution 
is determined and a plot or linear regression performed. On the vertical axis the analytical value is 
plotted versus the concentrations of the standards on the horizontal axis. An example plot is shown 
in Figure 1. When the resulting line is extrapolated back to zero absorbance, the point of 
interception of the horizontal axis is the concentration of the unknown. 

Addn 0 ,Addn 1 Addn 2 Addn 3 
No Addn Addn of 50% Addn of 100% Addn of 150% 

of Expected of Expected of Expected 
Amount Amount AlllOUIU 

For the method of standard additions to be correctly applied, the following limitations must be taken 
into consideration: 

l The plot of the sample and standards must be linear over the concentration range of concern. For 
best results, the slope of the curve should be similar to that of a plot of the aqueous standard 
curve, 

l The effect of the interference should not vary as the ratio of the standard added to the sample 
matrix changes. 
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APPENDIX E 

TROUBLESHOOTING GUIDE 
-. 
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APPENDIX E. TROUBLESHOOTING GUIDE 

‘roblem Possible Cause/ Solution 

figh Blanks 

nstrurnent Drift 

3ratic Readings, 
;lickering Torch or 
3ighRSD 

Increase rinie time 
Clean or replace tip 
Clean or replace torch 
Clean or replace sample tubing 
Clean or replace nebulitir 
Clean or replace mixing chamber 
Lower Torch 
RF not cooling properly 
Vacuum level is too low 
Replace torch (Crack) 
Clean or replace nebulizer (blockage) 
Check room temperature (changing) 
Replace pump tubing 
Room humidity too high. 
Clean torch tip (salt buildup) 
Check for argon leaks 
Adjust sample carrier gas 
Reprofile Horizontal Mirror 
Replace PA tube 
Check for argon leaks 
Adjust sample carrier gas 
Replace tubing (clogged) 
Check drainage(back pressure changing) 
Increase uptake time (too short) 
Increase flush time (too short) 
Clean nebulizer. torch or spray chamber 
Increase sample volume introduced 
Check that autosampler tubes are full 
Sample or dilution of sample not mixed 
Increase integration time (too short) 
Realign torch 

3u/Mn Ratio Outside Limits or 
Low Sensitivity 

Reduce amount of tubing connectors 
Plasma conditions changed 
Clean nebulizer, torch or spray chamber 
Replace tubing (clogged) 
Realign torch 
Check IECs 

standards reading twice normal Incorrect standard used 
absorbance or concentration Incorrect dilution performed 
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APPENDIX F 

CONTAMINATION CONTROL GUIDELINES 
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APPENDIX F. CONTAMINATION CONTROL GUIDELINES 

The following procedures are strongly recommended to prevent conkdnation: 

All work areas used to prepare standards and spikes should be cleaned before and 
after each use. 

All glassware should be washed with detergent and tap water and rinsed with 1: 1 
nitric acid followed by deionized water. 

Proper laboratory housekeeping is essential in the reduction of contamination in the 
metals laboratory. All work areas must be kept scrupulously clean. 

Powdered or Latex Gloves must not be used in the metals laboratory since the powder 
contains silica and zinc as well as other metallic analytes. Only vinyl or nitrile gloves 
should be used in the metals laboratory. 

Glassware should be periodically checked for cracks and etches and discarded if 
found. Etched glassware can cause cross contamination of any metallic analytes. 

Autosampler trays should be covered to reduce the possibility of contamination. 
Trace levels of elements being analyzed in the samples can be easily contaminated by 
dust particles in the laboratory. 

The following are helpful hits in the identification of the source of contaminants: 

Yellow pipet tips and volumetric caps can sometimes contain cadmium. 

Some sample cups have been found to contain lead. 

The markings on glass beakers have been found to contain lead. If acid baths are in 
use for glassware cleaning, they should be periodically checked for contaminants 
since contaminant concentrations will increase over time. 

New glassware especially beakers can be a source of silica and boron: 

Reagents or standards can contain contaminants or be contaminated with the improper 

use of a pipette. 

Improper cleaning of glassware can cause contamination. 

Latex gloves contain over 500 ppb of zinc. 
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APPENDIX G 

PREVENTIVE MAINTENANCE 
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APPENDIX G. PREVENTIVE MAINTENANCE 

A maintenance log is used to record when maintenance is performed on instruments. When an 
instrument problem occurs indicate the date, time and instrument number, then identify the problem 
and corrective action in the maintenance log. 

The following procedures are required to ensure that that the instrument is fully operational. 

Daily 

As Needed 

- 

Weekly 

Monthly 

Bi-yearly 

Change sample pump tubing and pump windings 
Check argon gas supply level 
Check rinse solution and till if needed 
Check waste containers and empty if needed 
Check sample capillary tubing is clean and in good condition 
Check droplet size to verify nebulizer is not clogged. 
Check sample flow for cross flow nebulizer 
Check Cu/Mn ratio-should be 30% of value at date that IECs were performed 
Check pressure for vacuum systems 

Clean plasma torch assembly to remove accumulated deposits 
Clean nebulizer and drain chamber; keep free-flowing to maintain optimum 
performance 
Replace peristaltic pump tubing, sample capillary tubing and autosampler sipper 
probe 

Apply silicon spray on autosampler tracks 
Check water level in coolflow 

Clean air filters on back of power unit to remove dust 
Check D mirror for air instruments 

Change oil for vacuum systems 
Replace coolant water filter (may require more or less frequently depending on quality 
of cooling water) 
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1. SCOPE AND APPLICATION 

1.1. 

1.2. 

1.3. 

1.4. 

1.1.1. This method is applicable to the determination of metals by inductively 
coupled plasma mass spectrometty (ICP-MS). 

1.2.1. This method is applicable to drinking, surface, and saline waters; soil and 
waste samples. 

Reporting Limits 

1.3.1. The Quanterra Inc. (West Sacramento) standard reporting limits for metals 
analyzed by ICP-MS are listed in Appendix A. 

1.3.2. Upon client request, results below the standard reporting limit but above the 
current instrument detection limit (IDL) may be qualified using a “I” flag. 
The flag indicates that the flagged value is considered “estimated” as defined 
by U.S. EPA data validation guidelines. 

Analysis Time 

1.4.1. The analysis time varies depending on the number of analytes and the memory 
characteristics of those analytes quantitated in an analysis run. 

2. 

3. 

SUMMARY OF METHOD 

2.1. Aqueous samples, digestates or leachates are nebulized into a spray chamber where a 
stream of argon carries the sample aerosol through a quartz torch and injects it into a 
radio frequency plasma. There the sample is decomposed and desolvated. The ions 
produces are entrained in the plasma gas and by means of a water-cooled, 
differentially pumped interface, introduced into a high-vacuum chamber that houses a 
quadrupole mass spectrometer. The ions are sorted according to their mass-to-charge 
ratio and measured with a channel electron multiplier. 

DEFINITIONS 

Page: 2 of45 

CL/- 187 
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4. INTERFERENCES 

4.1.1. Isobaric interferences: Isobaric interferences associated with naturally 
occurring isotopes are automatically corrected by the instrument software. 

4.1.2. Isobaric molecular interferences: Corrections for molecular interferences will 
be applied where appropriate based on known or suspected interferences. 

4.1.2.1 .See Appendix B for a list of common interferences and the isotopes 
affected. 

,,-- 

Note: Not all possible interferences are listed. 

4.1.3. Matrix interferences: Internal standards will be used to correct for some 
matrix interferences. 

4.1.4. A representative sample(s) of the project or projects being analyzed will be 
screened to avoid using an analyte as an internal standard that is present in the 
samples at a level greater than 10% of the level in the internal standard. 

4.1.5. Internal skndards should be added at a level to give approximately 100,000, - 
500,000 counts of raw signal intensity. The mass of the internal standard used 
should ideahy be within *50 amu of the mass of the affected analyte. 

4.1.6. Severe matrix effects will be monitored by comparing the internal standard 
intensity in the sample to the internal standard intensity of the initial 
calibration blank (ICB). If the internal standard intensity is less than 30% or 
greater than 120% of the internal standard intensity of the ICB, a fivefold 
dilution will be performed on the sample to correct for severe matrix effects, 
and the sample reanalyzed. 

5. SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of all 
Quanterra associates. 

5.2. Eye protection that satisfied ANSI 287.1 (as per the Chemical Hygiene Plan), 
laboratory coat, and chemically resistant gloves must be worn while samples, 
standards, solvents, and reagents are being handled. Disposable gloves that have been 
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contaminated will be removed and discarded, other gloves will be cleaned 
immediately. 

52.1. Neoprene, natural rubber, nitrile, and TRIO&B Cleanroom gloves provide . 
varying degrees of protection against those chemicals listed. Refer to 
permeation/degradation charts for the actual data. 

5.3. The health and safety hazards of many of the chemicals used in this procedure have 
not been fully defined. Additional health and safety information can be obtained from 
the Material Safety Data Sheets (MSDS) maintained in the laboratory. 

5.3.1. The following materials are known to be corrosive: 

sultinic acid; hydrochloric acid; nitric acid; hydrofluoric acid (NOTE: 
sulfuric and hydrofluoric acids are used in cleaning the ICP torch and 
hydrofhroric acid is also commonly used in air toxics preparations.) 1 

5.3.2. The following materials are known to be oxidizing agents: 

nitric acid; hydrogen peroxide. 

5.3.3. The plasma emits strong UV light and is harmful to vision. AVOID looking 
directly at the plasma. 

5.3.4. The RP generator produces strong radio frequency waves, most of which are 
unshielded. People with pacemakers should not go near the instrument while 
in operation. 

5.3.5. Refer to Perkin Elmer/Sciex ICP-MS Operator’s Manual and the SOP LM- 
CAL-2000 KP-MS Opm for information on instrument 
safety and precautions. 

5.4: Exposure to chemicals must be maintained as low as reasonable achievable, 
therefore, unless they are known to be non-hazardous, all samples must be opened, 
transferred and prepared in a fume hood, or under other means of mechanical 
ventilation. Solvent and waste containers will be kept closed unless transfers are 
being made. 
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5.5. The preparation of standards and reagents will be conducted in a fume hood with the 
sash closed as far as the operation will permit. 

5.6. All work must be stopped in the event of a known or potential compromise to the 
health and safety of a Quanterra associate. The situation must be reported 
immediately to a laboratory supervisor. 

5.7. The use of hydrofluoric acid requires special safety precautions. Consult the facility 
EH&S Manager and laboratory supervisor for guidance. 

NOTE: Contact may not be painful at first. The fluoride ion rapidly penetrates the 
skin and may cause delayed effects: lasting ulcerations, bone degeneration, pulmonary 
edema, muscle paralysis, and cardiac arrest. Any suspected exposure to HF 
liquid/fumes must be immediately evaluated by appropriate medical staff (i.e. U.C. 
Davis Medical Group Emergency Room.) Review Appendix G for a detailed first aid 
plan before work with HF begins. 

6. EQUIPMENT AND SUPPLIES 

6.1. Perkin Elmer/Sciex ELAN 5000 ICP-MS 

6.2. Argon gas: High;purity grade (99.99%) 

7. REAGENTS AND STANDARDS 

7.1. Reagent grade water from a Milli-Q, Barnstead, or equivalent polishing system 
reading 18 Mohm or higher. 

7.2. Calibration Standards: Prepare single or multi-element calibration standards as 
appropriate for the analysis. 

7.3: ICV Stock Solution: Prepare calibration verification standards from a source other 
than that used for the calibration. 

7.4. Calibration Check Standard (CCV): The CCV is a mutlielement solution and can be 
the either the ICV or one of the calibration standards. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 
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8.1. Samples are to be collected in plastic or glass containers. 

8.2. All soils must be refrigerated to 4’C + 2’C. 

8.3. The analytical holding time for metals is 6 months by ICP-MS. 

8.4. Aqueous samples for total metals must be digested before analysis using an 
appropriate digestion procedure. The procedure in SOP LM-CAL-2060 for furnace 
analysis is the preferred digestion procedure. The ICP digestate may also be used, but 
this may increase the effect of interferences due to the presence of hydrochloric acid. 
SW846 Preparation Methods 3005,3010, and 3020 and 3051 may also be used when 
appropriate. Upon consultation with the client very clean samples can forego 
digestion to help prevent contamintion when very low detection limits are required. 

8.5. Soil or waste samples should be digested before analysis using an appropriate 
digestion procedure. The furnace digestion in SOP LM-CAL-2060 is preferred and - 
generally gives acceptable results. SW846 Method 3050 and 3051 may also be used. 

9. QUALITY CONTROL 

9.1. Initial Demonstration of Capability 

Prior to analysis of any analyte using Method 6020, the following requirements must 
be met. 

9.1.1. Instrument Detection Limit (IDL) - The IDL for each analyte must be 
determined for each analyte wavelength used on each instrument. The IDL 
must be determined quarterly for the standard analytes listed in Appendix A. 
All other elements will be determined annually. If the instnunent is adjusted 
in any’way that may affect the IDL, the IDL for that instrument must be 
redetermined. 

9.1.1.1 .IDLs shall be determined by multiplying by three the average of the 
standard deviations obtained on three non-consecutive days from the 
analysis of a blank solution with seven consecutive measurements per 
day. 

9.1.1.2.Each measurement must be performed as though it were a separate 
analytical sample. 
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9.1.1.3.Each measurement must be followed by a rinse and/or any other 
procedure normally performed between the analysis of separate 
samples. 

9.1.1.4.The IDL measurement must consist of the same number of replicates 
used for analytical samples with the average result used for reporting. 

9.1.2. Method Detection Limit (MDL) - An MDL must be determined for each 
analyte/matrix prior to the analysis of any samples. The MDL is determined 
using seven replicates of reagent water, spiked with all the analytes of interest, 
that have been carried through the entire analytical procedure. MDL’s must 
be redetermined on an annual basis in accordance with 40 CFR Part 136 
Appendix B requirements as detailed in Quanterra QA Policy QA-005. The 
spike level should be between the calculated MDL and 1 OX the MDL to be 
valid. At a minimum, the result of the MDL determination must be below the 
Quanterra reporting limit. 

9.1.3. Linear Range Verification (LR) -The linear range is determined semi-annually 
(2x/year) for each element on the standard analyte list. Linearity is usually in 
the range of 0 to 1 million counts. For elements not on the standard analyte 
list, linearity will be from 0 to 1 million counts. 

9.1.3.1 .The~ linear range for routinely reported elements must be verified 
quarterly. Standards must be run at increasing concentration until 
elements are no longer within 10% of true value. The last, 
concentration tihere the element was within 10 % of true value is 
considered the upper linear range. For those elements not analyzed 
routinely the upper linear range can be considered to be the 
concentration at l,OOO,OOO counts. 

9.1.4. Interelement Corrections (IEC)-The ICSA and ICSAB solutions must be run 
daily. There are no published ICP-MS acceptance criteria for either the ICSA 
or the ICSAB. Analyses of these samples are used to assess the validity of the 
elemental equations used for the analysis. 

9.2. Method Blank (MB) - One method blank must be processed with each preparation 
batch. The method blank consists of reagent water containing all reagents specific to 
the method that is carried through the entire analytical procedure, including 
preparation and analysis. The method blank is used to identify any system and 
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process interferences or contamination of the analytical system that may lead to’the 
reporting of elevated analyte concentrations or false positive data: The methods blank 
should not contain any snafyte of interest at or above the reporting limtt (exception: 
common laboratory con taminants, see below) or at or above 5% of the measured 
concentration of that analyte’in associated samples, whichever is higher (sample result 
must be a minimum of 20x higher than the blank contamination level). 

. If the analyte is a common laboratory contaminant (copper, iron, or zinc) the data 
may be reported with qualifiers if the concentration of the analyte in the method 
blank is less than two times the RL. Such action must be taken in consultation 
with the client and must be addressed in the project narrative. 

. Reprepsration and reanalysis of all samples associated with an unacceptable 
method blank is required when reportable concentrations are determined in the 
samples (see exception noted above). 

? 
l If there is no analyte greater than the RI. in the samples associated with an 

unacceptable method blank, the data may be reported with qualifiers. Sirch 
action must be taken in consultation with the client and must be addressed in 
the projeci narrative. 

l If the above criteria are not met and reanalysis is not possible, then the sample 
data must be qualified. This anomaly must be addressed in the project 
narrative and the client must be notified. 

l For dissolved metals samples which have not been digested or matrix matched, a 
CCB result is reported as the method blank. The CCB run immediately prior to 
the start of the dissolved sample analyses must be used for this purpose. No more 
than 20 samples can be associated with one CCB. 

9.3. Laboratory Control Sample (LCS) - One aqueous LCS must be processed with each 
preparation batch. The LCS must contain all analytes of interest and must be carried 
through the entire analytical procedure. The LCS is used to monitor the accuracy of 
the analytical process. On-going monitoring of the LCS results provides evidence 
that the laboratory is performing the method within acceptable accuracy and precision 
guidelines. 

l If any analyte is outside established control limits the system is out of control and -. 
corrective action must occur. Until in-house control limits are established, a 
control limit of 80 - 120% recovery must be applied. 

CY -/.93 
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In the event that an MSlMSD analysis is not possible a Laboratory Control 
Sample Duplicate (LCSD) must be analyzed. The RPD of the LCS and LCSD 
must be compared to the matrix spike RPD limits., 

In the instance where the LCS recovery is greater than 120% and the sample 
results are < RL, the data may be reported with qualifiers. Such action must be 
taken in consultation with the client and must be addressed in the case 
narrative. 

Corrective action will be repreparation and reanalysis of the batch unless the 
client agrees that other corrective action is acceptable. 

For dissolved metals samples which have not been digested or matrix matched, a 
CCV result is reported as the LCS. The CCV run immediately prior to the start of 
the dissolved sample analyses must be used for this purpose. No more than 20 
samples can be associated with one CCV. 

9.4. Matrix Spike/Matrix Spike Duplicate (MSh4SD) - One MSlMSD psir must be 
processed for eash preparation batch. A matrix spike (MS) is a field sample to which 
known concentrations of target analytes have been added. A matrix spike duplicate 
(MSD) is a second.aliquot of the same sample (spiked identically as the MS) prepared 
and analyzed along with the sample and matrix spike. Some client specific data 
quality objectives (DQQ’s) may require the use of sample duplicates in place of or in 
addition to MS/MSD’s. The MSMSD results are used to determine the effect of a 
matrix on the precision and accuracy of the analytical process. Due to the potential 
variability of the matrix of each sample, these results may have immediate bearing 
only on the specific sample spiked. Samples identified as field blanks cannot be used 
for MWMSD analysis. 

l If any analyte recovery or RPD falls outside the acceptance range, the recovery of 
that analyte must be in control for the LCS. Control limits of 80 - 120 % recovery 
and 20% RPD (& RL if concentration is <10x the RL) must be applied to the 
MSRYISD. If the LCS recovery is within limits, then the laboratory operation is in 
control and the results may be accepted. If the recovery of the LCS is outside 
limits corrective action must be taken. Corrective action will include 
repreparation and reanalysis of the batch. MS/MSD results which fall outside the 
control limits must be addressed in the narrative. 

l If the native analyte concentration in the MS/MSD exceeds 4x the spike level for 
that analyte, the recovery data are reported as NC (i.e., not calculated). If the 



INDUCTIVELY COUPLED PLASMA 
MASS SPECTROMETRY 
METHOD 6020 

? 
SOP No.SAC-MT-0001 
Revision No. 1 
Revision Date: 9123196 
Page: 10 of 45 

reporting software does not have the ability to report NC then the actual recovery 
must be reported and narrated as follows: “Results outside of limits do not. 
necessarily reflect poor method performance in the matrix due to high analyte 
concentrations in the sample relative to the spike level.” 

. If an MS/MSD is not possible due to limited sample volume then a laboratory 
control sample duplicate (LCSD) should be analyzed. The RPD of the LCS and 
LCSD must be compared to the matrix spike RPD limits. 

. For dissolved metals samples which have not been digested or matrix matched, a 
MS/MSD must be performed per batch of up to 20 samples by spiking two 
aliquots of the sample. 

9.5. Initial Calibration Verification (ICVKB) - Calibration accuracy is verified by 
analyzing a second source standard (ICV). The ICV must fall within 10% of the true 
value for that solution. An ICB is analyzed immediately following the ICV to 
monitor low level accuracy and system cleanliness. The ICB result must fall within 
+/- the reporting limit (RL) from zero. If either the ICV or ICB fail to meet criteria, 
the analysis should be terminated, the problem corrected, the instrument recalibrated 
and the calibration reverified. 

9.6. Continuing Calibration Verification (CCVKCB) - Calibration accuracy is monitored 
‘throughout the analytical run through the analysis of a known standard after every 10 
samples. The CCV must fall within 10% of the true value for that solution. A CCB 
is analyzed immediately following each CCV. The CCB result must fall within +/- 
RL from zero. Sample results may only be reported when bracketed by valid 
ICVKCV and ICBKCB pairs. If a mid-run CCV or CCB fails, the CCV or CCB may 
be reanalyzed once to and accepted if there is a reason for the initial out-of-control 
event such as carryover from a high concentration sample. Otherwise, if the CCV or 
CCB fails, the analysis for the affected element must be terminated, the problem 
corrected, the instrument recalibrated, the calibration verified and the affected 
samples reanalyzed. (Refer to Section 11.9, for an illustration of the appropriate rerun 
sequence). 

9.7. The calibration curve must have a correlation coefftcient of 0.995 or greater 
(assuming that more than 2 points are used to generate the linear curve). 

9.8. The internal standard intensities must be 30% < [IS intensities for the ICB] < 120%. ‘I 
If this criteria is not met, the sample will be diluted and reanalyzed until the IS 
recoveries are within the limits. If the upper control limit is exceeded, the analyst 
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should review the data for the presence of the out-of-control internal standard in the 
native sample. Narrate any findings. 

9.8.1. The internal standard intensity in the ICV and ICB should be within 20% of 
the IS intensity in the instrument standardization solution. If not, the analyst 
should check for any instrument anomalies and continue if none are noted. 

9.9. Analytical matrix spikes on samples afler preparation may be done at the discretion of 
a senior ICP-MS operator or Technical Manager to further assess the effect of the 
matrix on the results or as an indication of the performance of the interference 
equations used in the sample matrix. 

9.10. Quality Assurance Summaries - Certain clients may require specific project or 
program QC which may supersede the SOP requirements. Quality Assurance 
Summaries (QAS) should be developed to address these requirements. 

10. CALIBRATION AND STANDARDIZATION 

10.1. Instrument start-up 

10.1.1. Follow the instrument start-up procedure outlined in the ICP-MS 
OPERATION AND MAINTENANCE SOP LP-CAL-2000). 

10.2. Instrument Tuning 

10.2.1. Follow the instrument tuning procedure outlined in the ICP-MS 
OPERATION AND MAINTENANCE SOP (LP-CAL-2000). 

10.2.2. Mass calibration and resolution checks must be documented and included as 
part of the raw data package. 

/- 

10.2.2.1 .Resolution must be < 1 .O amu at 10% peak height. 

10.2.2.2.Mass calibration must be within h 0.1 amu from the actual value or 
the mass calibration must be adjusted. 

10.3. Standardization 
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10.3.1. From the APPLICATIONS menu load the QUANTITATIVE ANALYSIS 
application. 

10.3.2. Load the appropriate parameter set if one already exists or create a new one 
for the analytes to be quantitated in the run. Solicit the assistance of a senior 
ICP-MS operator in creating a new parameter file. 

10.3.3. See Appendix B for recommended isotopes and interference equations for 
commonly analyzed elements. 

10.3.4. If no recommended isotopes are given for the element to be analyzed, consult 
a senior ICP-MS operator or appropriate reference (see Section 13.2). 

10.35. See Appendix C or commonly used internal standards. 

10.3.6. All masses which could affect data quality should be monitored to determine 
potential interferences either simultaneously during an analytical run or in a 
separate scan. 

- 

10.3.7. Open a new data set for a new analytical run. Title the data set with an 
appropriate title such as the date. 

10.3.8. In order to simplify dataarchival, data set names should be limited to eight 
characters if possible. 

10.3.9. Under the data set description enter the statement “ANALYST: (your initials)” 
and any other necessary information. 

10.3.1O.Two standards are routinely used for instrument calibration using a simple 
linear calibration curve. 

l Low standard - Reagent water matching the sample digestate and 
standards, i.e. 1% HNO,/O.5% HCl for water samples. 

l High standard - the level should be appropriate for the analysis being 
performed. 

10.3.1 l.If the use of more than two standards is desired, either the weighted linear or 
blank subtracted calibration types should be selected. The use of a simple 

-7 
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linear curve with more than two standards may cause a positive y-intercept 
beading to artificially elevated blank levels. 

10.3.12.The fkt line in the data set should be used for the Low Standard. The 
standard name must be the same as what the standard concentration tile was 
named. The Low Standard must be classified as a “standard” (as opposed to a 
“blank” which would signal the software to perform blank subtraction, which 
is not routinely used). The concentrations entered in the concentration tile 
should be zero for all elements. Based on this standardization technique a 
Simple Linear curve is the most appropriate. 

10.3.13.The second line should be used for the high standard. Again, the standard 
name must match the standard file name. The appropriate concentrations 
should be entered in the standard concentration file under the same name and 
saved. 

10.3.14.Add internal standard to all standards and samples either by spiking or 
pumping. Both methods are acceptable. 

10.3.14.1 .If the pumping method is used, an additional line for the pump and a 
mixing tee are required. The internal standard line must be placed in 
the internal standard solution before any analyses are started. 

10.3.15.A read delay of 45 seconds (60 seconds or longer if using the autosampler) 
should be entered in the,configuration portion of the software which will 
allow the sample to travel through the sample uptake tubing and equilibrate 
through the plasma into the vacuum chamber before the read process is 
initiated. This allows all standards and samples to be processed in an identical 
manner. 

10.3.16.Insert the sampler tube into the blank solution and press PF12 (READ) to 
begin the analysis. After the “Measurements Complete” message appears at 
the top left-hand comer of the screen remove the sample uptake tube and 
return it to the rinse solution. 

10.3.17.After the standard data has been collected and processed the data will 
automatically be stored and printed. 

10.3.18.Repeat step 10.3.16 for the high standard. When complete the instrument is 
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11. PROCEDURE 

11 .l . One time procedural variations are allowed only if deemed necessary in the 
professional judgment of supervision to accommodate variation in sample matrix, 
radioactivity, chemistry, sample size, or other parameters. Any variation in procedure 
shall be completely documented using a Nonconformance Memo and is approved by 
a Technical Specialist and QA Manager. If contractually required, the client shall be 
notified. The Nonconformance Memo shall be filed in the project file. 

11.2. Any unauthorized deviations from this procedure must also be documented as a 
nonconformance. with a cause and corrective action described. 

11.3. An instrument or team backlog is generated from the LIMS data system. This 
backlog lists the Quantetra (WSAC) project numbers that were assigned to each batch 
or QC lot of samples (a batch or QC lot consists of a maximum of 20 customer 
samples). The backlog also shows project due date, number of samples and sample 
matrix. 

11.4. An analytical run will consist of all customer samples and quality control samples 
analyzed. under a single standardization. Each new standardization will begin a new 
analytical run. 

11 S. A new ANALYSIS RUN LOG will be tilled out for each analytical run. An 
alternative is to print out the “Sample Entry Report” from the Elan computer and 
include that. 

11.6. Type in the QC and sample information into the sample ID column. You can change 
the default dilution factor (1) and enter any additional sample information (such as 
QC lots) by pressing SHIFT F5 and filling out the detailed sample information. 

11.7. In order to use the ICP-MS data upload program into LIMS, the following naming 
conventions must be followed: 

11.7.1. Samples are identified by project number-sample number and aliquot. For 
example, Sample 1 from project 28977 is identified as: 28977-01. 

11.7.2. Matrix spikes, duplicates, and matrix spike duplicates are identified as 28977- 
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OlMS, 28977-OlDU, and 28977-OlSD, respectively. 

11.7.3. Prep Blanks are identified by BLANK. 

11.7.4. LCSs are identified as LCS, LCS DUP. 

11.8. The order of analysis for the initial QC samples should be: 

l ICV 

. ICB 

. Elemental Equation verification or interference check solution (if 
required). 

l PrepBlank 

l LCS 

l LCSDUP (if required). 

l Sampies 

11.9. Analysis sequence when out-of-control run QC is observed: 

. ccv 

l CCB 

12. 

l Restandardize (see 10.3.16 through 10.3.18) 

l ccv 

. CCB 

l Samples 

DATA ANALYSIS AND CALCULATIONS 

12.1. All pertinent calculations are performed by the ELAN software. 

c-4 -200 
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12.2. Reporting Requirements 

12.2.1. Units equal mgV. for aqueous samples and mguCg for soil samples. 

12.2.2. If dilutions were required due to insuflicient sample interferences, or other 
problems, the reporting limits are multiplied by the dilution factor. 

12.2.3. For results less than 10 mg\L, two significant figures will be reported. For 
results greater than or equal to 10 mg\L, three significant figures will be 
reported. Refer to Quanterra Policy QA-0004 for additional information on 
significant figures and rounding. 

12.2.4. Document any non-standard procedures or anomalies by using the anomaly 
program in LIMS. 

12.3. Data Package Requirements 

12.3.1. A complete data package consists of: the initial masscal, resolution, and 
sensitivity checks; run log, copy of parameter tile used, level 1 checklist, and 
all raw data. 

12.3.2. Level I review will be completed by the analyst. 

12.3.3. Level II review will be completed by a senior level laboratory analyst’familiar 
with the technical aspects of ICP-MS and in accordance with the ICP-MS 
DATA REVIEW checklists. The instrument operator of an analytical run may 
not perform the Level II review for that run. 

13. METHOD PERFORMANCE 

13.1. Each laboratory must have initial demonstration of performance data on file for each 
analyte of interest as described in Section 9.0. 

13.2. Refer to Appendix A for the list of analytes using this SOP. 

13.3. Method performance is determined by the analysis of matrix spike and matrix spike 
duplicate samples as well as method blanks and laboratory control samples. The 
matrix spike recovery should fall within k 20% and the matrix spike duplicates should 

CY-J-01 
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compare within + 20% RPD (2 RL if concentration is < 10x RL). Method blanks 
must meet the criteria specified in Section 9.2. The laboratory control samples,should 
recover within 20% of the true value until in-house control liits are established. 

13.4. Training Qualification 

13.4.1. The group/team leader has the responsibility to ensure that this procedure is 
performed by an associate who has been properly trained in its use and has the 
required experience. 

14. POLLUTION PREVENTION 

15. 

14.1. Standards or solutions are not approved for disposal to the sink. 

WASTE MANAGEMENT 

15.1. Waste generated in the procedure must be segregated and disposed according to the 
facility hazardous waste procedures. The Environmental Health and Safety Director 
should be contacted if additional information is required. 

15.2. Standards should be purchased and prepared in volumes consistent with laboratory 
use to minimize the volume of expired standards to be disposed. 

15.3. All waste must be disposed of according to the facility hazardous waste managment 
procedures, Attachment C of the Quanterra Inc. Chemical Hygiene Plan, Section 
WSO02, Table 1. 

15.4. Samples and other solutions containing high concentrations of toxic materials must be 
disposed of according to the facility hazardous waste management procedures, 
Attachment C of the Quanterra Inc. Chemical Hygiene Plan, Section WSO03, 
Disposal of Samples After Analysis. 

16. REFERENCES 

16.1. Source Method: EPA Method 6020 CLP-M, Version 8. 

16.2. Quanterra Inc., Quality Assurance Management Plan, Revision 1.0, May 1996. 

c4-aca 
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16.3. Quanterra Corporate Policy QA-003 QC Program 

16.4. LS-CAL-2002, Standards Preparation-Metals. 

16.5. Perkin Elmer/Sciex ELAN model 5000 Users Manual 

16.6. SW846 Method 6020, Revision 0 (3rd Update, September 1994). 

16.7. EPA Method 200.8 EMSL office of Research & Development, Cincinnati, OH (Draft 
Method, Revision 4.3, August 1990). 

16.8. Recommended ICP-MS References 

16.8.1. K. E. Jarvis, A. L. Gray, and R. S. Honk, Handbook of Inductively Coupled 
Plasma Mass Spectrometry; Chapman & Hall, New York 1992. 

16.8.2. A. R. Date and A. L. Gray, Applications of Inductively Coupled Mass 
Spectrometry, Chapman & Hall, New York 1989. ISBN # 0-41201721-O 

17, MISCELLANEOUS (TABLES, APPENDICES, ETC...) 

17.1. Deviations From Source Method and Rationale 

17.1 .l . As a conservation of space, the raw data will only contain the mean and 
standard deviation results on standard ELAN summary report. As long as 
standard deviation data is shown the analyst can make decisions on replicate 
quality on standard ELAN summary report. 

17.1.2. The ICP-MS is not required to be restandardized every 8 hours as long as all 
continuing calibration criteria continue to be met. 

17.1.3. The continuing calibration standards are not required to be reanalyzed within 
2 .hours as long as they continue to meet acceptability criteria. 

17.1.4. Each CCV and CCB may be reanalyzed once to verify the instrument is not 
out of calibration providing that the next sample has not yet been analyzed and 
the analyst has an indication that the CCV or CCB result could have been 
affected by air bubbles, sample carryover, or other problems. 

-_ 

c-4 -,dO3 . 
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17.1.5. A serial dilution is not performed. The. internal standard is used to monitor 
matrix interference. 

17.1.6. This SOP may be used to analyze for elements not included in Metbod 6020, 
as long as appropriate QC samples are run with acceptable results. 

17.1.7. For reporting consistency, an ICB/CCB is acceptable if the result is <RL 

17.2. Modifications from Previous SOP 

17.2.1. Format was updated to be consistent with Quanterra Inc. QA-001. 

17.2.2. ICSA/ICSAB analysis frequency was increased to “daily.” Section 9.1.4. 

17.2.3. Linear range studies are conducted semiannually instead of quarterly. Section 
9.1.3. 

17.2.4. Control limits and corrective actions for the MBLK, LCS and MS/I&SD were 
updated to reflect Quanterra Inc. QA Policy QA-003. Sections 9.2, 9.3,9.4. 

17.25. Safety sections were updated to reflect the Quanterra Inc. Chemical Hygiene 
Plan. Sections 5.0,14.0, 15.0. 

17.2.6. Acceptance criteria for the internal standard was updated. Section 9.8. 
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APPENDICES 

Appendix A Standard Analyte List and Reporting Limits 

Appendix B Common Molecular Ion Interferences-Background and Matrix 

Appendix C Recommended Isotopes and Additional Masses Which May be 

Monitored 

Appendix D Elemental Equations for Data Calculations 

Appendix E Internal Standards and Limitations for Use 

Appendix F Forms and Documentation 

Appendix G Hydrofluoric Acid First Aid Plan 

Appendix H Flow Diagram 
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Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

copper 

Iron 

Lead 

Magnesium 

Manganese 

Molybdenum 

Nickel 

Al 

Sb 

As 

Ba 

Be 

Cd 

Cr 

co 

cu 

Fe 

Pb 

Mg 

h4n 

MO 

Ni 

7429-90-5 0.05 

7440-36-o 0.002 

7440-38-2 0.002 

7440-39-3 0.001 

7440-41-7 0.001 

7440-43-9 0.001 

7440-47-3 0.001 

7440-48-4 0.001 

7440-50-s 0.001 

7439-89-6 0.05 

7439-92-l 0.001. 

7439-95-4 0.01 

7439-96-5 0.001 

7439-98-7 0.001 

7440-02-o 0.001 

5.0 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 

0:1 

0.1 

5.0 

0.1 

1.0 

0.1 

0.1 

0.1 
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Potassium 

Selenium 

Silver 

sodium 

Tin 

Titanium 

Thallium 

Vanadium 

Zinc 

K 

Se 

& 

Na 

Sn 

Ti 

Tl 

V 

Zn 

7440-09-7 0.05 

7782-49-2 0.002 

7440-22-4 0.001 

7440-23-s 0.05 

7440-3 1-5 0.002 

7440-03-26 0.001 

7440-28-o 0.001 

7440-62-2 0.005 

7440-66-6 0.002 

SOP No.SAC-MT-0001 
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5.0 

0.2 

0.1 

5.0 

0.2 

0.1 

0.1 

0.5 

0.2 
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APPENDIX B (FROM 132.6, METHOD 200.8) 

COMMON MOLECULAR ION INTERFERENCES IN ICP-MS 

UND MOB 

Molecular Ion MaSS 

Interferences* 

NH+ 

OH+ 

OH,+ 

G’ 

CN’ 

co+ 

N2+ 

N,H+ 

NO+ 

NOH+ 

4’ 

02% 

- 36ArH+ 

38ArH+ 

15 

17 

18 

24 

26 

28 

‘28 

29 

30 

31 

32 

33 

37 

39 
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Molecular Ion Mass 

4oArH+ 41 

co,+ 44 

C02H+ 

Arc+, Aro+ 

kN+ 

ArNH+ 

Aro’ 

ArOH’ 

40A;36&+ 

40&3Sk’ 

4oArI+ 

45 

52 

54 

55 

56 

57 

76 

.78. 

80 

SOP No.SAC-MT-0001 - 
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* Method elements or internal standards affected by the molecular ions. 

Element 

Interferences* - 

SC 

Cr 

Cr 

Mn 

Se 

Se 

Se 
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CHLORIDE 

Molecular Ion 

35c10+ 

‘klOH+ 

37c10+ 

“ClOH+ 

MaSS Element Interference 

51 V 

52 Cr 

53 Cr 

54 Cr 

Ar%+ 

Ar3’c1+ 

75 As 

77 Se 

SULFATE 

Molecular Ion 

32so+ 

32SOH+ 

34so+ 

“SOH’ 

so,‘, s2 

Mass 

48 

49 

50 

51 

64 

72 

74 

c4 4lO 

Element Interference 

V, Cr 

V 

Zn 
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PHOSPHATE 

Molecular Ion MSSS 

PO+ 47 

POH+ 48 

po2+ 63 

SOP No.SAC-MT-0001 ? 
Revision No. 1 
Revision Date: 9123196 
Page: 26 of 45 

Element Interference 

CU 

ArP+ 71 

GROUP I, II METALS 

Molecular Ion 

ArNa+ 

ArK’ 

ArCd 

MATRIX OXIDES* 

Molecular Ion 

TiO 

zro 

MOO 

Mass 

63 

79 

80 

Mass Element Interference 

62-66 Ni, Cu, Zn 

106-l 12 Ag, Cd 

108-l 16 Cd 

Element Interference 

cu 
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* Oxide interferences will normally be very small and will only impact the method elements when 
present at relatively high concentrations. Some examples of matrix oxides are listed of which the 
analyst should be aware. It is recommended that Ti and Zr isotopes are monitored in solid waste 
samples, which are likely to contain high levels of these elements. MO is monitored as a method 
analyte. 
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RECOMMENDED AND ‘4DWLUWA.L 

ES WHICH * 

Isotope 

2.7 

ul23 

25 

138,137,136,l.3.5,134,132,130 

e 

~,112,111,110,113,116,106,~ 

42,$3,&46,48 

52>11,5!k54 

59 

ti,ti 

16,14,52,58 

212h,m,m 

24,25,X 

5.5 

202,m, 199,201 

98,96,92,=,94 

Element of Interest 

Aluminum (1) 

Antimony (1) 

Arsenic (1) 

Barium (1) 

Beryllium (1) 

Cadmium (1) 

Calcium (1) 

Chromium (1) 

Cobalt (1) 

Comer (1) 

Iron (1) 

Lead (1) 

Magnesium (1) 

Manganese (1) 

Mercury 

Molybdenum 

-, 

-. 
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Isotope 

58&,62U,@ 

22 

8O,z8,82&z74 

mm 

23 

203,2Q5 

5u!2 

t&67,68 

83 

72 

139 

140 

129 

ll.8 

105 

47,44 

125 

69 

35,37 

Element of Interest 

_- 

Nickel (1) 

Potassium (1) 

Selenium 

Silver (1) 

Sodium (1) 

Thallium (1) 

Vanadium (1) 

Zinc (1) 

Krypton 

Lanthanuni 

Cerium 

Xenon 

Tin 

Palladium 

Titanium 

Tellurium 

Gallium 

Chlorine 

cf-24 
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*FROM Table 9 of Method 6020 CLP-M) 

(I) Element approved for ICP-MS determination by SW846 Method 6020 CLP-M 

NOTE: Isotopes recommended for analytical determination are underlined. 
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APPENDM D 

RECOMMENDED ELEMENTAL EQUATIONS FOR DATA CALCULATIONS 

Element Elemental Equation Note 

Al (1 .OOO) c”C) 

Sb (1.000) (12’C) 

As 

Ba 

(1.000) (‘k) - (3.1278)[“C) - (1.0177)(78C)] (1) 

(1.000) (13’C) 

Be (1 .OOO) C’C) 

Cd 

Cr 

(1.000) (“‘C) - (1.073) [(‘“C) - (0.712) (“‘k)] (2) 

(1.000) (52c) (3) 

co 

Cl’ 

Pb 

(1 .OOO) (59c) 

(1.000) (“‘C) 

(1.000) (2o6c) + (1.000) (2O’C) + (1.000) (208c) (4) 

Mn (1.000) (5sc) 

MO (1.000) c’“C) - (0.146) c”C) (5) 
,F-- 

Ni (1 .OOO) e”c, 
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Element Elemental Equation Note 

Se 

& 

Tl 

Th 

U 

V 

Zn 

(1.000) (“C) (6) 

(1.000) (lO’C) 

(1 .OOO) (20sc) 

(1.000) (232c) 

(1.000) (238c) 

(1.000) (“C) - (3.127) [(“C) - (0.113) (s2C)] (7) --. 

(I ,000) (% 

* Method elements or internal standards affected by the molecular ions. 

STANDARDS 

Element 

Bi 

In 

SC 

Tb 

Y 

Elemental Equation 

(1 .OOO) (2wc) 

(1.000) (“k) - (0.0149) (‘18C) 

(I .OOO) e5c, 

(1 .OOO) (lS9C) 

(I .OOO) (8gc) 

Note 

(8) 
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C 

(1) 

Calibration blank subtracted counts at specified mass. 

Correction for chloride interference with adjustment for Se77: ArCl75/77 ratio may be 

determined from the reagent blank. 

(2) Correction of MOO interference. An additional isobaric elemental correction should be made 

if palladium is present. 

(3) In 0.4% v/v HCI, the background from CIOH will normally be small. However the 

contribution may be estimated from the reagent blank. 

(4) 

(5) 

(6) 

Allowance for isotopic variability of lead isotopes. 

Isobaric elemental correction for ruthenium. 

Some argon supplies contain krypton as an impurity. Selenium is corrected for Kr82 by 

background subtraction. 

(7) Correction of chloride inference With adjustment for Cr53. Cl0 51/53 ration may be 

determined from the reagent blank. 

(8) Isobaric elemental correction for tin. 



INDUCTIVELY COUPLED PLASMA SOP No.SAC-MT-0001 - 
MASS SPECTROMETRY Revision No. 1 
METHOD 6020 Revision Date: 9123196 
Appendii E-Internal Standards and Limitations of Use Page: 34 of 45 

APPENDIX E 

INTERNAL STANDARDS AND LIMITATIONS OF USE 

Internal Standard Ma.% Possible Limitation 

6Lithium 6 

Scandium ,45 

Germanium 72 

Yttrium 89 

Rhodium 103 

a 

Polyatomic Ion Interference 

? 

a, b 

Indium 115 

Terbium 159 

Holmium 165 

Lutetium 175 

Bismuth 209 

Isobaric Interference by Sn 

a 

a May be present in environmental samples. 

b In some instruments Yttrium may form measurable amounts of YO+ (105 amu) and YOH+ (106 
amu). If this is the case, care should be taken in the use of the cadmium elemental correction 
equation. 
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QUANTERRA INC. 

West Sacramento 

ICP-MS ANALYSIS RUN LOG METHOD 

ANALYST: DATE: 
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25 50 75 

I 

e4-aad 
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QLJANTERRA INC. (West Sacramento) 



INDUCTIVELY COUPLED PLASMA 
MASS SPECTROMETRY 
METHOD 6020 
Appendix F- Forms and Documentation 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Prep blank contamination for 

MDL’s used to meet required reporting limits. 

QC out of liits for non-required elements. 

Furnace results taken from ICP data. 

SOP No.SAC-MT-0001 
Revision No. 1 
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Sample(s) is/are hazardous due to (c&z&r@ for (&tnc@ 

Sample(s) diluted due to matrix interference, detection limit raised. 

Detection limit raised due to matrix interference (no dilution required). 

Total and dissolved analysis not consistent. 

Other (explain): 

Comments: 

Approved: Date: 

Quanterra Inc.-WSAC 

QAQC/BENCHSHEETS/TALS 
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QUANTERRA INC. (West Sacramento) 

ICP-MS DATA REVIEW CHECKLIST 

LEVEL I 

I I. Each batch chcckcd for presence of internal standard in samples? 

COMMENTS: 

QAQCBENCHSHEETSilCPMS 
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QUANTERRA INC. (West Sacramento) 

PREVIEW DATA REVIEW 

LEVEL II 

3. Anomalies noted on Camera Ready Report Cover Sheet? 

9. Appropriate flags entered? 

11. Corrections entered and verified? 

COMMENTS: 
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-7 

LEVEL II REVIEWED BY: 

DATE: 

CORRECTIONS ENTERED BY: 

DATE: 

Quanterra Inc.-WSAC 

QAQC/BENCHSHEETS/PREVIEW 
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APPENDIXG 

HYDROFLUORIC ACID FIRST AID PLti 
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I 

* Recommend&‘d Medical Treatment ~- 
for Hydrofluoric Acid Exposure - 



-_ 

- - . - 
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. 

Hydrofluoric acid is I wy strong inoganic rid. 
Both whydrour hydmnuoric rcid (hydmgen 
fluoride) md its ~~Mions uc deer. colorku liquids. 
When exposed to 8lr. concemnti rOlUrionr md 
l nhydmus hydmfluoric xid produce pungent fumes 
which are apnddly -a’oUS. Unk~ huted. 
dilute cenentmtiofu of hydrofluoric uid in W%CK do 

~produccnpo”- 

HFisprimuiiy~indt&lmvmucrirl.ftisltrd 
inu8inkuseelnunufwluring.irondncclibun- 
dries. mul nnishlng. ahunbmm lnulu~cluring. in- 
organic rad aganic chunicd umnufa, 
petroleum fefting, mincml processing. glwwuking 
ud electf0nic canponmu nunufrcauiop. If b Jlo 
usedinctmininducairlmd~ claningalm- 

omr,ksoseInconsomw produark 
kauseoftkbmdsllodld 

Mosnoa-induarirlbmnsurauwdbYdd~~ 
oauAmsof~.MostoftbcHFluedin~ds- 
troth induwy is less dun 50% cowcntaion. 
~owewr. many indusdl uses of HF iavdn mt- 
cunrued (5040%) HF. 

WARNING: BURNS WITH CONCEKfMTBD HF 
ARE USUALLY VERY SERIOUS. WITH THE 
WTEN’IUL FGR SIGNIFICANT COMPLtCA,- 
TIONS DUE TO FLUORIDE TOXfCfIY. COh 
CENTRATED HF. IlQUD OR VAPOR, MAY 
CAUSE SEVERE BURNS. METABOLIC IM- 
BALANCES. PULMONARY EDEMA AND LIFE 
TWit&A~LW&TNG~CARDIAC ARRYTHMIAS. 

m TO (DNCEN- 
YRArEDHFMAYRAlTDLYFROGRESSTOA 
EaxikYIFLEFTUKIWTED. 

dudin@ boa. Unlike otkr xids tich we npidly 
nMnbzal.thirpJmcasrmycondlPcfordr~. 

slnmg acid OnrmrDiom (ava so%). urd par- 
&ululyud@rowHF(AHForlOO%H~.u+y 
- m. yvm. tumblg pain uld rwhlush 
didorlIioa of the skin which usudly p”cedr lo 
bblcrfonnmim.ExpaLwtoHFvrponanJlo 
lwultinshnilukunr. 

I: 



unully qaiauze upper rapitatoty injury. with 
mucous fnattbmne iMati0tt md bdlxmmxtion ax 
well as cough. All individvJI atqated Of inhxlation 
should be obscrwd for ~itno~ry effects. Thii 
would k&de tba ir&iduxls whh rignifzard up 
per rwpiatory irtiutiott. -ion by 
pulmmury aucultarion or sphmwtty. ad any in- 
dividurlwidtHFcxptuctocbcbcd.dator~ 
uus.lthmbantcpomduutpulmavryedunr 
ttU~k&*yedfOTSCVdbOUtSWdCVWUptOtn, 
days. lf tlwe is on initid upper rexpiratoty irritation. 
rignifvM inhWiat upoutrc can germlly be ndcd 
an. 
WMSMCEXpOSdhhfPEi)~~~~ 
U.S. occupationrl srfety and HUM Mmmaamn 
(OSHA) ix a ceiling level of 3 ppm and l IS minure 
shon term expoxurc-limit (STEL) of 6 ppm (24). The 
Nxtionxl Institute for Omptioarl SDfcty and Health 

chronic toxlcll from o”elupowre toflLlodeioa tepned so cause male or female reptaductive ef- 
hat been raporud to twit In tocfh matling in fatx. Fluaide cxposulcs xkdd k kcp t&w 
childten. bone flttorosis ud xott~&~ nstwulerosis tWOWWkdlmlStOB%U~ttOdvene~ffWtStO 

inadultsaxlchildra. thCdewlopinlfCUl*lmlQSUIt. 

uiningg7atcrthan 1Oppmofflwridciatmdinin- 
dividualr expoxed to high levels of fluoride contain- 
ing dusu. However. skeletal fluorosis hxs not been 
repotted as I wnsequcncc of hydrofluoric acid ex- 
posum. 

Fluorides .rc not carcinogenic. and ha-c nm been 

Monitoringofutincfornuoridaislormped 
mdtod ofdetetmlnittg expnsme (28). UIitE nuoride 
kvels above 3 mgllitu 8t the &gin@ of a 
vawalft, or abow 10 mg/lll at tk end of a 
workshIft. mxy it&ate excaxivc absotpdon Of 
fluoride.1tshatldtcmtedthufluoridesue0frm 

prcwu In xigttirw UMunts in pcrxons not occupr- 
tiotmllycxpmed(bcsmuofdiaw-of 
~~rpch~t&~~thutkwineflwridedeur- 
TltlMthiSXltSpCClflCfOfWcL9.30). 

1. 

2. 

3. 

:: 

Mom vi&n inmtedlltely tdcr mfuy 
ahveraakrnersawceandflushaf- 
fb?damthoroughly”ddtlugeunarmr 
ofcoolnmnlngnter.spedlnnshlng 
ofrtbe&3dlsofptimuyimpomrpc. 

Rultweaucotlmbdd~wltlle 
nttsldagwitbwmer. 

Rlttsewithhfgemmmtx ofaaltuming 
water. lf0.13k ZEPHIRAIP soludon or 

(NIOSH) hat exublixbcd I level Uut is &ned*tcly 
dvlOemrolotiteudMth(IDLH)u3oppn(25).lhc 
American Industrial Hygiene Association hxs 
pttblii knrpu~y RS~OM Phnlng Guidelines 
setting SO ppm u the muimttm level below which 
nuriy all itdividtuls could be exposed for one hour 
widtout cxperkn&g or developing life-thtutcning 
huldt cffats (ERPG-3). 20 pp u the tnxximum 
level below which narly JI individuals could be ex- 
posed for on bau widtout dw&ping irreversible 
health effects or symptoms which wadd irttpxir uk- 
ing protmive aInn (ERFG2). and 5 ppm as the 
nuxbmtm level blow which tnrly all individuals 
wuld be exposed up 10 one hatr Gdtout experiencing 
aber thsn mild. tnttsient advetse Mdt effatx 
(ERPO-1) @a: 

Ifhydrotluoticuidixiqestcd.DmrcburrStoihc 
mnuth.est!phagusandaonuchtrmyoaur.Sevc~ 
sptmlc effeas usually alto acttr. Ingestion of even 
xttnll armmttx of dilute HF hwe &ted in death 
ml. 
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3. If a physicii is & inmvditcly available. 
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1. SCOPE AND APPLICATION 

1.1. This procedure describes the preparation and analysis of mercury (Hg, CAS # 7439- 
97-6) by Cold Vapor Atomic Absorption Spectroscopy (CVAA) using SW-846 
Method 7471A and MCAWW Method 245.5. 

1.2. CVAA analysis provides for the determination of total mercury (organic and 
inorganic). The combination of the oxidants, potassium permanganate and potassium 
persulfate, has been found to give 100% recovery with both types of compounds. 
Detection limits, sensitivity and optimum concentration ranges for mercury analysis 
will vary with the matrices, instrumentation and volume of sample used. 

1.3. Methods 7471A and 245.5 are applicable to the preparation and analysis of mercury 
in soils, sediments, bottom deposits and sludge-type materials. All matrices require 
sample preparation prior to analysis. 

1.4. The Quanterra reporting limit for mercury in solid matrices is 0.1 mg/kg based a 0.2 g 
sample aliquot (wet weight). 

2. SUMMARY OF METHOD 

2.1. This SOP describes a technique for the determination of mercury in solution. The 
procedure is a physical method based on the absorption of radiation at 253.7 nm by 
mercury vapor. A representative portion of the sample is digested in sulfuric and 
nitric acids. Organic mercury compounds are oxidized with potassium permanganate 
and potassium persulfate and the mercury reduced to its elemental state with stannous 
chloride and aerated from solution in a closed system. The mercury vapor passes 
through a cell positioned in the-light path of.an atomic absorption spectrophotometer. 
Absorbance is measured as a function of mercury concentration. Concentration of 
the analyte in the sample is determined by comparison of the sample absorbance to 
the calibration curve (absorbance vs. concentration). 

3. DEFINITIONS , 

3.1. Total Metals: The concentration determined on an unfiltered sample following 
digestion. 

4. INTERFERENCES 

Chemical and physical interferences may be encountered when analyzing samples using this 
method. 
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4.1. Potassium permanganate which is used to breakdown organic mercury compounds 
also eliminates possible interferences from sulfide. Concentrations as high as 20 mg/L 
of sulfide as sodium sulfide do not interfere with the recovery of inorganic mercury 
from reagent water. 

4.2. Copper has also been reported to interfere; however, copper.concentrations as high as 
10 mg/L had no effect on the recovery of mercury from spiked samples. 

4.3. Chlorides can cause a positive interference. Samples high in chlorides require 
additional permanganate (as much as 25 mL) because, during the oxidation step, 
chlorides are converted to free chlorine, which also absorbs radiation at 253.7 nm. 
Care must be taken to ensure that free chlorine is absent before the mercury is reduced 
and swept into the cell. This is accomplished by adding excess hydroxylamine 
reagent (25 mL) and purging the sample headspace before stannous chloride is added. 
Both inorganic and organic mercury spikes have been quantitatively recovered from 
seawater using this technique. 

Note: Sufficient addition of permanganate is apparent when the purple color persists 
at least 15 minutes. Some samples may require dilution prior to digestion due 
to extremely high concentrations of chloride. ~- 

4.4. Interference from certain volatile organic materials that absorb at this wavelength 
may also occur. If suspected, a preliminary run without stannous chloride can 
determine if this type of interference is present. While the possibility of absorption 
from certain organic substances present in the sample does exist, this problem is not 
routinely encountered. This is mentioned only to caution the analyst of the 
possibility. If this condition is found to exist, the mercury concentration in the 
sample can be determined by subtracting the result of the sample run without the 
reducing reagent (stannous chloride) from that obtained with the reducing reagent. 

4.5. Samples containing high concentrations of oxidizable organic materials, as evidenced 
by high COD levels, may not be completely oxidized by this procedure. When this 
occurs the recovery of mercury will be low. The problem can be eliminated by 
reducing the volume of original sample used. 

4.6. The most common interference is laboratory contamination which may arise from 
impure reagents, dirty glassware, improper sample transfer,s, dirty work areas, etc. Be 
aware of potential sources of contamination and take appropriate measures to 
minimize or avoid them. 
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5. SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of all 
Quanterra associates. 

5.2. Eye protection that satisfies ANSI 287.1 (as per the Chemical Hygiene Plan), 
laboratory coatand appropriate gloves must be worn while samples, standards, 
solvents, and reagents are being handled. Disposable gloves that have been. 
contaminated will be removed and discarded; other gloves will be cleaned 
immediately. 

5.3. The health and safety hazards of many of the chemicals used in this procedure have 
not been fully defined. Additional health and safety information can be obtained from 
the Material Safety Data Sheets (MSDS) maintained in the laboratory. The following 
specific hazards are known: 

- 

5.3.1. The following materials are known to be corrosive: 

hydrochloric acid, nitric acid and sulfuric acid. 

5.3.2. The following materials are known to be oxidizing agents: 

nitric acid, potassium permanganate, potassium persulfate and magnesium 
perchlorate. 

5.3.3. Mercury is a highly toxic element that must be handled with care. The analyst 
must be aware of the handling and clean-up techniques before working with 
mercury. Since mercury vapor is toxic, precaution must be taken to avoid its 
inhalation, ingestion or absorption through skin. All lines should be checked 
for leakage and the mercury vapor must be vented into a hood or passed 
through a mercury absorbing media such as: 

5.3.3.1. Equal volumes of 0.1 M KMnO4 and 10% HsSO.+, or 

5.3.3.2. Iodine, 0.25%, in a 3% KI solution 

5.3.4. Magnesium sulfate is known to be a reproductive toxin (mutagen). 

5.4. Exposure to chemicals must be maintained as low as reasonably achievable. 
Therefore, unless they are known to be non-hazardous, all samples should be opened, 
transferred and prepared in a fume hood, or under other means of mechanical 
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5.5. 

5.6. 

5.7. 

5.8. 

5.9. 

ventilation. Solvent and waste containers will be kept closed unless transfers are 
being made. 

The preparation of standards and reagents will be conducted in a fume hood with the 
sash closed as far as the operation will permit. 

All work must be stopped in the event of a known or potential compromise tdthe 
health and safety of a Quanterra associate. The situation must be reported 
immediately to a laboratory supervisor. 

Do not look directly into the beam of the Hg lamp. The UV light that these lamps 
radiate is harmful to the eyes. 

Cylinders of compressed gas must be. handled with caution, in accordance with local 
regulations. It is recommended that, wherever possible, cylinders be located outside 
the laboratory and the gas led to the instrument through approved lines. 

The CVAA apparatus must be properly vented to remove potentially harmful fumes 
generated during sample analysis. 

6. EQUIPMENT AND SUPPLIES 

6.1. Temperature controlled water bath (capable of maintaining temperature of 90- 95 “C) 
or autoclave capable of obtaining 15 lbs., 120 “C. 

6.2. Atomic Absorption Spectrophotometer equipped with: 

6.2.1. Absorption Cell with quartz end windows perpendicular to the longitudinal 
axis. Dimensions of the cell must result in sufficient sensitivity to meet the 
SOP defined reporting limit. The quartz windows must be maintained to 
provide accurate measurements. Any scratches or fingerprints can alter the 
absorption of UV radiation. 

6.2.2. Mercury specific hollow cathode lamp (HCL) or electrodeless discharge lamp 
(EDL). 

6.2.3. Peristaltic pump which can deliver 1 Umin air. 

6.2.4. Flowmeter capable of measuring an airflow of 1 Umin. 

6.2.5. Recorder or Printer. 
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6.2.7. Drying device (a drying tube containing magnesium perchlorate or magnesium 
sulfate and/or a lamp with a 60 W bulb) to prevent condensation in cell. The 
lamp is positioned to shine on the absorption cell maintaining the air 
temperature in the cell about 10 “C above room temperature. Other drying 
devices that acheive the same purpose are also acceptable (i.e., Gortex filter). 

Note: Instruments designed specifically for the measurement of mercury using the 
cold vapor technique may be substituted for the atomic absorption 
spectrophotometer. 

6.3. BOD bottles or equivalent. 

6.4. 

6.5. 

6.6. 

Nitrogen or argon gas supply, welding grade or equivalent. 

Calibrated automatic pipettes or Class A glass volumetric pipettes. 

Class A volumetric flasks. 

6.7. 

6.8. 

Top-loading balance, capable of reading up to two decimal places. 

Thermometer (capable of accurate readings at 95 “C). 

Disposable cups or tubes. 6.9. 

7. REAGENTS AND STANDARDS 

6.2.6. Aeration Tubing: A straight glass frit having a course porosity and Tygon 
tubing is used for the transfer of mercury vapor from the sample bottle to the 
absorption cell and return. 

7.1. Reagent water must be produced by a Millipore DI system or equivalent. Reagent 
water must bc free of the analytes of interest as demonstrated through the analysis of 
method blanks. 

7.2. Stock (1000 ppm) mercury standards (in 10% HNOr) are purchased as custom 
Quantetra solutions. All standards must be stored in PEP fluorocarbon or previously 
unused polyethylene or polypropylene bottles. Stock standard solutions must be 
replaced prior to the expiration date provided by the manufacturer. If no expiration 
date is provided, the stock solutions may be used for up to one year and must be 
replaced sooner if verification from an independent source indicates a problem. 
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7.3. 

7.4. 

7.5. 

7.6. 

7.7. 

7.8. 

7.9. 

7.10. 

Intermediate mercury standard (10 ppm): Take 1 mL of the stock mercury standard 
(7.2) and dilute to 100 mL with reagent water. The intermediate standard must be 
made monthly and must be prepared in a matrix of 2% HNOs . This acid (2 mL of 
concentrated HNOs) must be added to the flasklbottle before the addition of the stock 
standard aliquot. 

Working mercury standard (0.1 ppm): Take 1 mL of the intermediate mercury ‘. 
standard (7.3) and dilute to 100 mL with reagent water. The working mercury 
standard must be made daily and must be prepared in a matrix of 0.15% HNOs. This 
acid (150 uL of concentrated HNOs) must be added to the flask/bottle before the 
addition of the stock standard aliquot. 

The calibration standards must be prepared fresh daily from the working standard 
(7.4) by transferring 0,0.2,0.5, 1.0.2.0, 5.0 and 10.0 mL aliquots of the working 
mercury standard into sample prep bottles and proceeding as specified in Section 11.1 

Note: Alternate approaches to standard preparation may be taken and alternate 
volumes of standard may be prepared as long as the accuracy and final 
standard concentrations as detailed in Table I are maintained. For example, 
automated mercury systems do not require 100 mL of standard and therefore 
smaller volumes may be generated to reduce waste generation. 

The initial calibration verification standard must be made from a different stock 
solution than that of the calibration standards. 

Refer to Table I (Appendix A) for details regarding the working standard 
concentrations for calibration, calibration verification and spiking solutions. All 
standards must be processed through the entire analytical procedure including sample 
preparation. 

Nitric acid (HNOs), concentrated, trace metal grade or better. 

Note: If a high reagent blank is obtained, it may be necessary to distill the nitric acid. 

Sulfuric acid (HsSOd), concentrated, trace metal grade or better. 

7.9.1. Sulfuric acid, 0.5 N: Dilute 14.0 mL of concentrated HzS04 to 1 liter with 
reagent water. 

Hydrochloric acid (HCl), concentrated, trace metal grade or better. 
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7.11. Aqua Regia: Prepare immediately before use by carefully adding three volumes of 
concentrated HCl to one volume of concentrated HNOs. 

7.12. ‘Stannous sulfate solution: Add 25 g of stannous sulfate to 250 mL of 0.5 N sulfuric 
acid. This mixture is a suspension and should appear cloudy. This solution should be 
made daily and should be stirred continuously during use. 

Note: Stamrous chloride may be used in place of stannous sulfate. Prepare the 
stannous chloride solution according to the recommendations provided by the 
instrument manufacturer. 

7.13. Sodium chloride-hydroxylamine hydrochloride solution: Add 12 g of sodium 
chloride and 12 g of hydroxylamine hydrochloride to every 100 mL of reagent water. 

Note: Hydroxylamine sulfate may be used in place of hydroxylamine hydrochloride. 

7.14. Potassium permanganate, 5% solution (w/v): Dissolve 5 g of potassium 
permanganate for every 100 mL of reagent water. 

7.15. Potassium persulfate, 5% solution (w/v): Dissolve 5 g of potassium persulfate for 
every 100 mL of reagent water. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. Sample holding time for mercury is 28 days from time of collection to the time of 
sample analysis. 

8.2. Soil samples do not require preservation but must be stored at 4” C + 2’ C until the 
time of analysis. 

9. QUALITY CONTROL 

Table II (Appendix A) provides a summary of quality control requirements including 
type, frequeucy, acceptance criteria and corrective action. 

9.1. Initial Demonstration of Capability 

Prior to the analysis of any analyte using 7471A or the 245.5, the following 
requirements must be met. 

9.1.1. Method Detection Limit (MDL) - An MDL must be. determined for each 
analyte/matrix prior to the analysis of any samples. The MDL is determined 
using seven replicates of reagent water, spiked with all the analytes of interest, 

&.-a54 . 
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that have been carried through the entire analytical procedure.. MDLs must be 
redetermined on an annual basis in accordance with 40 CFR Part 136 
Appendix B requirements. The spike level must be between the calculated 
MDL and 10X the MDL to be valid. The result of the MDL determination 
must be below the Quartterra reporting limit. 

9.1.2. Initial Demonstration Study - This requires the analysis of four QC check 
samples. The QC check sample is a well characterized laboratory generated 
sample used to monitor method performance. The results of the initial 
demonstration study must be acceptable before analysis of samples may begin. 

9.1.2.1. Four aliquots of the check sample (LCS) are prepared and analyzed 
using the procedures detailed in this SOP and the determinative 
SOPS. 

9.2. 

9.3. 

9.4. 

Preparation Batch - A group of up to 20 samples that are of the same matrix and are 
processed together using the same procedures and reagents. The preparation batch 
must contain a method blank, a LCS and a matrix spike/matrix spike duplicate. In 
some cases, at client request, it may be appropriate to process a matrix spike and 
sample duplicate in place of the MS/MSD. If clients specify specific samples for 
MSIMSD, the batch may contain multiple MS/MSD pairs. 

Sample Count - Laboratory generated QC samples (method blanks, LCS) are not 
included in the sample count for determining the size of a preparation batch. 
MSNSD are not included in the sample count unless there are multiple.sets of 
MS/MSD per batch. In other words, the first MS&ED are not counted; all additional 
MS and MSDs are counted as samples. 

Method Blank (MB) - One method blank must be processed with each preparation 
batch. The method blank consists of reagent water containing all reagents specific to 
the method that is carried through the entire analytical procedure, including 
preparation and analysis. The method blank is used to identify any system and 
process interferences or contamination of the analytical system that may lead to the 
reporting of elevated analyte concentrations or false positive data. The method blank 
should not contain any analyte of interest at or above the reporting or at or above 5% 
of the measured concentration of that analyte in associated samples, whichever is 
higher (sample result must be a minimum of 20 times higher than the blank 
contamination level). 

l Repreparation and reanalysis of all samples associated with an unacceptable 
method blank is required when reportable concentrations are determined in the 
samples (see exception noted above). 
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. If there is no analyte greater than the RL in the samples associated with an 
unacceptable method blank, the data may be reported with qualifiers. Such 
action must be taken in consultation with tbe client and must be addressed in 
the project narrative. 

l If the above criteria are not met and reanalysis is not possible, then the sample 
data must be qualified. This anomaly must be addressed in the project 
narrative and the client must be notified. 

9.5. Laboratory ControI Sample (LCS) - One LCS must be processed with each 
preparation batch. The LCS is used to monitor the accuracy of the analytical process. 
On-going monitoring of the LCS results provides evidence that the laboratory is 
performing the method within acceptable accuracy and precision guidelines. The LCS 
must be carried through the entire analytical procedure. The CCV results can be 
reported as the LCS results since all CCVs (as well as all other standards) are 
processed through the sample preparation step with the field samples. No more than 
20 samples can be associated with one CCV used for the purpose of reporting LCS 
data. 

l If the LCS is outside established control limits the system is out of control and 
corrective action must occur. Until in-house control limits are established, a 
control limit of 80 - 120% recovery must be applied. 

l In the Instance where the LCS recovery is > 120% and the sample results are < 
RL, the data may be reported with qualifiers. Such action must be taken in 
consultation with the client and must be addressed in the case narrative.” 

. In the event that an MS/MSD analysis is.not possible, a Laboratory Control 
Sample Duplicate (LCSD) must be analyzed. The RPD of the LCS and LCSD 
must be compared to the matrix spike RPD limits. 

l Corrective action will be repreparation and reanalysis of the batch unless the 
client agrees that other corrective action is acceptable. 

9.6. Matrix Spike/Matrix Spike Duplicate (MSIMSD) - One MS/MSD pair must be 
processed for each preparation batch. A matrix spike (MS) is a field sample to which 
known concentrations of target analytes have been added. A matrix spike duplicate 
(MSD) is a second aliquot of the same sample (spiked identically as the MS) prepared 
and analyzed along with the sample and matrix spike. Some client specific data 
quality objectives (DQO’s) may require the use of sample duplicates in place of or in 
addition to MS/MSD’s. The MSlMSD results are used to determine the effect of a 
matrix on the precision and accuracy of the analytical process. Due to the potential 
variability of the matrix of each sample, these results may have immediate bearing 
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only on the specific sample spiked. Samples identified as field blanks cannot be used 
for MS&&SD analysis. Spiking levels are provided in Table I (Appendix A). 

. If analyte recovery or RPD falls outside the acceptance range, the recovery of 
that analyte must be in control for the LCS. Until in-house control limits are 
established, a control limit of 75 - 125 % recovery and 20% RPD must be ., 
applied to the MS/MSD. If the LCS recovery is within limits, then the 
laboratory operation is in control and the results may be accepted. If the 
recovery of the LCS is outside limits, corrective action must be taken. 
Corrective action will include repreparation and reanalysis of the batch. 
MS/MSD results which fall outside the control limits must be addressed in the 
narrative. 

. If the native analyte concentration in the MS/MSD exceeds 4 times the spike 
level for that analyte, the recovery data are reported as NC (i.e., not 
calculated). If the reporting software does not have the ability to report NC 
then the actual recovery must be reported and narrated as follows: “Results 
outside of limits do not necessarily reflect poor method performance in the 
matrix due to high analyte concentrations in the sample relative to the spike 
level.” ~-. 

l If an MS/MSD is not possible due to limited sample volume, then a laboratory 
control sample duplicate (LCSD) should be analyzed. The RPD of the LCS 
and LCSD must be compared to the matrix spike RPD limits. 

9.7. Initial Calibration Verification (ICVXB) - Calibration accuracy is verified by 
analyzing a second source standard (ICV). The ICV result must fall within 20% of 
the true value for that solution. An ICB is analyzed immediately following the ICV 
to monitor low level accuracy and system cleanliness. The ICB result must fall within 
+/- the reporting limit (RL) from zero. If either the ICV or ICB fail to meet criteria, 
the analysis should be terminated, the problem corrected and the instrument 
recalibrated. (See Section 11.2.10 and Section 11.2.11 for required run sequence). If 
the cause of the ICV or ICB failure. was not directly instrument related the corrective 
action will include repreparation of the associated samples. 

9.8. Continuing Calibration Verification (CCVKCB) - Calibration accuracy is monitored 
throughout the analytical run through the analysis of a known standard after every 10 
samples. The CCV must be a mid-range standard at a concentration other than that of 
the ICV. The CCV result must fall within 20% of the true value for that solution. A 
CCB is analyzed immediately following each CCV. (See Section 11.2.10 and 11.2.11 
for required run sequence.) The CCB result must fall within +/- RL from zero. Each 
CCV and CCB analyzed must reflect the conditions of analysis of all associated __ 
samples. Sample results may only be reported when bracketed by valid ICV/CCV 
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10. 

and ICB/CCB pairs. If a mid-run CCV or CCB fails, the analysis must be terminated, 
the problem corrected, the instrument recalibrated, ‘the calibration verified and the 
affected samples reanalyzed. If the cause of the CCV or CCB failure was not directly 
instrument related the corrective action will include repreparation of the associated 
samples. 

9.9. Method of Standard Addition @ISA) -This technique involves adding known’ 
amounts of standard to one or more aliquots of the sample prior to preparation This 
technique compensates for a sample interferent that may enhance or depress the . 
analyte signal, thus producing a different slope from that of the calibration standards. 
It will not correct for additive interferences which cause a baseline shift. Refer to 
Section 11.2.12 for additional information on when full 4 point MSA is required as 
well as Appendix C for specific MSA requirements. 

CALIBRATION AND STANDARDIZATION 

10.1. 

10.2. 

10.3. 

10.4. 

10.5. 

16.6. 

Calibration standards must be processed through the preparation procedure. as 
described in Section 11.1. 

Due to the differences in preparation protocols separate calibration and calibration 
verification standards must be prepared for aqueous and solid matrices. 

Calibration must be performed daily (every 24 hours) and each time the instrument is 
set up. The instrument calibration date and time must be included in the raw data. 

Set up the instrument with the operating parameters recommended by the 
manufacturer. Allow the instrument to become thermally stable before beginning 
calibration (approximately 30 minutes of warm-up is required). Refer to the facility 
specific instrument SOP and CVAA instrument manual for detailed setup and 
operation protocols. 

Calibrate the instrument according to instrument manufacturer’s instructions, using a 
minimum of five standards and a blank. One standard must be at the Quantena 
reporting limit. Analyze standards in ascending order beginning with the blank. Refer 
to Section 7.5 and Table I for additional information on preparing calibration 
standards and calibration levels. 

The calibration curve must have a correlation coefficient of 20.995 or the instrument 
shall be. stopped and recalibrated prior to running samples. Sample results can not be 
reported from a curve with an unacceptable correlation coefficient. 



PREPARATION AND ANALYSIS OF MERCURY IN SOLID 
SAMPLES BY COLD VAPOR ,ATOMIC ABSORPTION, SW-846 
METHOD 7471A and MCAWW METHOD 245.5 

SOP No. CORP-MT-0007 
Revision No. 1 
Revision Date: 12-19-95 
Page: 14 of 41 

10.7. Refer to Section 9.0 for calibration verification procedures, acceptance criteria and 
corrective actions 

11. PROCEDURE 

11.1. Standard and Sample Preparation: 

11.1.1. All calibration and calibration verification standards (ICV, ICB, CCV, 
CCB) are processed through the digestion procedure as well as the field 
samples. 

11.1.2. Transfer 0,0.2,0.5, 1.0.2.0.5.0 and 10.0 mL aliquots of the working 
standard (7.5) into a series of sample digestion bottles. 

Note: Alternate volumes of standard may be prepared as long as the 
accuracy and final standard concentrations as detailed in Table I 
are maintained. 

11.1.3. Add reagent water to each standard bottle to make a total volume of 23.5 
mL. Continue preparation as described under 11.1.5 or 11.1.6 below. __ 

11.1.4. Transfer triplicate 0.2 g or 0.6g total portions of a well mixed sample into a 
clean sample digestion bottle. Continue preparation as described under 
11.2.2 or 11.2.3 below. 

11.1.5. Water Bath protocol: 

11: 1.5.1. To each standard bottle: Add 5 mL of aqua regia. 
To each sample bottle: Add 5 mL of reagent water and 5 mL 

of aqua regia. 

11.1.5.2. Heat for 2 minutes in a water bath at 90 - 95 o C. 

11.1.5.3. Cool. 

11.1.5.4. Add 50 mL of distilled water. 

11.1.5.5. Add 15 mL of potassium permanganate solution. 

11.1.5.6. Add 8 mL of potassium persulfate solution, mix thoroughly 

11.1.5.7. Heat for 30 minutes in the water bath at 90 - 95 “C. 
-_ 

&-a59 
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11.1.5.8. Cool. 

11.1.5.9. Add 6 mL of sodium chloride-hydroxylamine sulfate solution to 
reduce the excess permanganate. 

11.1.5.10. To each standard bottle: Add 50 mL of reagent water. 
each sample bottle: Add 55 mL of reagent water. 

To 

11.1.5.11. ContinueasdescribedunderSection 11.2. 

Il. 1.6. Autoclave protocol: 

11.1.6.1. Add 5 mL concentrated of H2S04 and 2.5 mL of concentrated 
HNo3. 

11.1.6.2. Add 5 mL of saturated potassium permanganate solution. 

11.1.6.3. Add 8 mL of potassium persulfate solution. 

11.1.6.4. Cover digestion bottle with aluminum foil or screw cap loosely 
applied. 

11.1.6.5. Heat samples at 121 “C and 15 lbs. pressure for 15 minutes. 

11.1.6.6. Cool. 

11.1.6.7. At this point, there should be 44ml total volume in each standard 
and sample bottle. 

Note: Alternate final volumes may be used as long as the 
standards and sample are treated the same way. 

11.1.6.8. Add 6 mL of sodium chloride-hydroxylamine sulfate solution to 
reduce excess permanganate. 

11.1.6.9. Continue as described under Section 11.2 . 

11.2. Sample Analysis: 

11.2.1. Because of differences between various makes and models of CVAA 
instrumentation, no detailed operating instructions can be provided. Refer to 
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the facility specific instrument operating SOP and the CVAA instrument 
manual for detailed setup and operation protocols. 

11.2.2. All labs are required to detail the conditions/programs utilized for each 
instrument within the facility specific instrument operation SOP. 

11.2.3. Manual determination: 

11.2.3.1. Treating each sample individually, purge the head space of the 
sample bottle for at least one minute. 

11.2.3.2. Add 5 mL of stannous chloride solution and immediately attach 
the bottle to the aeration apparatus. 

11.2.3.3. Allow the sample to stand quietly without manual agitation while 
the sample is aerated (1 Cumin flow). Monitor the sample 
absorbance during aeration. When the absorbance reaches a 
maximum and the signal levels off, open the bypass valve and 
continue aeration until the absorbance returns to its baseline level. 
Close the bypass valve and remove the aeration device. 

11.2.3.4. Place the aeration device into 100 mLs of 1% HNO3 and allow to 
bubble rinse until the next sample is analyzed. 

11.2.4. Automated determination: Follow instructions provided by instrument 
manufacturer. 

11.25. Perform a linear regression analysis of the calibration standards by plotting 
maximum response of the standards vs. ug of mercury. Determine the 
mercury concentration in the samples from the linear regression fit of the 
calibration curve. Calibration using computer or calculation based 
regression curve fitting techniques on concentration/response data is 
acceptable. 

11.2.6. All measurements must fall within the defined calibration range to be valid. 
Dilute and reanalyze all samples for analytes that exceed the highest 
calibration standard. 

11.2.7. If the sample results are negative and the absolute value of the negative 
result is greater than the reporting limit, the sample must be diluted and 
reanalyzed. 

%4-&w 
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11.2.8. The samples must be allowed to cool to room temperature prior to analysis 
or a decrease in the response signal can occur. 

11.2.9. Baseline correction is acceptable as long as it is performed after every 
sample or after the CCV and CCB; resloping is acceptable as long as it is 
immediately preceded and followed by a compliant CCV and CCB. 

11.2.10. The following analytical sequence must be used with 747 1A and 245.5: 

Instrument Calibration 
ICV 
ICB 
Maximum 10 samples 
ccv 
CCB 
Repeat sequence of 10 samples between CCVKCB pairs as required to 
complete run 
ccv 
CCB 

Refer to Quality Control Section 9.0 and Table II (Appendix A) for quality 
control criteria to apply to Methods 7471A and 245.5. 

Notei Samples include the method blank, LCS, MS, MSD, duplicate, field 
samples and sample dilutions. 

11.2.11. The following run sequence is consistent with 747 1 A, CLP and 245.5 id 
may be used as an alternate to the sequence in 11.2.10. This run sequence 
is recommended if multiple method requirements must be accommodated 
in one analytical run: 

.- 

Instrument Calibration 
ICV 
ICB 
cRA* 
ccv 
CCB 
10 samples 
ccv 
CCB 
Repeat sequence of 10 samples between CCVKCB pairs as required to 

complete run. 
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ccv 
CCB 

Refer to the appropriate CLP SOP (CORP-MT-0008) for quality control 
requirements for QC samples. 

* Refer to the CLP SOP for information on the CRA. 

11.2.12. TCLP samples are always prepped as waters: 

1) recovery of the analyte in the matrix spike is not at least 50%, 

2) the concentration of the analyte does not exceed the regulatory level, 
and, 

3) the concentration of the analyte is within 20% of the regulatory level. 

Appendix E provides guidance on performing MSA analyses. For TCLP 
mercury determinations, MSA spikes must be added prior to sampe 
preparation. 

-. 
11.3. To facilitate the early identification of QC failures and samples requiring rerun it is 

strongly recommended that sample data be reviewed periodically throughout the run. 

11.4. Guidelines are provided in the appendices on procedures to minimize contamination 
of samples and standards, preventive maintenance and troubleshooting. 

11.5. One time procedural variations are allowed only if deemed necessary in the 
professional judgment of supervision to accommodate variation in sample matrix, 
radioactivity, chemistry, sample size, or other parameters. Any variation in procedure 
shall be completely documented using a Nonconformance Memo and is approved by a 
Technical Specialist and QA Manager. If contractually required, the client shall be 
notified. The Nonconformance Memo shall be filed in the project tile. 

11.6. Any unauthorized deviations from this procedure must also be documented as a 
nonconformance, with a cause and corrective action described. 

12. DATA ANALYSIS AND CALCULATIONS 

12.1. ICV percent recoveries are calculated according to the equation: 

of-ad7 3 
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12.2. CCV percent recoveries are calculated according to the equation: 

12.3. Matrix spike recoveries are calculated according to the following equation: 

,-. 

Where: 
SSR = Spike Sample Result 
SR = Sample Result 
SA = Spike Added 

12.4. The relative percent difference (RPD) of matrix spike/matrix spike duplicates or 
sample duplicates are calculated according to the following equations: 

RPD=l 
[MD- MS1 

(“““:“) 

Where: 
MS = determined spiked sample concentration 
MSD = determined matrix spike duplicate concentration 

RPD=lCH 

Where: 

/DUl- DU2) 

CD? Dv2) 1 
DUl = Sample result 
DU2 = Sample duplicate result 

12.5. For automated determinations, the final concentration determined in solid samples 
when reported on a dry weight basis is calculated as follows: 

mg/kg, dry weight I (C x V x D)I(W x S) 
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Where: 
C = Concentration (tug/L) from instrument readout 
V = Volume of digestate (L) 
D = Instrument dilution factor 
W = Weight in g of wet sample digested 
S ‘= Percent solids/100 

Note: A Percent Solids determination must be performed on a separate aliquot when 
dry weight concentrations are to be reported. If the results are to be reported on 
a wet weight basis, the “S” factor should be omitted from the above equation. 

12.6. For manual (total) determinations, the final concentration determined in solid 
samples when reported on a dry weight basis is calculated as follows: 

Where: 

mgkg, dry weight = (C)/(W x S) 

C = Concentration (ug) from instrument readout 
W = Weight in g of wet sample digested 
S = Percent solids/l00 

Note: A Percent Solids determination must be performed on a separate aliquot when 
dry weight concentrations are to be reported. If the results are to be reported on 
a wet weight basis, the “s” factor should be omitted from the above equation. 

12.7. The LCS percent recovery is calculated according to the following equation: 

12.8. Sample results should be reported with up to three significant figures in accordance 
with the Quantetra significant figure policy. 

13. METHOD PERFORMANCE 

13.1. Each laboratory must have initial demonstration of performance data on tile for each 
analyte of interest as described in Section 9.0. 

13.2. Method performance is determined by the analysis of method blank, laboratory 
control sample, matrix spike and matrix spike duplicate samples. The matrix spike 
recovery should fall within +/- 25 % and the matrix spike duplicates should compare 
within 20% RPD. The method blanks must meet the criteria in Section 9.3. The 
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laboratory control sample should recover within 20% of the true value until in house 
limits are established. 

13.3. Training Qualification: 

The group/team leader has the responsibility to ensure that this procedure is 
performed by an associate who has been properly trained in its use and has the 
required experience.. 

14. POLLUTION PREVENTION 

14.1. This method does not contain any specific modifications that serve to minimize or 
prevent pollution. 

15. WASTE MANAGEMENT 

15.1. Waste generated in the procedure must be segregated and disposed according to the 
facility hazardous waste procedures. The Environmental Health and Safety Director 
should be contacted if additional information is required. 

16. REFERENCES 

16.1. Test Methods for Evaluating Solid Waste , Physical/Chemical Methods, SW-846, 3rd 
Edition, Final Update II, Revision I, September 1994, Method 7471A (Mercury). 

16.2. “Methods for the Chemical Analysis of Water and Wastes”, EPA-600/4-79-020, 
U.S.EPA, August 1983, Method 245.5. 

16.3. U.S.EPA Statement of Work for Inorganics~Analysis, lLMO3.0. 

16.4. QA-003, Quantetra QC Program. 

16.5. QA-004, Rounding and Significant Figures. 

16.6. QA-005, Method Detection Limits. 
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17. MISCELLANEOUS (TABLES, APPENDICES, ETC. . . ) 

17.1. Modifications/Interpretations from reference method. 

17.1.1. Modifications from both 7471A and 245.5. 
: 

17.1.1.1. A potassium persulfate oxidation step has been included to 
facilitate the breakdown of organic mercurials which are not 
completely oxidized by potassium permanganate. Use of 
potassium persulfate in combination with the permanganate 
improves the recovery of mercury from organo-mercury 
compounds. The use of persulfate has been incorporated in 
several recent EPA mercury protocols. 

17.1.1.2. The alternate run sequence presented in Section 11.2.11 is 
consistent with method requirements. An additional QC analysis 
(CRA) was added to accommodate the CLP protocol requirements. 

17.1.2. Modifications from Method 7471A 

17.1.2.1. 

17.1.2.2. 

17i1.2.3. 

17.1.3. Modifications from 245.5 

Chapter 1 of SW846 specify the use of reagent water with a purity 
equivalent to ASTM Type II water. This SOP specifies the use of a 
Millipore DI system or equivalent to produce reagent water. This 
SQP requires that reagent water must be free of the analytes of 
interest as demonstrated through the analysis of method blanks. 

Chapter 1 of SW-846 states that the method blank should not 
contain any analyte of interest at or above the MDL. This SOP 
states that the method blank must not contain any analyte of 
interest at or~above the reporting limit. 

Method 7471A does not state control criteria within the text of the 
method. The QC section of 7471A refers the analyst to Section 8.0 
of Method 7OGOA, the generic atomic absorption method, which 
discusses flame and furnace methods. The ICV criteria stated in 
Method 7OOOA is 5 10%. This SOP requires ICV control limits of 
f 20% based on the fact that the mercury ICV, unlike the ICV for 
the flame and furnace analytes, is digested and therefore is 
equivalent to a LCS. The CLP protocol 245.5 CLP-M recognizes 
this factor and requires control limits of f 20%. 
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17.1.3.1. Method 245.5 Section 9.3 states concentrations should be reported 
as follows: Between 0.1 and 1 ug!g, to the nearest 0.0 1 ug; 
between 1 and 10 ug/g, to the nearest 0. lug; above 10 ug/g, to the 
nearest ug. Quanterra reports all Hg results under this SOP to two 
significant figures. 

17.2. Modifications from previous SOP : 

None. 

17.3. Facility Specific SOPS 

Each facility shall attach a list of facility specific SOPS or approved attachments (if 
applicable) which are required to implement this SOP or which are used in 
conjunction with this SOP. If no facility specific SOPS or amendments are to be 
attached, a statement must be attached specifying that there are none. Refer to the 
Appendices for any facility specific information required to support this SOP. 

17.4. Documentation and Record Management 

The following documentation comprises a complete CVAA raw data package: 

Raw data.(diict instrument printout) 

Run log printout from instrument software where this option is available or 
manually generated run log. (A bench sheet may be substituted for the run logas 
long as it contains an accurate representation of the analytical sequence). 

Data review checklist - See Appendix B 

Standards Documentation (source, lot, date). 

Copy of digestion log. 

Non-conformance summary (if applicable). 

.- 
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Figure 1. Solid Sample Preparation for Mercury - Autoclave Procedure 
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Figure 2. Solid Sample Preparation for Mercury - Water Bath Procedure 

Add KMnO4 and 
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Figure 3. CVAA Mercury Analysis 
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TABLE I. MERCURY REPORTING LIMITS, CALIBRATION STANDARD*, QC 
STANDARD AND SPIRING LEVELS 

Our water LCS for soils 0.0025 or 0.005 *** 

* SOP specified calibration levels must be used unless prevented by the instrument 
configuration or client specific requirements. Deviations from specified calibration levels 
must be documented in the facility specific instrument operation SOP and must be 
approved by the facility technical manager and Quality Assurance Manager. 

** Optional standard which may be used to extend the calibration range as allowed by the 
instrument configuration. If the instrument configuration prevents the use of 6 standards, 
the 2 ppb standard may be eliminated in favor of the 10 ppb standard. 

*** Concentration level dependent on high calibration standard used. CCV must be 50% of 
the high standard concentration and the ICV must be 20-25% of the high standard 
concentration. 

e4-273 
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TABLE II. Sumn: 
QC PARAMETER 

7 
ICV 

: 
ICB 

, ccv 

, CCB 

Method Blank 

y Of Quality Control 
FREQUENCY * 

Beginning of every 
malytical run. 

Beginning of every 
malytical run, 
Immediately following 
:he ICV. 
Every 10 samples and 
it the end of the run. 

immediately following 
:ach CCV. 

3ne per sample 
preparation batch of 
rp to 20 samples. 

*See Sections 11.2.10 and 1 .2.11 for exact run sequence to be followed. 

kquirements 
ACCEPTANCE 
CRITERIA 
80 - 120 % recovery. 

The result must be within 
+/- RL from zero. 

80 - 120 % recovery. 

The result must be within 
+/- RL from zero. 

The result must be less 
than or equal to the RL. 

Sample results greater 
than 20x the blank 
concentration are 
acceptable. 

Samples for which the 
contaminant is < RL do 
not require redigestion 
(See Section 9.4) 

CORRECTIVE 
ACTION 
Terminate analysis; 
Correct the problem; 
Recalibrate or reprep -’ 
batch (see Section 9.7). 
Terminate analysis; 
Correct the problem; 
Recalibrate or reprep 
batch (see Section 9.7). 
Terminate analysis; 
Correct the problem; 
Recalibrate and rerun all 
samples not bracketed by 
acceptable CCV or 
reprep batch (see Section 
9.8). 
Terminate analysis; 
Correct the problem: 
Recalibrate and rerun all 
samples not bracketed by 
acceptable CCB or 
reprep batch (see Section 
9.8). 
Redigest and reanalyze 
samples. 

Note exceptions under 
criteria section. 

See Section 9.4 for 
additional requirements. 

..- 
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TABLE IL Summa 
QC PARAMETER 

1 Laboratory Control 
Sample (LCS) 

I Matrix Spike 

I Matrix Spike 
1 Duplicate 

of Quality Control 
FREQUENCY 

3ne per sample 
,reparation batch of 
up to 20 samples. 

3ne per sample 
Ireparation batch of 
ip to 20 samples. 

See Matrix Spike 

bquirements (Continued) 
ACCEPTANCE 
CRlTERIA 
Aqueous LCS must be 
within 80 - 120% recovery 
or in-house control limits. 

75 - 125 % recovery or in- 
house control limits. If the 
MS/MSD is out for an 
analyte, it must be in 
control in the LCS. 

75 - 125 % recovery or in- 
house control limits; RPD 
520%. (See MS) 

coRREcTlvE 
ACTION 
Terminate analysis; 
Correct the problem; 
Redigest and reanalyze 
all samples associated 
with the LCS (see 
Section 9.5). 
In the absence of client 
specific requirements, 
flag the data; no flag 
required if the sample 
level is > 4x the spike 
added. (see Section 
9.6) 

For TCLP see Section 
11.3.12 
See Corrective Action 
for Matrix Spike. 

-. 

C’Y-d7.5 
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Quanterra Hg Data Review Checklist 

Runlproieet Information 

Rum Date: 
Prep Batches Run: 

Analyst: InstNment: 

Circle Methods used: 7470A I245.1: CORP-MT-o005 Rev 1 74711245.5 : CORP-MT-0007 Rev 1 
CLP - AQ : CORP-MT-o006 Rev 0 CLP - SOL : CORP-MT-0008 Rev0 

Review Items 

- specitiedle”~‘= ’ 

Analyst: Date: 
comments: 

2nd Level Reviewer : Date: 

e4-a77 
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APPENDIX C. MSA GUIDANCE 

Method of Standard Addition 

Four equal volume aliquots of sample are measured and known amounts of standards are added to 
three aliquots. The fourth aliquot is the unknown and no standard is added to it. The concentration 
of standard added to the first aliquot should be 50% of the expected concentration. The 
concentration of standard added to the second aliquot should be 100% of the expected concentration 
and the concentration of standard added to the third aliquot should be 150% of the expected 
concentration. The volume of the unspiked and spiked aliquots should be the same (i.e., the volume 
of the spike added should be negligible in relation to the volume of sample). 

To determine the concentration of anatyte in the sample, the absorbance (or response) of each 
solution is determined and a linear regression performed. On the vertical axis the absorbance (or 
response) is plotted versus the concentrations of the standards on the horizontal axis using 0 as the 
concentration of the unspiked aliquot. An example plot is shown in Figure 1. When the resulting 
line is extrapolated back to zero absorbance, the point of interception of the horizontal axis is the 
concentration of the unknown. Calculate the correlation coefficient (r) and the x-intercept (where 
y=O) of the curve. The concentration in the digestate is equal to the negative x-intercept. 

Figure 1 

Sample No Addn Addn of 50% Addn of 100% Addn of 150% 

w -379 
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l For the method of standard additions to be correctly applied, the following limitations must be 
taken into consideration. 

i .The plot of the sample and standards must be linear over the concentration gge of concern: For 
best results, the slope of the curve should be. similar to that of a plot of the aqueous standard 

.’ 
curve. 

l The effect of the interference should not vary as the ratio of the standard added to the sample 
matrix changes. 
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APPENDIX D. TROUBLESHOOTING GUIDE 

Problem Possible Cause 

Poor or No.Absorbance or 
Sensitivity Check failed 

Incorrect wavelength 
Dirty windows 
Window loose 
Etched or dirty optics 
Wrong lamp 
Bad lamp 
Not enough or no sample introduced 
Empty sample cup 
Incorrectly made standards 
Gas leak 

Erratic Readings 

EDL Won’t Light 

EDL power supply set on “Continuous” 
Source lamp not aligned properly 
Lamp not prewarmed 
Injection tip partially clogged 
Contaminated reagents 
Contaminated glassware 
Drying mbe saturated 
Bad lamp 
Injection tip hitting outside of tube 
Injection tip coated or not set properly 
Leak in sample tubing 
Power fluctuations 
Air bubbles in tubing 
Lamp cable not plugged in 
Lamp power set at 0 
Lamp is dead 
Power supply fuse is blown 
Short in cord 
Incorrect standard used 

Incorrect dilution performed 
Dirty cell 

Standards reading twice or half 
normal absorbance or concentration 

Background Correction Light Blinking Background screen.or attenuator faulty 
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CONTAMINATION CONTROL GUIDELINES 
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APPENDIX E. CONTAMINATION CONTROL GUIDELINES 

The following procedures are strongly recommended to prevent contamination: 

All work areas used to p~pare standards and spikes should be cleaned before and 
after each use. 

All glassware should be washed with detergent and tapwater~ and rinsed with 1: 1 
nitric acid followed by deionized water. 

Proper laboratory housekeeping is essential in the reduction of contamination in the 
metals laboratory. All work areas must be kept scrupulously clean. 

Powdered or Latex Gloves must not be used in the metals laboratory since the powder 
contains silica and zinc, as well as other metallic analytes. Only vinyl or nitrile 
gloves should be used in the metals laboratory. 

Glassware should be periodically checked for cracks and etches and discarded if 
found. Etched glassware can cause cross contamination of any metallic analytes. 

Autosampler trays should be covered to reduce the possibility of contamination. 
Trace levels of elements being analyzed in the samples can be easily contaminated by 
dust particles in the laboratory. 

The following are helpful hints in the identification of the source of contaminants: 

Reagents or standards can contain contaminants or be contaminated with the improper 
use of a pipette. 

Improper cleaning of glassware can cause contamination. 

Separate glassware if an unusually high sample is analyzed and soak with sulfuric 
acid prior to routine cleaning. 

.,.- 
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kpPENDIX F. PREVENTIVE MAINTENANCE 

A maintenance log is used to record when maintenance is performed on~instmments. When an 
instrument problem occurs indicate the date, time and instrument number, then identify the problem 
arid corrective action in the maintenance log. 

The following procedures are required to ensure that that the instrument is fully oprrational. 

Check Hg lamp intensity. If 

intensity is below 500,000 

clean cell and lenses 

Check liquid/gas separator. 

Clean aspirator in aqua regia. 
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1. SCOPE AND APPLICATION 

1.1. This procedure describes the analysis of certain metals by Graphite Furnace Atomic 
Absorption Spectroscopy (GFAA) using SW-846 protocol, Method 7000A and the 
MCAWW 200 series methods. Table I (Appendix A) lists the routine elements 
approved for analysis by Method 7000A and the 200 series methods. Table IA 
(Appendix A) lists non-routine elements that may be analyzed under Method 7000A 
and the 200 series methods, provided the method performance criteria presented in 
Section 13.0 are met. 

1.2. GFAA analysis provides for the determination of metal concentrations in the parts per 
billion range. Detection limits, sensitivity and optimum concentration ranges of the 
metals will vary with the matrices and instrumentation used. The sensitivity and 
limited linear dynamic range of GFAA often implies the need to dilute a sample prior 
to analysis. The actual magnitude of the dilution can dramatically influence the 
quality of the analytical results. Therefore, sample types requiring large dilutions 
(>50: 1) should be analyzed by another client approved test procedure that has a larger 
linear dynamic range or that is inherently less sensitive than GFAA. -. 

1.3. Method 7000A is applicable to the determination of dissolved, suspended, total 
recoverable and total elements in ground water, aqueous samples, solids, sludges, 
wastes, sediments, air sampling media, biological tissue, wipes and TCLI’, EP and 
other leachates/extracts. All matrices require digestion prior to analysis, with the 
exception of analyses for dissolved metals in filtered and acidified aqueous samples. 
Although digestion is not specifically requited by the method, some clients and 

‘regulators do require digestion of dissolved samples and this must be clarified before 
project initiation. 

1.4. Series methods are applicable to the determination of dissolved, suspended, total 
recoverable and total elements in ground water, aqueous samples, solids, sludges, 
wastes, and sediments. All matrices require digestion prior to analysis, with the 
exception of analyses for dissolved metals in filtered and acidified aqueous samples if 
the criteria in Section 11.2 are met. Although digestion is not specifically required by 
the method, some clients and regulators do require digestion of dissolved samples and 
this must be clarified before project initiation. 

1.5. This method is not applicable to drinking water samples due to the wide array of state 
specific requirements which must be accommodated. Refer to facility specific Sops 
for guidance on performing drinking water analyses. 

-. 
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2. SUMMARY OF METHOD 

2.1. This method describes a technique for the determination of elements in solution. The 
basis of the method is the measurement of atomic absorption by an optical 
spectroscopic technique. A representative aliquot of a sample is placed in a graphite 
Nbe in the furnace, evaporated to dryness, charred and atomized, causing the atoms to 
be vaporized and dissociated within the graphite tube. A light beam from a hollow 
cathode lamp (HCL) or electrodeless discharge lamp (RDL) is directed through the 
graphite tube. The intensity of the transmitted radiation decreases in proportion to the 
amount of the ground state atoms in the vapor contained within the graphite tube. 
Because the wavelength of the light beam is characteristic of the metal being 
determined, the light energy absorbed by the sample in the tube is a measure of the 
concentration of that metal in the sample. Concentration of the analyte in the sample 
is determined by comparison of the sample absorbance to the calibration curve 
(absorbance vs. concentration). 

2.2. Consult the appropriate SOP’s for details on sample preparation methods. 

3. DEFINITIONS 

3.1. Dissolved Metals: Those elements which pass through a 0.45 urn membrane. 
(Sample is acidified after filtration). 

3.2. Suspended Metals: Those elements which are retained by a 0.45 urn membrane. 

3.3. Total Metals: The concentration determined on an unfiltered sample following 
vigorous digestion. 

3.4. Total Recoverable Metals: The concentration determined on an unfiltered sample 
following treatment with hot, dilute mineral acid. 

4. INTERFERENCES 

Chemical and physioal interferences are prevalent when analyzing samples using these 
methods. 

4.1. The problem of oxide formation is greatly reduced with furnace procedures because 
atomization occurs in an inert atmosphere. The technique, however, is still subject to 
chemical interferences. The composition of the sample matrix can have a major 
effect on the analysis and must be taken into consideration in the analysis of each 
different matrix encountered. The effects of the sample matrix are evaluated by 
following the spike recovery check procedure described in Section 9.7. 
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4.2. 

4.3. 

4.4. 

4.5. 

4.6. 

4.7. 

4.8. 

Matrix modifiers are added to the samples prior to the determination of most analytes. 
The modifier prevents premature loss of the analytes as volatile salts and/or helps 
prevent signal suppression during atomization due to the formation of high 
temperature stable complexes.. 

Background interferences must be compensated for by the use of background 
correction. Background correction is especially important below 350 nm. Certain 
samples, when atomized, may absorb or scatter light from the lamp. This can be 
caused by the presence of gaseous molecular species, salt particles, or smoke in the 
sample beam. Zeeman background correction must be used for all analysis. Zeeman 
background correction is effective in overcoming composition or structured 
background interferences. It is particularly useful when analyzing for As in the 
presence of Al and when analyzing for Se in the presence of Fe. 

Interference from a smoke-producing sample matrix can sometimes be reduced by 
extending the charring time at a higher temperature or utilizing an ashing cycle in the 
presence of air, or by diluting the sample. Care must be taken, however, to prevent 
the loss of the analyte. 

Samples containing large amounts of organic materials should be oxidized by acid 
digestion before being placed in the furnace. In this way, broad band absorption will 
be minimized. 

Carbide formation, resulting from the chemical environment of the furnace, has been 
observed in certain elements that form carbides at higher temperatures (e.g., MO, V). 
When carbides form, the metal is released very slowly from the resulting metal 
carbide during the atomization cycle. For example, molybdenum may require 30 set 
or more atomization time for the signal to return to the baseline level. Carbide 
formation is greatly reduced and sensitivity increased with the use of pyrolytically 
coated graphite and must be used for all analysis. 

Based on anion interference studies in the graphite furnace, it is generally accepted 
that nitrate is the preferred anion to combine with metal cations. Therefore, nitric 
acid is preferable for any digestion or solubilization step. If another acid in addition 
to~nitric acid is required, a minimum amount should be used. This applies particularly 
to hydrochloric acid and, to a lesser extent, to sulfuric and phosphoric acids. 

Memory effects occur when the analyte is not totally volatilized during atomization. 
The analyte which remains in the furnace can produce false positive signals on 
subsequent samples. This condition depends on several factors: volatility of the 
.element and its chemical form, whether pyrolytic graphite is used, the rate of 
atomization and furnace design. The analyst should establish the analyte 
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concentration which can be injected into the furnace and adequately removed in one 
complete set of furnace cycles. This concentration represents the maximum 
concentration of analyte within a sample which will not cause a memory effect on the 
subsequent samples. If during a sample analysis run this concentration is exceeded, 
the tube should be cleaned by performing blank tube bums , as needed, to assure the 
memory interference has been eliminated before continuing sample analysis. 

4.9. Specific element interferences 

l High lead concentrations cause spectral interferences for antimony on the 217.6- 
mn line. The interference is eliminated by the use of Zeeman background 
correction or the use of the secondary wavelength. Antimony also suffers from 
an interference produced by KzSO4. 

. Arsenic and selenium analyses are subject to many interferences. Elemental 
arsenic and selenium and their compounds are volatile and are subject to losses 
during sample preparation. Verify that the analyte is not volatilized using spike 
samples. A matrix modifier must be added to minimize volatilization during 
drying and ashing. Caution must be employed in selecting temperatures and times 
for the dry and char steps. In addition to the normal interferences, arsenic and 
selenium can suffer from severe nonspecific absorption and light scattering caused 
by matrix components during atomization. Arsenic analysis is particularly 
susceptible to these problems because of its low analytical wavelength (193.7 
nm). Zeeman background correction is used to avoid erroneous high results for 
arsenic from aluminum interferences and low bias for selenium from iron 
interferences. 

l Cadmium can be affected by severe nonspecific absorption and light scattering 
caused by matrix during atomization. To minimize this, simultaneous background 
correction is required. A matrix modifier solution can reduce the effects of 
premature volatilization from excess chlorides. 

. Due to interferences from nonspecific absorption and scattering, background 
correction should be used when analyzing for chromium. Low concentrations of 
calcium and/or phosphate may also cause interferences. Chromium is very 
susceptible to carbide formation and memory effects. . Nitrogen should not be 
used as the purge gas because of a possible CN band interference. 

l For lead, matrix modification should be used to suppress sulfate interferences. 

l The use of hydrochloric acid should be avoided for silver analysis since silver 
chloride is insoluble. Storage of silver standards in brown bottles may prevent 
silver nitrates from plating on the container walls. 

&-a92 
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l Hydrochloric acid or excessive chlorides will cause volatilization of thallium at 
low tempemhrcs. The use of spike samples helps to verify that losses are not 
occurring. 

5. SAFETY 

5.1. 

5.2. 

5.3. 

5.4. 

5.5. 

5.6. 

Procedures shall be carried out in a manner that protects the health and safety of all ” 
Quanterra associates. 

Eye protection that satisfies ANSI 287.1 (as per the Chemical Hygiene Plan), 
laboratory coat, and chemically resistant gloves must be worn while samples, 
standards, solvents, and reagents are being handled. Disposable gloves that have been 
contaminated will be removed and discarded; other gloves will be cleaned 
immediately.Neoprene, natural rubber, ninile and TRIonic@ Cleanroom gloves 

provide varying degrees of protection against those chemicals listed. Refer to 
permeation/degradation charts for the actual data. 

The health and safety hazards of many of the chemicals used in this procedure have 
not been fully defined. Additional health and safety information can be obtained from 
the Material Safety Data Sheets (MSDS) maintained in the laboratory. The following .- 
specific hazards are known: 

5.3.1. The following materials are known to be corrosive: 

hydrochloric acid, nitric acid, sulfuric acid, phosphoric and hydrofluotic acid. 

5.3.2. The following materials arc known to bc oxidizing agents: 

nitric acid and hydrogen peroxide. 

Exposure to chemicals must be maintained as low as reasonably achievable. 
Therefore, unless they are known to be non-hazardous, all samples should be opened, 
transferred and prepared in a fume hood, or under other means of mechanical 
ventilation. Solvent and waste containers will be kept closed unless transfers are 
being made. 

The preparation of standards,reagents, and the processing of samples will be 
conducted in a fume hood with the sash closed as far as the operation will permit. 

The use of hydrofluoric acid requires special safety precautions. Consult the facility 
EH&S manager and laboratory supervisor for guidance. 

.- 

c-4-293 
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NOTE: Contact may not be painful at first. The fluoride ion rapidly penetrates the 
skin and may cause delayed effects: lasting ulcerations, bone degeneration, pulmonary 
edema, muscle paralysis, and cardiac arrest. Any suspected exposure to HF 
liquid/fumes must be immediately evaluated by appropriate medical staff (i.e. U.C. 
Davis Medical Group Emergency Room.) Review Appendix A for a detailed first aid 
plan before work with HF begins. 

5.6.1. The CA Emergency Medical Services Authority recommends a magnesium 
sulfate solution (Epsom salt) or lime water (CaOH) as effective irrigating . 
solutions. Magnesium-containing antacids (Maalox@ or Mylanta@) can be 
applied topically. 

5.6.2. Some metals react with I-IF to release flammable hydrogen gas 

5.6.3. Glass reacts with I-IF to produce toxic silicon tetrafluoride. 

.- 

5.1. 

5.8. 

5.9. 

5.10. 

5.11. 

5.12. 

5.13. 

All work must be stopped in the event of a known or potential compromise to the 
health and safety of a Quanterra associate. The situation must be reported 
immediately to a laboratory supervisor. 

The Zeeman background correction technique utilizes a strong magnet. People with 
electronic cardiac pacemakers or similar devices that are affected by strong magnetic 
fields should not be near the instruments during operation. 

Do not look directly into the beam of a HCL or EDL. The UV light that these lamps 
radiate is harmful to the eyes. 

Do not look directly at the graphite tube when it is heated to incandescence to avoid 
possible injury to the eyes from the intense radiation. 

The furnace heats to approximately 3000°C during atomization. Therefore, to avoid 
burns, be cautious not to touch the furnace housing until the furnace has cooled 
sufficiently. 

Cylinders of compressed gas must be handled with caution, in accordance with local 
regulations. It is recommended that, wherever possible, cylinders be located outside 
the laboratory and the gas led to the instrument through approved lines. 

The furnace must be properly vented with an exhaust hood directly over the furnace 
chamber to remove potentially harmful fumes generated when samples are heated. 
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6. EQUJPMENTANDStJPI’L~ 

6.1. 

6.2. 

6.3. 

6.4. 

6.5. 

6.6. 

6.1. 

6.8. 

6.9. 

Atomic Absorption Spectrophotometer equipped with graphite furnace, autosampler 
and background correction. 

Hollow cathode (HCL) or electrodeless discharge lamp (EDL) with EDL power 
supply. 

Argon gas supply, welding grade or equivalent. 

Pyrolytically coated graphite tubes and platforms. 

Coolflow or appropriate water cooling device. 

Calibrated automatic pipettes or Class A glass volumetric pipettes. 

Class A volumetric flasks. 

Autosampler cups. 

Disposable cups or tubes. 

7. REAGENTS AND STANDARDS 

7.1. Stock standards are purchased as custom Quanterra multi-element mixes or as single 
element solutions. All standards must be stored in FEP fluorocarbon or previously 
unused polyethylene or polypropylene bottles. Stock standard solutions must be 
replaced prior to the expiration date.provided by the manufacturer. If no expiration 
date is provided, the stock solutions may be used for up to one year and must be 
replaced sooner if verification from an independent source indicates a problem. 

7.2. Working calibration and calibration verification solutions must be made daily. 
Standards must be prepared in a matrix of 2% HNOr per 100 mL for all analytes 
except antimony. Antimony standards must be made in a matrix of 2% HNOs and 5% 
HCl. 

7.3: Refer to Tables JR, IV, and V (Appendix A) for details regarding the working 
standard concentrations for calibration, calibration verification and spiking solutions. 

7.4. Concentrated nitric acid (HNOs), trace metal grade or better. 

7.5. Concentrated hydrochloric acid (HCl), trace metal grade or better. 
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7.6. Hydrogen peroxide (&Or), 30%. 

7.7. Reagent water must be produced by a Millipore DI system or equivalent. Reagent 
water must be free of the analytes of interest as demonstrated through the analysis of 
method blanks. 

7.8. Matrix modifiers as recommended by instrument manufacturers. The use of a 
palladium modifier is.stronglyrecommended for the determination of all analytes. 
This will correct for general chemical interferences as well as allow for higher char 
and atomization temperatures without allowing the premature liberation of analyte. 

8. SAMPLE COLLECTION, PRESERVATION, AND STORAGE 

8.1. Sample holding times for metals are six months from time of collection to the time of 
analysis. 

8.2. Aqueous samples are preserved with nitric acid to a pH of <2 and may be stored in 
either plastic or glass. Refrigeration is not required. Preservation must be verified 
prior to analysis. 

8.3. Soil samples do not require preservation but must be stored at 4°C * 2” until the time 
of analysis. 

9. QUALITY CONTROL 
- 

Table VI (Appendix A),provides a summary of quality control requirements including 
type, frequency, acceptance criteria and corrective action. 

9.1. Initial Demonstration of Capability 

Prior to the analysis of any analyte using 7000A or the 200 series methods, the 
following requirements must be met. 

9.1.1. Instrument Detection Limit (IDL) -The IDL for each analyte must be 
determined for each analyte wavelength used on each instrument. The IDL 
must be determined annually. If the instrument is adjusted in any way that 
may affect the IDL, the lDL for tha,t instrument must be redetermined. For 
example, the IDL must be redetermined after the instrument is moved or the 
internal optics cleaned. The IDL shall be determined by multiplying by 3, the 
standard deviation obtained from the analysis of a standard solution (each 
analyte in reagent water) at a concentration 3 - 5 times the previously 
determined IDL, with seven consecutive measurements. Each measurement 
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must be performed as though it were a separate analytical sample (i.e., each 
measurement must be followed by a rinse and/or any other procedure 
performed between the analysis of separate samples). Analytical spikes are 
not required for IDL determinations by 7000A and 200 series methods. IDLs 
determined’by the CLP procedure can be used for this method. The result of 
the IDL determination must be below the Quanterra reporting limit. 

9.1.2. Method Detection Limit (MDL) - An MDL must be determined for each 
analyte/matrix prior to the analysis of any samples. The MDL is determined 
using seven replicates of reagent water, spiked with all the analytes of interest, 
that have been carried through the entire analytical procedure. MDLs must be 
redetermined on an annual basis in accordance with 40 CPR Part 136 
Appendix B requirements as detailed in Quartterra QA Policy QA-005. The 
spike level must be between the calculated MDL and 10X the MDL to be 
valid. The result of the MDL determination must be below the Quanterra 
reporting limit. 

9.2. Method Blank (MB) - One method blank must be processed with each preparation 
batch. The method blank consists of reagent water containing all reagents specific to 
the method that is carried through the entire analytical procedure, including 
preparation and analysis. The method blank is used to identify any system and 
process interferences or contamination of the analytical system that may lead to the 
reporting of elevated analyte concentrations or false positive data. The method blank 
should not contain any snalyte of interest at or above the reporting limit (exception: 
common laboratory contaminants, see below) or at or above 5% of the measured 
concentration of that analyte in associated samples, whichever is higher (sample result 
must be a minimum of 20 times higher than the blank contamination level). 

l If the analyte is a common laboratory contaminant (copper, iron, lead or zinc) the 
data may be reported with a qualifier if the concentration of the analyte in the 
method blank is less than two times the RL (see Appendix G) Such action must 
be taken in consultation with the client and must be addressed in the project 
narrative. 

l Repreparation and reanalysis of all samples associated with an unacceptable 
method blank is required when reportable concentrations are determined in the 
samples (see exception noted above). 

l If there is no analyte greater than the RL in the samples associated with an 
unacceptable method blank, the data may be reported with qualifiers. Such 
action must be taken in consultation with the client and must be addressed in 
the project narrative. 

c4 -a77 
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l If the above criteria are not met and reanalysis is not possible, then the sample 
data must bc qualified. This anomaly must be addressed in the project 
narrative and the client must be notified. 

l For dissolved metals samples which have not been digested, a continuing 
calibration blank (CCB) result is reported as the method blank. The CCB run 
immediately prior to the start of the dissolved sample analyses must be used for 
this purpose. No more than 20 samples can be associated with one CCB: 

9.3. Laboratory Control Sample (LCS) - One aqueous LCS must be processed with each 
preparation batch. The LCS must contain all analytes of interest and must be carried 
through the entire analytical procedure. The LCS is used to monitor the accuracy of 
the analytical process. Aqueous LCS spike levels are provided in Table IfI (Appendix 
A). On-going monitoring of the LCS results provides evidence that the laboratory is 
performing the method within acceptable accuracy and precision guidelines. 

l If any analyte is outside established control limits the system is out of control 
and corrective action must occur. Until in-house control limits are 
established, a control limit of 80 - 120% recovery must be applied. 

l In the event that an MSA4SD analysis is not possible, a Laboratory Control 
Sample Duplicate (LCSD) must be analyzed. The RPD of the LCS and LCSD 
must be compared to the matrix spike RPD limits. 

l In the instance where the LCS recovery is greater than 120% and the sample 
results are c RL, the data may be reported with qualifiers. Such action must 
be taken in consultation with the client and must be addressed in the c&se 
narrative. 

. Corrective action will be repreparation and reanalysis of the batch unless the 
client agrees that other corrective action is acceptable. 

l For dissolved metals samples which have not been digested, a continuing 
calibration verification (CCV) result is reported as the LCS. The CCV run 
immediately prior to the start of the dissolved sample analyses must be used 
for this purpose. No more than 20 samples can be associated with one CCV. 

9.4. Matrix Spike/Matrix Spike Duplicate (MSIMSD) - One MS&ED pair must be 
processed for each preparation batch. A matrix spike (MS) is a field sample to which 
known concentrations of target analytes have been added. A matrix spike duplicate 
(MSD) is a second aliquot of the same sample (spiked identically as the MS) prepared 
and analyzed along with the sample and matrix spike. Some client specific data 
quality objectives (DQO’s) may require the use of sample duplicates in place of or in 
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addition to MSiMSD’s. The MS/MSD results are used to determine the effect of a 
matrix on the precision and accuracy of the analytical process. Due to the potential 
variability of the matrix of each sample, these results may have immediate bearing 
only on the specific sample spiked. Samples identified as field blanks cannot be used 
for MS/l&SD analysis. Spiking levels are provided in Table III (Appendix A). 

l If any analyte recovery or RPD falls outside the acceptance range, therecovery 
of that analyte must be in control for the LCS and the MS/MSD must be 
reanalyzed once to confirm the out of control event. Until in-house control 
limits are established, a control limit of 80 - 120 % recovery and 20% RPD 
must be applied to the MWMSD. If the LCS recovery is within limits, then 
the laboratory operation is in control and the results may be accepted. If the 
recovery of the LCS is outside limits, corrective action must be taken. 
Corrective action will include repreparation and reanalysis of the batch. 
MShGD results which fall outside the control limits must be addressed in the 
narrative. 

l If the native analyte concentration in the MSlMSD exceeds 4 times the spike 
level for that analyte, the recovery data are reported as NC (i.e., not 
calculated). If the reporting software does not have the ability to report NC - 
then the actual recovery must be reported and narrated as follows: “Results 
outside of limits do not necessarily reflect poor method performance in the 
matrix due to high analyte concentrations in the sample relative to the spike 
level.” 

. If an MS&ISD is not possible due to limited sample volume, then a laboratory 
control sample duplicate (LCSD) should be analyzed. The RPD of the LCS 
and LCSD must be compared to the matrix spike RPD limits. 

. For dissolved metals samples which have not been digested, a MSJMSD must 
be performed per batch of up to 20 samples by spiking two aliquots of the 
sample at the levels specified in Table III (Appendix A). 

9.5. Initial Calibration Verification (ICVIICB) - Calibration accuracy is verified by 
analyzing a second source standard (ICV). The ICV result must fall within 10% of 
the true value for that solution. An ICB is analyzed immediately following the ICV to 
monitor low level accuracy and system cleanliness. The ICB result must fall within 
+/- the reporting limit (RL) from zero. If either the ICV or ICB fail to meet criteria, 
the analysis should be terminated, the problem corrected and the instrument 
recalibrated. (See Section 11.14 for required run sequence). 

9.6. Continuing Calibration Verification (CCVKCB) - Calibration accuracy is monitored - 
throughout the analytical run through the analysis of a known standard after every 10 
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samples. The CCV must be a mid-range standard at a concentration other than that of 
the ICV. For analyses that require 200 series methods the CCV result must fall within 
10% of the true value. For Method 7OOOA. the CCV result must fall within 20% of 
the true value for that solution. A CCB is analyzed immediately following each CCV. 
(See Section 11.14 and 11.15 for required run sequence.) The CCB result must fall 
within +/- RL from zero. Each CCV and CCB analyzed must reflect the conditions of 
analysis of all associated samples. Sample results may only be reported when 
bracketed by valid 1CVlCCV and ICBKCB pairs. If a mid-run CCV or CCB fails, the 

. analysis must be terminated, the problem corrected, the instrument recalibrated, the 
calibration verified and the affected samples reanalyzed. 

9.7. Spike Recovery Check (AS) - In order to verify the presence or absence of matrix 
interferences, a post digest analytical spike is analyzed for each sample, including the 
method blank. A post digest spike is not required on the LCS or matrix spike sample. 
The analytical spike of a sample must be run immediately after that sample. See 
Table Ill (Appendix A) for spiking levels. The percent recovery of the spike will then 
determine how the sample will be quantitated and reported as follows: 

l If the spike recovery is less than 40%, the sample must be diluted and rerun with 
another spike (recommended dilution 5-10X) and flagged with the appropriate 
qualifier (see Appendix G). If the spike recovery still falls less than 40% the 
client should be contacted and an alternate method of analysis recommended (i.e., 
Trace or ICP). 

l If the spike recovery is greater than or equal to 40% and less than 85%, report the 
data with the following flag: “Post digestion spike recovery fell between 40-85% 
due to matrix interference.” 

l If the spike recovery is greater than or equal to 85% and less than or equal to 
115%, reportthe data untlagged. 

. If the spike recovery is greater than 115% and less than 150% and the sample. 
result is less than the Quanterra reporting limit, then report the data unflagged. 

l If the spike recovery is greater than 115% and less than 150% and the sample 
result is greater than the Quanterra reporting lunit, then report the data with the 
following flag “1”: “Post digestion spike recovery fell between 115-150% due to 
matrix interference.” 

l If the spike recovery is greater than 150% and the sample result is less than the 
Quantetra reporting limit, then report the data unflagged. 
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l If the spike recovery is greater than 150% and the sample result is greater than the 
Quanterra reporting limit then dilute the sample and rerun with another spike. 
Until the spike recovery falls less than 150%, this dilution step must be repeated. 

l If the method blank (MB) analytical spike recovery is less than 85% or greater 
than 115%. the spiking solution must be verified by respiking and rerunning the 
MB once. If the MB analytical spike is still out of control, correct the problem 
and reanalyze all analytical samples associated with that blank. 

9.8. Method of Standard Addition @ISA) -This technique involves adding known 
amounts of standard to one or more aliquots of the processed sample solution. This 
technique compensates for a sample interferent that may enhance or depress the 
analyte signal, thus producing a different slope from that of the calibration standards. 
It will not correct for additive interferences which cause a baseline shift. By 
definition, the recovery check procedure defined in Section 9.7 is a single point MSA. 
Sample results are not biased corrected based on the single point MSA result unless 
this is specifically requested by the client. Refer to Section 11.16 for additional 
information on when full 4 point MSA is required as well as Appendix C for specific 
MSA requirements. 

9.9‘ Quality Assurance Summaries - Certain clients may require specific project or 
program QC which may supersede the SOP requirements. Quality Assurance 
Summaries (QAS) should be developed to address these requirements. 

10. CALIBRATION AND STANDARDIZATION 

10.1. Set up the instrument with the operating parameters recommended by the 
.manufacturer. Allow the instrument to become thermally stable before beginning 
calibration (approximately 80 minutes of warm-up is required). Refer to the facility 
specific instrument SOP and GFAA instrument manual for detailed setup and 
operation protocols. 

10.2. Calibrate the instrument according to instrument manufacturer’s instructions, using a 
minimum of three standards and a blank. See Table V (Appendix A) for calibration 
standard details. One standard must be at the Quanterra reporting limit as defined in 
Tables I and LA (Appendix A). Calibration standards must be prepared fresh daily. 

10.3. Calibration must be performed daily (every 24 hours) and each time the instrument is 
set up for an element. The instrument calibration date and time must be included in 
the raw data. 

-. 

10.4. Refer to Section 9.0 for calibration verification procedures, acceptance criteria and 
corrective actions. 

- 
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11. PROCEDURE 

11.1. Because of differences between various makes and models of GFAA instrumentation, 
no detailed operating instructions can be provided. Refer to the facility specific 
instrument operating SOP and the GFAA instrument manual for detailed setup and 
operation protocols. 

l Table II (Appendix A) provides recommended GFAA analytical guidelines for 
wavelength, char and atomization temperatures, and tube type. 

l All labs are required to detail the furnace conditions/programs utilized for each 
analyte/instrument within the facility specific instrument operation SOP. 

11.2. For 200 series analyses, dissolved samples must be digested unless it can be 
documented that the sample meets all of the following criteria: 

A. COD is c 20 ppm. 
B. Visibly transparent with a turbidity measurement of 1 NTU or less. 
C. Colorless with no perceptible odor. 
D. Is of one liquid phase and free of particulate or suspended matter following 

acidification. 

11.3. The use of an autosampler for all runs is required; The use of an autosampler for the 
addition of matrix modifier and analytical post digestion spikes is strongly 
recommended if the instrument in use is capable of the automated additions. 

11.4. To reduce the number of reruns due to dilutions it is recommended that whenever 
possible the samples be run. by ICP first to “screen” the samples prior to GFAA 
analysis. The information obtained from the~ICP run will enable the analyst to either 
eliminate the GFAA analysis completely (i.e., if sufficiently high report ICP result 
with client approval) or dilute the samples appropriately. Screening also may prevent 
potential contamination of the analytical system as well as other samples during, the 
instrument run. 

11.5. To facilitate the early identification of QC failures and samples requiring rerun it is 
strongly recommended that sample data be reviewed periodically throughout the run. 

11.6. To facilitate the data review and reporting processes it is strongly recommended that 
all necessary dilutions and post digestion spikes be performed before closing out the 
instrument run. 

11.7. Daily, prior to the analysis of samples, a sensitivity check must be performed and 
recorded. The sensitivity of the instrument may be checked by calculating the 
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characteristic mass. If the daily results do not compare within +/- 30% of the 
reference sensitivity the instrument may need adjustment. Refer to Appendix D for 
assistance if the criterion is not met. 

11.8. At a minimum, single burn analyses will be performed. When double burns are 
performed, the CV or RSD must be less than or equal to 20% if the sample results are 
greater than the reporting limit. 

11.9. All measurements must fall within the defined calibration range to be valid. Dilute 
and reanalyze all samples for analytes that exceed the highest calibration standard. 
Acid strength must be maintained in the dilution of samples through the use of 
acidified dilution water (2% HNOs). 

11.10. If the sample results are negative and the absolute value of the negative result is 
greater than the reporting limit, the sample must be diluted and reanalyzed. 

11.11. Samples requiring large dilutions due to the presence of high concentrations of 
analyte may be reported using alternate techniques (i.e., ICP, flame) with the 
approval of the client. Whenever possible, samples should be processed by ICP, prior 
to GFAA, to facilitate in determining appropriate dilution factors or eliminate the - 
GFAA analysis altogether. 

11.12. Baseline correction or cleanout bums are acceptable as long as it is performed after 
every sample or after the CCV and CCB; resloping is acceptable as long as it is 
immediately preceded and followed by a compliant CCV and CCB. Cleanout bums 
must be counted as injections when determining instrument QC frequency. 

11.13. Graphite tubes may be changed.during an analytical run, providing the last samples 
analyzed on the tube are a compliant CCV and CCB, and the first samples analyzed 
on the new tube are a compliant CCV and CCB. 

11.14. The following analytical sequence must be used with 7000A and 200 series methods: 

Instrument Calibration (Blank and three standards) 
ICV, 
ICB 
Maximum 10 samples 
ccv 
CCB 
Maximum 10 samples 
ccv 
CCB 

w-363 . 
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Pace: ISof 

Repeat sequence of 10 samples between CCVlCCB pairs as required to complete run 
ccv 
CCB 

Refer to Quality Control Section 9.0 and Table VI (Appendix A) for quality control 
criteria to apply to Methods 7000A and the 200 series methods. 

Note: Samples include the method blank, LCS, MS, MSD, duplicate, field samples .’ 
and sample dilutions.. Spike recovery check (AS) injections are not considered 
as independent samples for the purpose of determining instrument QC 
frequency. 

Il. 15. The following run sequence is consistent with 7OOOA. CLP and 200 series, and may 
be used as an alternate to the sequence in 11.14. This run sequence is recommended 
if multiple method requirements must be accommodated in one analytical run: 

_- 

Instrument Calibration (Blank and three standards) 
ICV 
ICB 
cRA** 
ccv 
CCB 
5* samples with AS (maximum 20 burns) 
ccv 
CCB 
5* samples with AS (maximum 20 burns) 
ccv 
CCB 
Repeat sequence of .5* samples between CCV/CCB pairs as required to complete run. 

ccv 

CCB 

Refer to the appropriate CLP SOP (CORP-MT-0004) for quality control requirements 
for QC samples. 

* Note- Only 5 samples can be analyzed between CCV/CCB because double bum 
analyses rue performed as required by CLP protoc?ls. 

**Note- Refer to the CLP SOP for information on the CRA. 
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11.16. For TCLP samples, full four point MSA will be required if all of the following 
conditions are met: 

1) recovery of the analyte in the matrix spike is not at least 50%. 

2) the concentration of the analyte does not exceed the regulatory level; and, 

3) the concentration of the analpe is within 20% of the regulatory level. 

The reporting and regulatory limits for TCLP analyses as well as matrix spike levels 
are detailed in Table IV (Appendix A). Appendix C provides guidance on performing 
MSA analyses. 

11.17. Guidelines are provided in the appendices on procedures to minimize contamination 
of samples and standards, preventive maintenance and troubleshooting. 

11.18. One time procedural variations are allowed only if deemed necessary in the 
professional judgment of supervision to accommodate variation in sample matrix, 
radioactivity, chemistry, sample size, or other parameters. Any variation in procedure 
shall be completely documented using a Nonconformance Memo and is approved by a 
Technical Specialist and QA Manager. If contractually required, the client shah be - 
notified. The Nonconformance Memo shah be tiled in the project file. 

11.19. Any unauthorixed deviations from this procedure must also be documented as a 
nonconformance, with a cause and corrective action described. 

12. DATA ANALYSIS AND CALCULATIONS 

12.1. ICV percent recoveries are calculated according to the equation: 

12.2. CCV percent recoveries are calculated according to the equation: 

12.3. Analytical spike and matrix spike recoveries are calculated according to the following 
equation: 

_ 
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%R = lOO(SSRS;ISR) 

SSR = Spike Sample Result 
SR = Sample Result 
SA = Spike Added 

NOTE: When the sample concentration is less than the IDL, use SR = 0 for purposes 
of calculating analytical spike recovery. 

12.4. The relative percent difference (RPD) of matrix spike/matrix spike duplicates or 
sample duplicates are calculated according to the following equations: 

RPD=l 

Where: 
MS = determined spiked sample concentration 
MSD = determined matrix spike duplicate concentration 

Where: 
DUl = Sample result 
DU2 = Sample duplicate result 

12.5. The final concentration for a digested aqueous sample is calculated as follows: 

mglL= 
CxVlxD 

v2 
Where: 

C = Concentration (mg/L) from instrument readout 
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D = Instrument dilution factor 
Vl = Final volume in liters after sample preparation 
V2 = Initial volume of sample digested in liters 

12.6. The final concentration determined in digested solid samples when reported on a dry 
weight basis is calculated as follows: 

mg I Kg,dry weight = 
CxVxD 

wxs 

Where: 
C = Concentration (mg/L) from instrument readout 
D = Instrument dilution factor 
V = Final volume in liters after sample preparation 
W = Weight in Kg of wet sample digested 
S = Percent solids/100 

Note: A Percent Solids determination must be performed on a separate aliquot when 
dry weight concentrations are to be reported. If the results are to be reported on 
a wet weight basis, the “S” factor should be omitted from the above equation. -. 

12.7. The LCS percent recovery is calculated according to the following equation: 

12%. Appropriate factors must be applied to sample values if dilutions are performed. 

12.9. Sample results should be reported with up to three significant figures in accordance 
with the Quantetra significant figure policy. 

13. METHOD PERFORMANCE 

13.1. Each laboratory must have initial demonstration of performance data on tile for each 
analyte of interest as described in Section 9.0. 

13.2. Refer to Tables I & IA in Appendix A for the list of routine as well as non-routine 
analytes that may be analyzed using this SOP. 

13.3. Method performance is determined by the analysis of matrix spike and matrix spike 
duplicate samples as well as method blanks and laboratory control samples. The 
matrix spike recovery should fall within +/- 20 5% and the matrix spike duplicates 

c4-307 
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should compare within 20% PPD. Method blanks must meet the criteria specified in 
Section 9.2. The laboratory control samples should recover within 20% of the true 
value until in house control limits are established. 

13.4. Training Qualification: 

The group/team leader has the responsibility to ensure that this procedure is 
performed by an associate who has been properly trained in its use and has the 
required experience. 

‘- 

14. POLLUTION PREVENTION 

15. 

14.1. Standards and/or solutions are not approved for disposal to the sinks. 

WASTE MANAGEMENT 

15.1. Waste generated in the procedure must be segregated and disposed according to the 
facility hazardous waste procedures. The Environmental Health and Safety Director 
should be contacted if additional information is required. 

15.2. Standards should be purchased and prepared in volumes consistent with laboratory 
use to minimize the volume of expired standards to be disposed. 

15.3. All waste must be disposed of according to the facility hazardous waste management 
procedures, Attachment C of the Quantetra Inc., Chemical Hygiene Plan, Section 
WSOO2, Table 1. 

15.4. ‘Samples and other solutions containing high concentrations of toxic materials must be 
disposed of according to the facility hazardous waste management procedures, 
Attachment C of the Quantexra, Inc., Chemical Hygiene Plan, Section WSOO3, 
Disposal of Samples After Analysis. 

16. REFERENCES 

16.1. Test Methods for Evaluating Solid Waste , Physical/Chemical Methods, SW-846,3rd 
Edition, Final Update I, July 1992. Methods 7OOOA, 7060A, 7740,742 1.7841.7041, 
7131A, 7191,721l and7761. 

16.2. Methods for the Chemical Analysis of Water and Waste, 1983. 

16.3. CFR Part 136, Table IB, 7-l-92. 
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16.4. CORP-MT-0004, Graphite Furnace Atomic Absorption Spectroscopy Method, 
2xX.X - CLF-M, SOW ILMO3.0. 

16.5. QA-003, Quanterra QC Program. 

16.6. QA-004, Rounding and Significant Figures. 

16.7. QA-005, Method Detection Limits. 

16.8. LS-CAL-2002, STANDARDS AND QC SOLUTIONS PREPARATION-METALS. 

16.9. SAC-QA-0004, MAINTENANCE AND CALIBRATION CHECK OF FIXED AND 
ADJUSTABLE VOLUME AUTOPIPETTORS. 

17. MISCELLANEOUS (TABLES, APPENDICES, ETC. ) 

17.1. Modifications/Interpretations from reference method. 

17.1.1. Modifications from both 7000A and 200 series methods. 
-, 

17.1.1.1. The 200 series methods and Chapter 1 of SW846 specify the use of 
reagent water with a purity equivalent to ASTM Type II water. 
This SOP specifies the use of a Millipore DI system or equivalent 
to produce reagent water. This SOP requires that reagent water 
must be free of the analytes of interest as demonstrated through the 
analysis of method blanks. 

17.1.1.2. The alternate run sequence presented in Section 11.15 is consistent 
withmethod requirements. Additional QC analyses were added to 
accommodate the CLP protocol requirements. 

17.1.2. Modifications from Method 7000A. 

17.1.2.1. Chapter 1 of SW-846 states that the method blank should not 
contain any analyte of interest at or above the MDL. This SOP 
states that the method blank must not contain any analyte of 
interest at or above the reporting limit. Common lab contaminants 
are allowed up to two times the reporting limit in the blank 
following consultation with the client. 

17.1.2.2. The SW846 methods contain contradictory statements regarding 
the frequency of CCV analysis. Section 7.3.6 of Method 7OOOA 
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states a check standard should be run after approximately every 10 
sample injections. Section 8.3 (Quality Control) states a check 
sample must be run every 10 samples. Since Quanterra defines an 
analytical sample as a sample with its~ corresponding interference 
test and the SW846 document contains discrepancies in the 
frequency requirements for CCV analysis, this SOP requires that a 
CCV be analyxed every 10 analytical samples or 20 bums, 
whichever is more frequent. 

17.1.2.3. Section 1.2 of Method 7000A states ‘To ensure valid data with 
furnace techniques, the analyst must examine each matrix for 
interference effects and, if detected, treat them accordingly, using 
& successive dilution, matrix modification, or method of 
standard addition.” Quanterra utilizes matrix modifiers for all 
GFAA analyses and has also elected to run all samples using single 
point MSA rather than spike one ‘*representative” sample per 
matrix type. The serial dilution test is presented in Method 7000A 
as a means to determine if interferences are present. Since the 
Quanterra SOP proceeds directly to single point MSA on all 
samples the use of the serial dilution test is not incorporated in this 
SOP. Sample results are not biased corrected based on the single 
point MSA result unless this is specifically requested by the client. 

17.1.2.4. The SW846 methods contain contradictory statements regarding 
the acid matrix for calibration standards. Section 5.7.of Method 
7000A states that the calibration standards should be prepared 
using the same type of acid or combination of acids and at the same 
concentration as will result in the samples following processing. 
Section 5.0 in each of the 7000 series methods states differing 
specific concentrations of acids in each method (i.e., Method 7421 
states a 0.5% HNO3 matrix). Since the addition of nitric acid to 
samples acts as a modifier (i.e., improves the recovery of the 
analyte) and the digestion procedures used incorporate higher nitric 
acid concentrations than specified in the individual methods, this 
SOP requires a 2% HNOr matrix for all standards. 

17.1..3. Modifications from 200 series methods. 

17.1.3.1. Method 200.0 section 9.3.7 states that a check standard should be 
run after approximately every 10 sample injections. Method 200.0 
section 10.2.2 states that the curve must be verified every 20 
samples. Since Quanterra defines an analytical sample as a sample 
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with its corresponding interference test and Method 200.0 contains 
discrepancies in the frequency requirements for CCV analysis, this 
SOP requires that a CCV be analyzed every 10 analytical samples 
or 20 burns whichever is more frequent. 

17.1.3.2. The 200 series methods coritain,contradictory statements regarding 
the number of calibration standards to be used for calibration., 
Section 8.3 of the introductory method states to “Prepare a blank 
and at least four calibration standards using the same type of acid 
or combination of acids and at the same concentration as will result 
in the samples following processing. Section 10.2.1 of the same 
document states that a calibration curve is composed of a minimum 
of a reagent blank and three standards. This SOP requires the use 
of a blank and three standards. 

17.1.3.3. Each analyte specific 200 series met&I specifies matrix modifiers. 
EPA recognizes that there have been many improvements in matrix 
modifier technology since these methods were originally written. 
In order to minimize interferences due to sample matrix, Quanterra 
has adopted the use of a palladium matrix modifier and/or currently _ 
recommended manufacturer modifiers. 

17.2. Modifications from previous SOP 

Facility specific flags were identified for method blanks, and MSA reporting. 

17.3. Facility Specific SOPS 

Each facility shall attach a list of facility specific SOPS or approved attachments (if 
applicable) which are required to implement this SOP oi which are used in 
conjunction with this SOP. If no facility specific SOPS or amendments are to be 
attached, a.statement must be attached specifying that there are none. Refer to the 
Appendices for any facility specific information required to support this SOP. 

17.4. Documentation and Record Management 

The following documentation comprises a complete GFAA raw data package: 

l Raw data (direct instrument printout signed by analyst) 

l Relevant sample preparation benchsheets. 

c4 -3// 
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l Run log printout from instrument software where this option is available or 
manually generated run log. (A bench sheet may be substituted for the run log as 
long as it contains an accurate representation of the analytical sequence and 
sufftcient date and time information to verify that the QC time criteria were met). 

Note: The Ward CVT benchsheet option is recommended as an efficient way to 
generate a benchsheet and run log. 

9 Data review checklist - See Appendix B 

l Standards Documentation (including prep date, source and lot number). 

17.5. Non-conformance summary (if applicable). 

.-. 

.-- 
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Figure 2. Recovery Check Protocol 
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TABLE I. 7000 and 200 Series Routine Analyte List 
ELEMENT Symbol CAS # SW-846 MCAWW Aqueous BL Solid RL 

t 

I 1 I 
h*dhnrl I.IUUIYY Method OYm (mg/Kg) 

Arsenic AS 1 74 m-38-2 706OA : 206.2 10 1.0 
I Seleninm I Se I 77X2-49-2 1 7740 270.2 5 0.5 

TABLE IA. Non-routine GFAA Analytes * 
[ ELEMENT 1 Symbol 1 CAS # 1 SW846 [ MCAWW 1 

7081 1 208.2 1 
Method 1 Method 

Barium Ba 7440-39-3 
Beryllium Be 7440-41-7 7091 210.2 

Cobalt co 7440-48-4 7201 219.2 
Iron Fe 7439-89-6 7381 236.2 

Manganese Mn 7439-96-5 7461 243.2 
Molybdenum ( MO 1 7439-98-7 1 7481 246.2 

“,XVX4;..“, 1, ’ -‘“40-62-2 7911 286.2 
7951 289.2 

Note: Elements are not available at all Quanterra Laboratories. 

* Additional elements may be possible by this method. ICP is recommended for all 
elements listed in Table IA. 

**Not recommended by this procedure due to background.contamination levels. 

NA - Not applicable. 
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TABLE II. Recommended GFAA Analytical Guidelines 

I I hhnllChar 1 Atom 

*F’y/Pl refers to a pyrolytically coated platform tube. 
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TABLE III. Matrix Spike, Analytical Spike and 

*If running in combined protocol mode ( Section 11.15), a spike level of 1Oppb is 
used to accommodate CLP criteria. 

-- 

TAB1 
l---T 

CCl-3ao 
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TABLE V. Calibration and Calibration Verification Standards 

?NT IStdl IStd2 IStd~3 IICV ICCv 
I 1n I dn I 

30 
30 
20 
20 

2 
10 

-iii- 
4 
40 

*SOP specified calibration levels must be used unless prevented by the instrument 
configuration or client specific requirements. Deviations from specified calibration levels 
must be documented in the facility specific instrument operation SOP and must be approved 
by the facility technical manager and Quality Assurance Manager. 

c4-33/ . 
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TABLE VI. Summary Of Quality Control R :equirement.s 
QC PARAMETER FREQUENCY * ACCEPTANCE 

1 

1 1 

I 

[CV Beginning of every 
analytical rtln. 

[CB 

xv 

Beginning of every 
analytical run, 
immediately following 
the ICV. 
Every 10 samples and 
at the end of the run. 

ZCB Immediately following 
each CCV. 

Method Blank One per sample 
preparation batch of 
up to 20 samples. 

CRITERIA 
90 - 110 % recovery 

The result must be withir 
+/- RL from zero. 

Method 7OOOA: 
80 - 120 % recovery. 

200 series: 
90 -110 % recovery. 

The result must be withir 
+/- IU from zero. 

The result must be less 
than or equal to the RL. 

Common lab 
contaminants may be 
accepted up to 2x the RL 
after consultation with 
the client (See Section 
9.2) 

Sample results greater 
than 20x the blank 
concentration are 
acceptable. 

Samples for which the 
contaminant is < RL do 
not require redigestion 
(See Section 9.2). 

LSee sections 11.14 and 11.15 for exact run sequence to be followed. 

CORRECTIVE 
ACTION 
Terminate analysis;~ 
Correct the problem; 
Recalibrate. 
Terminate analysis; ’ 
Correct the problem; 
Recalibrate. 

Terminate analysis; 
Correct the problem; 
Recalibrate and rerun all 
samples not bracketed by 
acceptable CCV. 
Terminate analysis; 
Correct the problem; 
Recalibrate and rerun all 
samples not bracketed by 
acceptable CCB. 
Redigest and reanalyze 
samples. 

Note exceptions under 
criteria section. 

See Section 9.2 for 
additional requirements. 



GRAPHITE PURNACE ATOMIC ABSORPTION SPECTROSCOPY 
SW-g46 METHOD 7OlXA and MCAWW 200 SERIES METHODS 

APPENDIX A -TABLES 

SOP No. CORP-MT4003SAC 
Revision No. 1.1 
Revision Date: 9496 
Page: 35 of 5 1 

TABLE VI. Sumrm y of Quality Contra 
QC PARAMETER FREQUENCY 

‘Laboratory Control 
Sample (LCS) 

Matrix Spike 

Matrix Spike 
Duplicate 

AnalyticalSpike 

One per sample 
preparation batch of 
up to 20 samples. 

One per sample 
preparation batch of 
up to 20 samples. 

See Matrix Spike 

One per each sample 
analyzed including 
method blank. 

lequirements (Continued) 
ACCEPTANCE 
CRITERIA 
Aqueous LCS must be 
within 80 - 120% recovery 
or in-house control limits. 

Samples for which the 
contaminant is c RL and 
the LCS results are > 120% 
may not require redigestion 
or reanalysis (see Section 
9.3) 
80 - 120 % recovery or in- 
house control limits. If the 
MSIMSD is out for an 
analyte, it must be in 
control in the LCS. 

80 - 120 % recovery or in- 
house control limits; RPD 
S20%. (SeeMS) 
85 - 115 % recovery. 

CORRECTIVE 
ACTION 
Terminate analysis; 
Correct the problem; 
Redigest and reanalyze 
all samples associated 
with the LCS. 

In the absence of client 
specific requirements, 
flag the data; no flag 
required if the sample 
level is > 4x the spike 
added. 

For TCLP see Section 
11.16 
See Corrective Action 
for Matrix Spike. 

See Section 9.7 (Spike 
Recovery Check). 

CY-323 
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Quanterra GFAA Data Review Checklist 

Run!Proiect Information 

Run Date: 
Prep’Batches Run: 

Adyst: Instrument: 

Circle Methods used: 7OOOA I2XX.X : CORP-MT-0003 Rev 1 
CLP : CORP-MT-0004 Rev 1 

ated per manufachwer’s instructions and at SOP 

1. Are aU nonconformances documented appropriately ? 
2. Current IDUMDL data on file? 
3. Calculations and Transcriptions checked for error ? 
4. All client/ project specific requirements met? 
5. Date/time of analysis verified as correct ? 

Analyst: 
Comments: 

Date: 

2nd Level Reviewer : Date: 
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APPENDIX C. MSA GUIDANCE 

Method of Standard Addition 

Four equal volume aliquots of sample are measured and known amounts of standards are added to 
three aliquots. The fourth ahquot is the unknown and no standard is added to it. The concentration 
of standard added to the first aliquot should be 50% of the expected concentration.’ The 
concentration of standard added to the second aliquot should be 100% of the expected concentration 
and the concentration of standard added to the third aliquot should be 150% of the expected 
concentration. The volume of the unspiked and spiked standard should be the same. 

In order to determine the concentration of analyte in the sample, the analytical value of each solution 
is determined and a plot or linear regression performed. On the vertical axis the analytical value is 
plotted versus the concentrations of the standards on the horizontal axis. An example plot is shown 
in Figure 1. When the resulting line is extrapolated back to zero absorbance, the point of 
interception of the horizontal axis is the concentration of the unknown. 

Figure 1 

Concentration 

‘Cm. of 
Sample 

Addn 0 Addn I Addn 2 Addn 3 
No Addn Addn of 50% Addn of 100% Addn of 150% 

Of Expected of Expected of Expected 
Amount Amount Amounr 
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. For the method of standard additions to be correctly applied, the following limitations must be 
taken into consideration. 

. The plot of the sample and standards must be linear over the concentration range of,concem; For 
best results, the slope of the curve should be similar to that of a plot of the aqueous standard 
curve. 

l The effect of the interference should not vary as the ratio of the standard added to the sample 
matrix changes. 

..- 
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APPENDIX D. TROUBLESHOOTING GUIDE 

%oblem Possible Cause 

toor or No Absorbance or Read time too short 
lensitivity Check failed Incorrect wavelength 
See Section 11.4) Low atomization temperature 

Char temperature too high 
Dry temperature too high 
No read step in program 
Dirty windows 
Window loose 
Etched or dii optics 
Wrong lamp 
Bad lamp 
Bad graphite tube 
Bad contact rings 
Not enough or no sample injected 
Empty sample cup 
No modifier in sample 
Incorrectly made standards 
Poor injection into tube or on platform 
Plush solution empty 
Gas flow during read step 
Gas leak 
EDL power supply set on “Continuous” 

rube Impedance Error Bad tube 
Bad contact rings 
Sample matrix 
Door not tight 
Argon supply out 
Cooling system malfunction 

_.- 
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‘roblem 
%ratic Readings or 
sigh % RSD 

Possible Cause 
Source lamp not aligned properly 
Lamp not prewarmed 
Injection tip partially clogged 
Rinse bottle empty 
Water cooling not on. 
Bad lamp 
Injection tip hitting outside of tube 
Injection tip coated or not set properly 
Salt buildup on tip 
Leak in sample capillary 
Ruby valve clogged 
Wrong or no modifier 
Incomplete dry step 
Dry temperature- too high 
Bad tube 
Bad contact rings 
Unstable power supply 

?DL Won’t Light 
Air bubbles in syringe or cylinders(Varian) 
Lamp cable not plugged in 
Lamp power set at 0 
Lamp is dead 
Power supply fuse is blown 
Short in cord 

iample Not Drying or Crackling 
Lamp driver faulty (EDL2) 
Incorrect dry temperature 
Tube is placed incorrectly 
Tube is bad 
Platform not seated properly 
Furnace door not tight 
Sample matrix 
Bad contact rings 

ltandards reading twice normal 
bsorbance or concentration 
tackground Correction Light 
3linking 

‘reparation blank spike recovery 
butside recovery limits 

Incorrect standard used 
Incorrect dilution perform 
Background screen or attenuator faulty 
D2 lamp and element lamp energy don’t match 
Analyte lamp energy too low (bad lamp) 
Background screen or attenuator faulty 
Incorrect concentration of nitric acid 
HCI added to sample in prep lab 
Injection tip worn or clogged 
Sample pump worn 
Contaminated cup or spike solution 

-. 
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APPENDIX E. CONTAMINATION CONTROL GUIDELINES 

me following’procedums are strongly recommended to,prevent contamination: 

All work areas used to prepare standards and spikes should be cleaned before and 
after each use. 

All glassware should be washed with detergent and tap water and rinsed with 1:l 
nitric acid followed by deionized water. 

Proper laboratory housekeeping is essential in the reduction of contamination in the 
metals laboratory. All work areas must be kept sc~pulously clean. 

Powdered or Latex Gloves must not be used in the metals laboratory since the powder 
contains silica and zinc, as well as other metallic analytes. Only vinyl or nitrile 
gloves should be used in the metals laboratory. 

Glassware should be periodically checked for cracks and etches and discarded if 
found. Etched glassware can cause cross’contamination of any metallic analytes. 

Autosampler trays should be covered to reduce the possibility of contamination. 
Trace levels of elements being analyzed in the samples can be easily contaminated by 
dust particles in the laboratory. 

The following are helpful hints in the identification of the soyrce of contaminants: 

Yellow pipet tips and volumetric caps can sometimes contain cadmium. 

Some sample cups have been found to contain lead. 

The markings on glass beakers have been found to contain lead. If acid baths are in 
use for glassware cleaning, they should be periodically checked for contaminants 
since contaminant concentrations will increase over time. 

The buildup of matrix modifiers in the furnace housing can cause cross 
contamination. For example: If nickel nitrate is used as a matrix modifier, the furnace 
housing should be thoroughly cleaned prior to the analysis of nickel. 

New glassware, especially beakers, can be a source of silica and boron. 

Reagents orstandards can contain contaminants or be contaminated with the improper 

use’of a pipette. 

‘Improper cleaning of glassware can cause contamination. 

Pyrolytic tubes can contain contaminants. If suspected, the tube should be cleaned by 
operating the furnace at full power as required to eliminate the contamination. 

Latex gloves contain over 500 ppb of zinc. 

l5!4-333. 
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APPENDIX F. PREVENTIVE MAINTENANCE 

A maintenance log is used to record when maintenance is performed on instruments. When an 
instrument problem occurs indicate the date, time and instrument ,number, then identify the problem 
and corrective action in the maintenance log. 

The following procedures are required to ensure that that the instrument is fully operational. 

Daily Clean contact rings and windows 
Check tube and platform, replace if corroded, flaking or sensitivity check fails 
Check gas lines and supply level 
Check rinse solution and fill if needed 
Check drain lines and waste containers, empty if needed 
Clean outside of capillary tip 
Adjust autosampler arm as needed 
Debubble syringe (Varian instruments only) 
Clean fume extraction tip, replace fume extraction filter and water trap (PE41OOZL) 

Weekly Trim capillary tip as needed 
Check water level in coolflow 
Wipe exterior of instrument 

Monthly, Clean filters and radiators 

Quarterly Change-contact rings (if needed) 
Clean instrument water system 

Annually Notify manufacturer service engineer to clean optics 

To obtain the maximum graphite tube life the following guidelines should he followed. 

1. Contact rings should be cleaned when replacing the graphite tube. 

2. After insertion, every new tube should be thermally conditioned. It is recommended that for the 
first heating, a ramp time between 60 and 100 seconds and a temperature range from ambient 
temperature to 265O’C be applied. After a few seconds at 2650°C and a cool down of 20 
seconds, the process should be repeated three times with a ramp time 10 seconds. 

3. It is very important to long tube life to always use a ramp time for thermal pretreatment. No 
higher temperature increase than 50°C per second is recommended. 
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4. For optimal performance, no higher atomization temperatures should be used than 2650°C for 
pyrolytically coated tubes and 2700°C for uncoated tubas. For refractory elements, application of 
higher atomization temperature can initially increase the signal, but will drastically reduce the 
tube lifetime. 

5.. When using peak area, atomization time has to be sufficiently long for the signal to come back to 
the baseline. High atomization and heatout temperatures should be applied as long as required, 
and not a second longer. 

6. To avoid a negative effect of acids on tube lifetime, always keep a check on acid concentrations, 
use a slow ramp for thermal pretreatment and use pyrolytically coated tubes as specified in Table 
Il. 

7. If the temperature of the GFAA cooling water is too low and the flowrate is too high, 
condensation from atmospheric humidity can occur around the contact rings. A cooling water 
flowrate of 2 Umin +/-0.5 Cumin is specified by Perkin Elmer. The use of a coolflow is strongly 
recommended since it always provides the same water flow and temperature. 

c 

8. Nitrogen gas results in a lower peak sensitivity for several elements. It can also cause the 
generation of cyanogen above 23OO”C, making it potentially dangerous in a poorly ventilated 
room. Perkin Elmer recommends the use of argon. 

,- 
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The following are footnotes that are to be applied to data by the reviewer during data reduction 
and LMS entry. Use these qualifiers in the absence of any other client-specific requirements. 

Qualifier/Flag Definition Conditions for use and how applied 

B This analyte is also detected in The flag is applied to each applicable analyte in 
the blank at a reportable level. each sample when: 

l analytes are detected above the reporting 
limit in both the blank and the samples or 

l laboratory contaminants are detected in the 
blank at a concentration less than 2X the 
reporting limit. 

See section 9.2 for specific acceptance 
procedures. 

P Reporting limit was raised when Apply to the sample if 
the sample was diluted to verify 
a suspected matrix interference. l the AS recovery is <40%, 

l the sample is diluted, and reanalyzed with 
another analytical spike. 

See section 9.7 of this SOP. 

1 The post-digestion spike Apply to the sample if: 
recovery fell between 115%- 
150% due to matrix l theASrecoveryis>115%and 
interference. 

l the AS recovery is ~150% and 

l the sample result is greater than the 
reporting limit. 
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1. SCOPE AND APPLICATION 

1.1. This SOP describes the application of the Toxicity Characteristic Leaching Procedure 
(TCLP), SW846 Method 1311. The Toxicity Characteristic (TC) of a waste material 
is established by determining the levels of 8 metals and 31 organic chemicals in the 
aqueous leachate of a waste. The TC is one of four criteria in 40 CPR Part 261 to 
determine whether a solid waste is classified as a hazardous waste. The other three. 
are corrosivity, reactivity and ignitability. The TC Rule utilizes the TCLP method to 
generate the leachate under controlled conditions which were designed to simulate 
leaching through a landfill. EPA’s “worst case” waste disposal model assumes 
mismanaged wastes will be exposed to leaching by the acidic fluids generated in 
municipal landfills. The EPA’s model also assumes the acid/base characteristics of 
the waste will be dominated by the landfill fluids. The TCLP procedure directs the 
testing laboratory to use a more acidic leaching fluid if the sample is an alkaline 
waste, again in keeping with the model’s assumption that the acid fluids will 
dominate leaching chemistry over time. 

1.2. The specific list of TC analytes and regulatory limits may be found in Appendix A. 

Note: The list in Appendix A does not include the December 1994 EPA rule for 
Universal Treatment Standards for Land Disposal Restrictions. Those 
requirements include 2 16 specific metallic and organic compounds and, in 
some cases, lower detection limit requirements (see 40 CPR 268.40). TCLP 
leachates are part of the new Universal Treatment Standards;but the 
conventional analytical methods will not necessarily meet the new regulatory 
limits. Consult with the client and with Quanterra Technical Specialists 
before establishing the instrumental methods for these regulations. 

1.3. This SOP also describes the application of the Synthetic Precipitation Leaching 
Procedure (SPLP) which was designed to simulate the leaching that would occur if a 
waste was disposed in a landfill and exposed only to percolating rain water. The 
procedure is based on SW846 Method 1312. The list of analytes for SPLP may 
extend beyond the toxicity characteristic compounds shown in Appendix A. With 
the exception of the use of a modified extraction fluid; the SPLP and TCLP protocols 
are essentially equivalent. Where slight differences may exist between the SPLP and 
TCLP they are distinguished within this SOP. 

1.4. The procedure is applicable to liquid, solid, and multiphase wastes. 

1.5. The results obtained are highly dependent on the pH of the extracting solution, the 
length of time that the sample is exposed to the extracting solution, the temperature 
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during extraction, and the particle size/surface area of the sample. These parameters 
must be carefully controlled. 

1.6. The reporting limits are based on the individual samples as well as the individual 
analysis techniques. However, the sample is determined to be hazardous if it contains 
any analyte at levels greater than or equal to the regulatory limits. 

1.7. If a total analysis of the waste demonstrates that individual analytes are not present in 
the waste, or that they are present but at such low concentrations that the appropriate 
regulatory levels could not possibly be exceeded, the procedure need not be run. If the 
total analysis results indicate that TCLP is not required, the decision to cease TCLP 
analysis should be remanded to the client. 

1.8. If an analysis of any one of the liquid fractions of the procedure leachate indicates that 
a regulated compound is present at such a high concentration that, even after 
accounting for dilution from the other fractions of the leachate, the concentration 
would be equal to or above the regulatory level for that compound, then the waste is 
hazardous and it may not be necessary to analyze the remaining fractions of the 
leachate. However, the remaining analyses should not be terminated without the 
approval of the client. 

1.9. Volatile organic analysis of the leachate obtained using a bottle extraction, normally 
used for extractable organics and metals, can be used to demonstrate that a waste is 
hazardous, but only the ZHE option can be used to demonstrate that the concentration 
of volatile organic compounds is below regulatory limits. 

2. SUMTvlARY OF METHOD 

2.1. For liquid wastes that contain less than 0.5% dry solid material, the waste, after 
filtration through 0.6 to 0.8 pm glass fiber filter, is defined as the TCLP leachate. 

2.2. For wastes containing greater than or equal to 0.5% solids, the liquid, if any, is 
separated from the solids and stored for later analysis. The particle size of the 
remaining solid phase is reduced, if necessary. The solid phase is extracted with an 
amount of extraction fluid equal to 20 times the-weight of the solid phase. For TCLP, 
the extraction fluid employed for extraction of non-volatile analytes is a function of 
the alkalinity of the solid phase of the waste. For SPLP, the extraction fluid employed 
is a function of the region of the country where the sample site is located if the sample 
is a soil. If the sample is a waste or wastewater the extraction fluid employed is a pH 
4.2 solution. Two leachates may be generated: a) one for analysis of non-volatile 
constituents (semi-volatile organ&, pesticides, herbicides and metals and/orb) one 
from a Zero Headspace Extractor (ZHE) for analysis of volatile organic constituents. 



SOP No. CORP-IF’-OOO4SA 
Revision No. 0.1 
Revision Date: 8/14/96 

/- TCLP and SPLP Leaching Procedure Page: 5 of 54 

Following extraction, the liquid leachate is separated from the solid phase by filtration 
through a 0.6 to 0.8 pm fiber filter. 

2.3. If compatible (i.e., multiple phases will not form orrcombination), the initial liquid 
phase of the waste is added to the liquid leachate and these are prepared and analyzed 
together. If incompatible, the liquids are analyzed separately and the results are 
mathematically combined to yield a volume-weighted average concentration. 

3. 

4. 

DEFINITIONS 

3.1. “Lea&ate” is used to refer to the TCLP solution generated from this procedure. 

3.2. “Percent Wet Solids” is that fraction of a waste sample (as a percentage of the total 
sample) from which no liquid may be forced out by an applied pressure. 

INTERFERENCES 

4.1. 

4.2. 

4.3. 

4.4. 

4.5. 

Oily wastes may present unusual filtration and drying problems. As recommended by 
EPA (see Figure 3). oily wastes will be assumed to be 100% liquid and analysis for 
total concentrations of contaminants will be performed. This applies specifically to 
samples containing viscous non-aqueous liquids that would be difficult to filter. 

Wastes containing free organic liquids (i.e., those with separable non-aqueous liquid 
phases) will be assumed to be 100% liquid and totals analysis will be performed to 
determine if the oil exceeds TCLP limits. 

,Solvents, reagents, glassware and other sample processing hardware may yield 
artifacts and/or interferences to sample analysis. All these materials must be 
demonstrated to be free from interferences under the conditions of the analysis by 
analyzing method blanks as described in the Section 9.0 and the individual 
determinative SOPS. 

Glassware and equipment contamination may result in analyte degradation. Soap 
residue on glassware and equipment may contribute to this. All glassware and 
equipment should be rinsed very carefully to avoid this problem. 

Phthalates may be eliminated by proper glassware cleanup and by avoiding plastics. 
Only glass, Teflon or Type 3 16 stainless steel tumblers may be used for leachates to 
be analyzed for organics. Plastic tumblers may be used for leachates to be analyzed 
for the metals. 
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4.6. Overexposure of the sample to the environment will result in the loss of volatile 
components. 

4.1. Potential interferences that may be encountered during analysis are. discussed in the 
individual analytical methods. 

5. SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of all 
Quantetra associates. 

5.2. Eye protection that satisfies ANSI 287.1 (as per the Chemical Hygiene Plan), 
laboratory coat, and appropriate gloves must be worn while samples, standards, 
solvents, and reagents are being handled. Disposable gloves that have been 
contaminated will be removed and discarded; other gloves will be cleaned 
immediately. 

5.3. The health and safety hazards of many of the chemicals used in this procedure have 
not been fully defined. Additional health and safety information can be obtained from 
the Material Safety Data Sheets (MSDS) maintained in the laboratory. The following -. 
specific hazards are known: 

5.3.1. Chemicals that have been classified as carcinogens, or potential 
carcinogens, under OSHA include: 

Methylene chloride 

5.3.2. Chemicals known to be flammable are: 

Methanol 

5.3.3. The following materials are known to be corrosive: 

Hydrochloric acid, nitric acid, sulfuric acid, acetic acid, sodium hydroxide 

.5.3.4. The following materials are known to bc oxidizing agents: 

Nitric Acid. 

5.4. Gas pressurized equipment is employed in this procedure. Be sure all valves and 
gauges are operating properly and that none of the equipment, especially tubing, is _ 
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over-pressurized. CAUTION: Do not open equipment that has been pressurized until 
it has returned to ambient pressure. 

5.5. A rotary agitation apparatus is used in this procedure. Certain samples may break the 
glass jars used in the procedure. For these samples, extra caution, including plastic or 
polyethylene overwraps of the glass jar, may be necessary. 

5.6. Secure tumbler and extraction apparatus before starting rotary agitation apparatus. 

5.7. During sample rotation, pressure may build up inside the bottle. Periodic venting of 
the bottle will relieve pressure. 

5.8. Exposure to chemicals must be maintained as low as reasonably achievable, therefore, 
unless they are known to be non-hazardous, all samples must be opened, transferred 
and prepared in a fume hood, or under other means of mechanical ventilation. 
Solvent and waste containers will.be kept closed unless transfers are being made. 

5.9. 

5.10. 

5.11. 

The preparation of standards and reagents and glassware cleaning procedures that 
involve solvents such as methylene chloride will be conducted in a fume hood with 
the sash closed as far as the operation will permit. 

All work must be stopped in the event of a known or potential compromise to the 
health and safety of a Quanterra associate. The situation must be reported 
immediately to a laboratory supervisor. 

Due to the potential for ignition and/or flammability, do not attempt to dry non- 
aqueous liquid samples in an oven. 

6. EQUIPMENT AND SUPPLIES 

6.1. Extraction vessels 

6.1.1. For volatile analytes - zero-headspace extraction (ZHE) vessel, gas-pressure 
actuated, Millipore YT3009OHW or equivalent (see Figure. 2). 

6.1.2. For metals - either borosilicate glass jars (112 - 1 gallons, with Teflon lid 
inserts) or 1 L HDPE (Nalgene or equivalent) bottles may be used. 

6.1.3. For non-volatile organics - only borosilicate glass may be used. 

6.2. ‘Vacuum filtration apparatus, capable of 0 - 50 psi and stainless steel pressure 
filtration apparatus (142 mm diameter), capable of 0 - 50 psi. 
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6.3. Borosilicate glass fiber filters, 0.6 - 0.8 pm (Whatman GF/F 14.2 cm, 0.7 pm or 
equivalent). When analyzing for metals, wash the filters with 1 N nitric acid and de- 
ionized water prior to use. Glass tiber filters are fragile and should be handled with 
care. 

6.4. Rotary agitation apparatus, multiple-vessel, Associated Design and Manufacturing 
Company 3740-6 or equivalent (see Figure 1). The apparatus must be capable of 
rotating the extraction vessel in an end-over-end fashion at 30 + 2 rpm. 

6.5. ZHE Extract Collection Devices are used to collect the initial liquid phase and the 
final extract of the waste from the ZHE device, either of the following may be used: 

6.5.1. Gas-tight syringes, 100 mL capacity, Hamilton 0158330 or equivalent, or 

6.5.2. Tedlar bags 

6.6. Top loading balance, capable of 0 - 4000 f O.Olg (all measurements are to be within + 
0.1 grams). 

6.7. pH meter and probe capable of reading to the nearest 0.01 unit, and with automatic ?, 

temperature compensation. 

6.8. pH probes. 

6.9. Magnetic stirrer/botplate and stirring bars. 

6.10. VOA vials, 20 mL, with caps and septa. 

6.11. Glass jars, l/2 - 1 gallon, with Teflon lid-inserts. 

6.12. Nalgene plastic bottles, 1 liter, 

6.13. Miscellaneous laboratory glassware and equipment. 

7. REAGENTS AND STANDARDS 

7.1. Reagent water for non-volatile constituents must be produced by a Millipore DI 
system or equivalent. For volatile constituents, water must be passed through an 
activated carbon filter bed (Milli-Q or tap water passed through activated carbon). 
Reagent water must be free of the analytes of interest as demonstrated through the 
analysis of method blanks. 

e-f- 347 
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7.2. Hydrochloric acid, 1 N: Carefully add 83 mL concentrated reagent grade HCl to 800 
mu magent water, cool and dihue to 1 liter with reagent water. Cap and shake to mix 
well. 

7.3. Nitric acid, 1 N: Carefully add 64 mL concentrated reagent grade HNO3 to 800 mL of 
reagent water, cool and dilute to 1 liter with reagent water. .Cap and shake to mix 

well. 

7.4. Sodium hydroxide, 1 N: Carefully add 40 g reagent grade NaOH pellets to 800 mL 
reagent water, stir until the pellets are completely dissolved, cool and dilute to 1 liter 
with reagent water. 

CAUTION: Heat is generated during this process. 

7.5. 

7.6. 

Acetic acid, glacial: concentrated, reagent grade liquid (HOAc). 

pH calibration solutions: buffered to a pH of 4,7, and 10. Commercially available. 
Fresh buffer solution must be used each day of analysis. 

7.1. TCLP Leaching Fluids 

7.1.1. General Comments 

7.7.1.1. The pH of both solutions listed below should be monitored daily 
and/or prior to use and the pH probes are to be calibrated prior to use. 

7.7.1.2. The leaching fluids MUST be prepared correctly. If the desired pH 
range is not achieved and maintained, the TCLP may yield erroneous 
results due to improper leaching. If the pH is not within the 
specifications, the fluid must be discarded and fresh extraction fluid 
prepared. 

7.7.1.3. Additional volumes of extraction fluids listed above may be prepared 
by multiplying the amounts of acetic acid and NaOH by the number 
of liters of extraction fluid required. 

7.7.2. TCLP Phtid #I: Carefully add 5.7 mL glacial acetic acid and 64.3 mL of 1 
N NaOH to 500 mL reagent water in a 1 liter volumetric flask. Dilute to a 
final volume of 1 L with reagent water, cap and shake to mix well. When 
correctly prepared, the pH of this solution is 4.93 f 0.05. 

CL)-3% 
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1.1.3. TCLP Fluid #2: Caretidly add 5.7 mL glacial acetic acid to 500 mL reagent 
water in a 1 liter volumetric flask. Dilute to a final volume of 1 L with 
reagent water, cap and shake to mix well. When correctly prepared, the pH 
of this solution is 2.88 f 0.05. 

7.8. Nitric acid, 50% solution: Slowly and caretirlly add 500 mL concentrated HNOs to 
500 mL reagent water. Cap and shake to mix well. 

7.9. Sulfuric acid / nitric acid (60/40 weight percent mixture) HrSO&NOs. Cautiously 
mix 60 g of concentrated sulfuric acid with 40 g of concentrated nitric acid. 

7.10. SPLP Leaching fluids 

7.10.1. 

7.10.2. 

7.10.3. 

I. 10.4. 

SPLP solutions are unbuffered and exact pH may not be attained. The pH of 
TCLP and SPLP fluids should be checked prior to use. If not within 
specifications, the fluid should be discarded and fresh fluid prepared. 

SPLP fluid #l: Add 60/40 weight percent mixture of sulfuric and nitric 
acids to reagent water until the pH is 4.20 f 0.05 This fluid is used for soils 
from a site that is east of the Mississippi River and for wastes and 
wastewaters. 

SPLP fluid #2: Add 60/40 weight percent mixture of sulfuric and nitric 
acids to reagent water until the pH is 5.00 f 0.05. This fluid is used for soils 
from a site that is west of the Mississippi River. 

SPLP fluid #3: This fluid is reagent water and is used for leaching of 
volatiles. Additionally, any cyanide-containing waste or soil is leached with 
fluid #3 because leaching of cyanide containing samples under acidic 
conditions may result in the formation of hydrogen cyanide gas. 

7.11. Methanol and methylene chloride - ‘used to aid in cleaning oil contaminated 
equipment. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. Samples being analyzed for non-volatile organic compounds should be collected and 
stored in glass containers with Teflon lid liners. Chemical preservatives shall NOT 
be added UNTIL AFTER leachate generation. 

8.2. Samples being analyzed for metals only can be collected in either glass or 
polyethylene containers. 
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8.3. 

8.4. 

8.5. 

8.6. 

When the waste is to be evaluated for volatile analytes, care should be taken to 
minimize the loss of volatiles. Samples shall be collected and stored in a maturer 
intended to prevent the loss of volatile analytes (e.g., samples should be collected in 
Teflon lined septum capped vials with minimal headspace and stored at 4 f 2 ’ C). 
Samples should be opened only immediately prior to extraction. 

Samples should be refrigerated to 4 k 2 a C unless refrigeration results in irreversible 
physical changes to the waste. If precipitation occurs, the entire sample (including 
precipitate) should be extracted. 

The minimum TCLP sample collection size is determined by the physical state or 
states of the waste and the analytes of concern. The amount of waste required varies 
with the percent solids. The lower the percent solids, the more waste will be required 
for preliminary and final testing. For aqueous samples containing between 0.5 and 
10% solids, several kilograms of sample are required to complete the analyses. The 
general minimal requirements when the samples are 100% solids include: 1 - 32 oz jar 
for semi-volatile organic analysis and metals, and 1 - 4 oz jar for volatile organic 
analysis. Low density sample materials, such as rags or vegetation, will require larger 
volumes of sample. For liquid samples (less than 0.5% solids), minimum 
requirements are 2 - 32 ox jars for semi-volatjle organic analysis and metals, and 2 - 8 
ox jars for volatile organic analysis. If volatile organic analysis is the only requested 
parameter, 2 separate jars are required. If matrix spike or duplicate control samples 
are requested, additional sample volume is required. If sufficient sample volumes 
were not received, analyses cannot be started and the client should be notified as soon 
as possible. 

TCLP leachates should be prepared for analysis and analyzed as soon as possible 
following extraction. Leachates or portions of leachates for metallic analyte 
determinations must be acidified with nitric acid to a pH less than 2, unless 
precipitation occurs. If precipitation occurs upon addition of nitric acid to a small 
aliquot of the leachate, then the remaining portion of the leachate shall not be 
acidified and the leachate shall be analyzed as soon as possible. All other leachates 
should be stored under refrigeration (4 f 2 “C) until analyzed. ZHE leachates must 
be stored in VOA vials filled to eliminate all headspace. 

w-350 
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8.7. Samples are subject to appropriate treatment within the following time periods: 

NOTE: The initial holding time is measured from date of collection to date extraction started, and 
subsequent holding times are measured from the date extraction starts. If sample holding 
times are exceeded, the values obtained will be considered minimal concentrations. 
Exceeding holding times is not acceptable in establishing that a waste does not exceed the 
regulatory level. Exceeding the holding time will not invalidate characterization if the waste 
exceeds the regulatory limit. 

9. QUALITY CONTROL 

9.1. Quality Control Batch (QC Batch) - QA-003 defines a QC Batch as a set of up to 20 - 
field samples of similar matrix that behave similarly and are processed using the same 
procedures, reagents and standards within the same time period. The same lot of 
reagents must be used within a batch. A minimum of one TCLP extraction blank 
(Method Blank), one Laboratory Control Sample (LCS), one Matrix Spike (MS), and 
one Matrix Spike Duplicate (MSD) will be prepared with each TCLP leachate batch: ,. 

9.2. Batching Samples - Groups of samples with visibly different bulk matrices (e.g., 
petroleum sludge and soil samples) must be batched separately for QC testing 
purposes. 

9.3. TCLP Extraction Blanks - A minimum of one blank (using the same extraction fluid 
as used for the samples) must be prepared and analyzed for every batch of samples 
extracted in a particular vessel type. The blanks are generated in the same way as the 
samples (i.e:, blanks will be tumbled and filtered with the samples). Extraction 
vessels will be uniquely numbered. Each time a new batch is set up the blank should 
be rotated sequentially to the next vessel to ensure all vessels are periodically 
checked. Consult the Quanterra QC Program and the individual analysis SOPS for 
blank acceptance criteria. 

9;4. Laboratory Control Sample (LCS) - A LCS is required with each batch of 20 or fewer 
samples. The LCS shall be generated after a batch of TCLP leachates have been 
generated (i.e., at the time of the preparative digestion or extraction) by spiking an 
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aliquot of the appropriate extraction fluid used for that batch. Consult the individual 
analysis SOPS for additional LCS guidance (i.e., spike amounts, spike levels, 
recovery criteria, etc.). 

9.5. Matrix Spike (MWMSD) - Matrix spikes are used to monitor the performance of the 
analytical methods on the matrix and to assess the presence of interferences, A 
MSiMSD pair are required with each batch of 20 or fewer samples. 

9.5.1. Matrix spikes are to be added after filtration of the TCLP leachate. Spikes 
are not to be added prior to the TCLP leaching. For metals, matrix suikes 
are to be added before meservation with nitric acid. 

9.5.2. The use of internal calibration or alternate methods may be needed when the 
recovery of the matrix spike is below the expected performance (see Section 
9.6.2). 

9.5.3. Consult the individual analysis SOPS for additional guidance on spike 
compounds and levels. 

,- 9.6. Corrective Actions 

9.6.1. Consult the Quanterra QC Program and individual analysis SOPS for 
corrective action for blanks and LCS 

9.6.2. Method of Standard Additions (MSA) shall be used for metals if all of the 
following conditions are met: 

. Recovery of the analyte in matrix spike is not at least 50%, 

l the concentration of the analyte does not exceed the regulatory 
level, and 

l the concentration of the analyte measured in the sample is within 
20% of the appropriate regulatory level. 

lf the matrix spike recovery is 5% or less due to dilution or matrix 
interference, contact the project manager and client for guidance. The client 
should also be contacted prior to initiation of any MSA steps. Refer to the 
individual analysis SOPS for details on how to perform MSA analysis. 

10. CALIBRATION AND STANDARDIZATION 

10.1. Refer to appropriate analysis SOPS. 
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11. PROCEDURE 

11.1. GENERALCOMMENTS 

11.1.1. One-time procedural variations are allowed only if deemed necessary in the 
professional judgment of supervision to accommodate variation in sample 
matrix, radioactivity, chemistry, sample size, or other parameters. Any 
variation in procedure shah be completely documented on a 
Nonconformance Memo kept in the project file and described in the final 
report. The variation must be approved by a project manager, Technical 
Specialist and QA Manager. Any unauthorized deviations from this 
procedure must also be documented as a nonconformance, with a cause and 
corrective action described. 

11.2. PRELIMINARY SAMPLE EVALUATIONS (Refer to Plow Chart #l, Appendix D) 
1 

11.2.1. Preliminary TCLP evaluations (percent solids, particle size, selection of 
extraction fluid, and fluid/leachate compatibility) are required to be done 
using a minimum of a 100 gram aliquot of waste. This aliquot may also 
undergo the actual TCLP or SPLP extraction for Non-volatiles ONLY IF it 
has NOT been oven dried. If the solid portion is oven dried, a separate 
aliquot must be used for the actual leaching procedure. 

11.2.2. Consult the holding times for the appropriate tests (Section 8.7) and 
prioritize extractions such that holding times are not exceeded. 

11.2.3. Determine the total volume of TCLP leachate (solid phase leachate + liquid 
filtrate) that needs to be generated for analysis according to the following: 

Table 2. Mininium Required Leachate Volume 

Semi-volatiles 

Pesticides 

400 

200 

I Herbicides 
I 200 

Met& 300 

11.2.3.1. SPLP - similar volumes are required like TCLP volatiles and 
metals. 

CJ-k-353 
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11.2.3.2. For TCLP and SPLP samples used for matrix spike and matrix 
spike duplicate analysis, three times the listed volumes are 
required. 

11.2.4. Sample Description (enter data on Worksheet 1) 

11.2.4.1. Record the number of phases observed in the sample: It is 
common that when more than one container of multi-phasic 
materials is received from the field, each container will show 
different amounts of each phase. 

11.2.4.1 .l If the sample has multiple phases and is received in 
more. than 1 bottle then the contents of each bottle 
should be combined in a single larger container prior 
to processing the sample further. If this is not 
possible, then the alternate procedure described in the 
following section should be used. 

11.2.4.1.2. Properly record the relative amounts of each phase by 
measuring the depth of the layers in each container 
after the contents have been allowed to settle. 
Determine the combined volume of each phase for all 
containers. Then mark the phase composition on a 
single container, mix thoroughly to obtain a 
representative subsample, and accurately measure the 
phase composition according to the following 
procedure. The two sets of values (combined 
volumes per phase and phase composition for one 
container) are used to determine the correct 
volume/mass adjustments on the final result. This 
procedure is not appropriate if testing will be done for 
volatile organic compounds. 

11.2.4.2. Solid - record the visible presenceof a solid material heavier than 
water. If the sample contains more than one solid phase (e.g., 
wood and sediment mixed with water), documenr comment on 
benchsheet. 

11.2.4.3. Liquid - record the number of liquid phases observed in the 
sample according to apparent density. It may be impossible to 
distinguish apparent density if only one liquid phase is observed 
and there is no indication on the COC form. If this is the case, 

c4-354 
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record it as aqueous material and let the subsequent analytical 
record show if the liquid is organic. 

11.25. Percent Solid Phase (enter data on Worksheet No. 1) 

11.251. Percent Solids and ZHE Extractions - The ZHE filtration 
apparatus cannot accurately determine percent solids less than 5%. 
If an extraction is to be performed solely for volatile organic 
compounds and the percent solids concentration is apparently 
greater than 596, proceed to Section 11.4 (Procedure: ZHE 
Extraction Procedure, Volatile Constituents). Otherwise, continue 
with the steps in this section. The aliquot of sample used here 
cannot be used again for the ZHJZ extraction. 

11.2.5.2. Determine Type of Filtration Apparatus Needed 

11.2.5.2.1. If the waste will obviously yield no free liquid when 
subjected to pressure filtration (i.e., it is 100% solid), 
then proceed to Section 11.2.6 (Particle-size 
Reduction). 

11.2.5.2.2. If the sample is mostly a non-viscous liquid (water or 
non-viscous organic liquid) of low solids content 
(~10%) or a highly granular, liquid containing waste 
vacuum filtration may be used. 

11.2.5.2.3. If the sample is viscous (sludge or has high solids 
content), use pressure filtration. 

11.2.5.3. Weight of subsample and filtrate for percent solids measurement 

11.2.5.3.1. Assemble the filtration apparatus (use blunt forceps to 
handle the 0.6 to 0.8 urn filter membrane). 

11.2.5.3.2. Homogenize the waste, transfer a minimum of a 100 g 
subsample to the weighing vessel. Measure and 
record the gross weight. 

11.2.5.3.3. Measure and record the tare weight of the filtration 
vessel. 
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11.2.5.3.4. Transfer the sample to the filtration device attempting 
to spread the waste sample evenly over the surface of 
the filter. Measure and record the tare weight of the 
empty weighing vessel and any residual sample. 

11.2.5.3.5. Calculate and record the net weight of sample used 
for testing. 

11.2.5.4. Filtration for percent solids 

11.2.5.4.1. Slowly apply gentle pressure or vacuum of 10 psi to 
the filtration apparatus. Allow the sample to filter 
until no SIGNIFICANT additional liquid has passed 
through the filter during a 2 minute period. 

11.2.5.4.2. Repeat previous step by increasing the pressure in 10 
psi increments until a maximum of 50 psi is reached. 
Stop the filtration when no additional filtrate is 
generated within a 2 minute period. 

Note: Some samples will contain liquid material that 
does not filter (e.g., oil). Do not attempt to 
filter the sample again by exchanging filters. 
Viscous oils or any wastes which does not pass 
through the filter is classified as a solid. 

11.2.5.4.3. Remove the filtrate collection vessel, weigh and 
record the gross weight. 

11.2.5.4.4. Calculate and record the net weight of filtrate This 
result will be used in the percent solids calculation. 

11.2.5.4.5. Pour the filtrate into a graduated cylinder. Measure 
and record the volume of the aqueous phase. Measure 
and record the volume of any organic phase. If more 
than one organic phase is observed, enter “see below” 
and provide a description at the bottom of benchsheet. 

These results will be used in the final sample 
calculations. 

11.2.5.4.6. Retain the filtrate for use in Section 11.2.8 
(Determination of Filtrate/Extraction Fluid 

CLt-35G 
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Compatibility), and for possible recombination with 
the filtrate obtained in Section 11.3. 

11.2.5.5. Percent of Wet Solids 

11.2.5.5.1. Calcul@e the total weight of wet solids using 
Equation: E = D-B. 

11.2.5.5.2. Calculate the weight percent of wet solids using 
Equation: % E = _Ex 100. 

c 

11.2.5.5.3. If the percent wet solids result is 10.5% and < 5.0%. 
and it is noticed that a small amount of the aqueous 
filtrate is entrained in the wetting of the filter, proceed 
to.Section 11.2.5.7 to complete the percent solids 
measurement on a dry-weight basis. 

Note: If obviously oily (non-aqueous) material is 
entrained on the filter, do not dry the filter; 
proceed to Section 11.2.6 (Particle-Size 
Reduction). 

11.2.5.5.4. If the percent wet solids result is greater than 5.0%, 
proceed to Section 11.2.6 (Particle-Size Reduction) 
and mark “XI.5%” on bench sheer. 

11.2.5.5.5. If the percent wet solids result is less than 0.5%, 
discard the solid phase. No leaching will be 
necessary; the filtrate is equivalent to the final 
leachate. 

11.2.5.6. Weight percent of dry solids (skip this step for oily samples). 

Note: These steps are required only if it is noticed that a small 
amount of the filtrate is entrained iu wetting of the filter 
& the percent wet solids content is 2 0.5% and < 5.0 %. 

11.2.5.6.1. Remove the filter with the wet solids from the 
filtration apparatus. 

11.2.5.6.2. Dry the filter and solid phase at 100 f 20 o C. 
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11.2.5.6.3. Remove the filter from the oven and allow to cool in a 
desiccator. 

11.2.5.6.4. Weigh and record the gross dry weight. 

11.2.5.6.5. Repeat the drying step. Weigh and record the second 
gross dry weight. If the two weightings do not agree, 
within l%, perform additional drying and weighing 
until successive weighings agree within 1%. 

11.2.5.6.6. Calculate the weight percent of dry solids using: 

Weight Percent Dry Solids = ax 100 
Weight of Sample 

/-- 

11.2.5.6.7. If the dry solids result is 2 0.5% and the sample will 
be extracted for non-volatile constituents, proceed to 
Section 11.2.6 (Particle Size Reduction) using a fresh 
wet portion of waste. 

11.2.5.6.8. If the percent solids result is less than 0.5%. discard 
the solid phase. No leaching will be necessary; the 
filtrate is the TCLP leachate. Proceed to Section 
11.2.8 (Determination of FiltrateILeachate 
Compatibility) to determine whether or not the 
material is a non-aqueous, immiscible liquid. 

11.2.6. Particle-size Reduction for Fluid Selection (enter data on Worksheet 2) 

11.2.6.1. The subsample used for fluid selection must consist of particles 
less than 1 mm in diameter (versus the less than 1 cm requirement 
for the material used for the actual extraction). The method 
requires a smaller particle size to partially compensate for the 
shorter duration of contact time with the leachate solution as 
compared to the full extraction. Inappropriate use of coarser 
materials could result in the selection of the wrong fluid type. 

11.2.6.2. Surface area exclusion - size reduction is not required if the 
sample surface area is greater than or equal to 3.1 cm2 per gram. 
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11.2.6.3. If the sample contains particles greater than 1 mm in diameter, 
crush, cut, or grind the solids to the required size. 

-. 

11.2.6.4. Consult your supervisor or manager when dealing with unusual 
sample matrices (e.g., wood, cloth, metal, brick). 

11.2.7. Determination of Appropriate Extraction Fluid (Worksheet 2) 

11.2.7.1. If the solid content is greater than or equal to 0.5% and if the 
sample is being analyzed for metals or nonvolatile organic 
compounds, the type of leaching solution must be determined. 

11.2.7.2. Follow times, temperature, and particle size specified in this 
section as closely as possible. If reaction time between the acid 
solution and solid waste is too short or too long, the procedure 
may produce false pH readings. 

11.2.7.3. For SPLP, refer to Section 7.10 for fluid selection. Matrix type 
must be specified by the client. Check special instructions or see 
the project manager, then put a check mark by the fluid type 
selected. 

11.2.7.4. The TCLP leaching fluid for all volatiles is Fluid #l. 

11.2.7.5. For TCLP leach fluid determination for non-volatile analytes, 
continue with the following steps. 

11.2.7.6. Calibrate the pH meter with’fresh buffer solution in accordance 
with the pH SOP. 

11.2.7.7. Weigh out a 5.0 f 0.1 g subsample (less than 1 mm particle size) 
of the solid phase into a 250~mL beaker. If 5.0 grams not used, 
enter the actual weight on line C2. 

11.2.7.8. Add 96.5 + 1.0 mL of reagent water, cover with a watchglass, and 
stir for 5 minutes on a stirrer. If a different volume used, enter the 
actual volume. 

11.2.7.9. Measure and record the sample pH. 

Note: To avoid damaging the pH probe when organic liquid is 
present, use narrow range pH indicator paper. 
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11.2.7.10. If the pH is less than or equal to 5.0, use Fluid #l and proceed to 
Section 11.2.8 (Fluid Compatibility). 

11.2.7.11. If the fluid pH is greater than 5.0, add 3.5 mL 1 N HCl, cover 
with a watchglass. Slurry the sample briefly then heat at 50 ’ C 
for 10 minutes. 

Note: The heating cycle is a critical step. If the solid waste does 
not remain in contact with the acidic solution under 
specified time and temperature conditions, an erroneous 
pH may be measured. 

11.2.7.12. Cool to room temperature. 

11.2.7.13. Measure and record the pH immediately after the sample has 
reached room temperature. 

11.2.7.13.1. Ifthe pH is less than or equal to 5.0, use Fluid #l 

11.2.7.13.2. If the pH is greater than 5.0, use Fluid #2. 

11.2.8. Determination of Filtrate/Extraction Fluid Compatibility (skip this step 
for SPLP extractions) 

11.2.8.1. Place 5 mL of the appropriate leaching fluid (determined in the 
previous step) into a 20-25 mL vial. 

Note: Use fluid type # 1 if simply testing the filtrate for a sample 
with less than 0.5% solids. 

11.2.8.2. Add 5 mL of the initial filtrate, cap and shake. 

11.2.8.3. If the phases are miscible, the initial filtrate and solid phase 
leachate will be physically recombined upon completion of the 
leachate generation. 

11.2.8.4. If the phases am NOT miscible, document on bench sheet. The 
initial filtrate and the solid phase leachate will be prepared and 
analyzed separately and the results mathematically combined (see 
Section 12.1.4). 

11.2.9. For samples requiring analysis for semi-volatile organics, pesticides, 
herbicides or metals proceed to Section 11.3. 
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11.2.10. For samples requiring analysis for volatile organics (ZBE), proceed to 
section 11.4. 

11.3. BOTTLE EXTRACTION PROCEDURE: NON-VOLATILE 
CONSTITUENTS: SEMI-VOLATILE& PESTICIDES, HERBICIDES, 
METALS (Refer to Flow Chart #2, Appendix D) 

11.3.1. All masses should be recorded to the nearest 0.1 g. 

11.3.2. The aliquot used in the Preliminary Evaluation MAY be used for this 
procedure ONLY if it was not oven dried. If the sample is 100% solid or if 
the preliminary aliquot was not oven dried proceed directly to Section 11.3.7 
(Particle Size Reduction). If the Preliminary Evaluation aliquot was oven 
dried then, using a fresh ahquot of sample, continue as described in Sections 
11.3.3 through 11.3.6. 

11.3.3. Examine the sample and determine the type of filtration to employ per 
Section 11.2.5.2. 

11.3.4. Repeat the steps outlined in Sections 11.2.5.3 through 11.2.5.5.3. 

11.3.5. Determine and record the volume (mass) of the initial filtrate. Cover with 
aluminum foil and retain for use as defined in Section 11.3.18. 

11.3.6. Determine and record the “solid” phase mass by subtracting the mass of the 
liquid filtrate from the mass of the subsample. 

11.3.7. Evaluate the solid portion of the waste for particle size. If it contains 
particles greater than 1 cm in size, prepare the solid portion of the waste for 
leaching by crushing, cutting, or grinding such that all particles are less than 
1 cm in size (i.e., capable of passing through a 9.5 mm, 0.375 inch, standard 
sieve). Size reduction is not required if the sample surface area is greater 
than or equal to 3.1 cm? per gram. If particle size reduction was required, 
record this on Worksheet 3. line El. 

11.3.7.1. Consult your supervisor or manager when dealing with unusual 
sample matrices (e.g., wood, cloth, metal, brick). Scissors or 
shears may be used to cut cloth, plastic or sheet metal. Saws may 
be used for wood or solid metal. Bricks, rocks, or other solids 
amenable to grinding should be subcontracted out for particle 
size reduction (Contact PA or PM). Note that size reduction to - 

CA -3&J 
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tine powder is not appropriate, and could invalidate results. If 
necessary, consult client for guidance. 

11.3.8. Determine the minimum total volume of solid phase leachate that needs to 
be generated. Refer to Section 11.2.3. 

11.3.9. Divide the total volume of solid phase leachate required by 20 to determine, 
the mass of solid phase required for leaching. Round this mass UP to the 
nearest 5 g. 

11.3. i0. Weigh the required mass of solid phase into an appropriate bottle (plastic for 
metals only, glass for all others) and slowly add 20 times its mass of 
appropriate leaching fluid as determined under Section 11.2.7 (e.g., 20 g of 
sample would require 400 g of leaching fluid). Record the weight of the 
sample ahquoted for the extraction and the amount of extraction fluid added. 

11.3.11. Ensure any effervescence has stopped before capping the bottle 
tightly. Secure in a rotary agitator and rotate end-over-end at 28-32 
rpm for 16-20 hours. The temperature of the room should be 
23 f 2°C. The room temperature and time should be checked at 
both the start and end of the extraction and recorded. 

NOTE: As agitation continues, pressure may build up within the 
bottle for some types of wastes. To relieve excessive pressure, the 
bottle may be removed and opened periodically in a properly 
vented hood to relieve any built-up pressure. 

11.3.12. Remove the bottle and filter the sample using vacuum or pressure filtration 
by filtering through a new glass fiber filter as discussed in Sections 
11.2.5.5.1 - 11.2.5.5.2. For final filtration of the TCLP leachate, the glass 
fiber filter may be changed, if necessary, to facilitate filtration. Filters must 
be acid washed if metals are to be determined (see Section 6.3). The entire 
sample need not be filtered; however, sufficient volume should be generated 
to support the required analyses. Record the date and time the filtration is 
completed. 

11.3.13. If the waste contained no initial filtrate, this solution from 11.3.12 is defined 
as the TCLP leachate. 

11.3.14. If the waste did yield an initial filtrate, consult the worksheet for initial 
filtrate/leachate compatibility. If they are compatible, they are to be 
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combined in the correct proportions (see Section 12.1.4) and mixed well. 
This combined solution is defined as the TCLP leachate. 

11.3.15. If the individual phases are NOT compatible, they are to be prepared and 
analyzed separately and the results combined mathematically. See Section 
12.1.5. 

11.3.16. Measure and record the pH of the TCLP leachate. (Do not attempt to 
measure the pH of oily samples as the probe may be rendered inoperable.) 

11.3.17. Prepare subsamples for metals for MS/MSD quality control testing using the 
appropriate TCLP spiking solution (do not spike for organics). Refer to the 
appropriate determinative SOPS for further guidance on the spike 
components, levels and action criteria. 

11.3.18. Immediately preserve the leachate as follows: 

Metals pH c 2 w/50% HNOs for non-oils (do not acidify oils) 
All others Refrigerate to 4 f 2 ‘C 

Note: Refer to Section 8.6 if precipitation occurs upon preservation. 

11.3.19. Label each sample with the appropriate information and submit to the 
appropriate analytical groups for prep and analysis with copies of the TCLP 
preparation worksheets. 

11.4. ZHE EXTRACTION PROCEDURE: VOLATILE CONSTITUENTS (Refer to 
Plow Chart #3, Appendix D) 

11.4.1. Use the ZHJS device to obtain a TCLP leachate for analysis of volatile 
compounds only. Leachate resulting from the use of the WE shah NOT be 
used to evaluate the mobility of non-volatile analytes (e.g., metals, 
pesticides, etc...). 

11.4.2. Due to some shortcomings of the method, losses of volatile compounds may 
occur. Extra care should be observed during the ZHE procedure to ensure 
that such losses are minimized. Charge the ZHE with sample only once and 
do not open the device until the final extract has been collected. Do not 
allow the waste, the initial liquid phase or the extract to be exposed to the 
atmosphere any longer than necessary. 

CA-33 . 
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11.4.3. 

11.4.4. 

11.45. 

11.4.6. 

11.4.7. 

11.4.8. 

If the TCLP extraction is for volatile components only, refer to Section 
11.2.5.1 before proceeding. 

All masses should be recorded to the nearest 0.1 g. 

Assemble the ZHE apparatus. Test for leakage by closing all valves except. ,’ 
the gas inlet/outlet valve andpressurizing to 5O~psi. Allow to stand for 15 -. 
minutes and-check the pressure on the built-in-gauge to make sure it is not 
leaking. If the pressure is NOT 50 psi, consult your supervisor. 

Adjust the ZHE piston in the ZHE body to the appropriate height (slightly 
moisten the O-rings with leaching fluid if necessary). 

Consult the worksheet and examine the sample. If the sample appears to be 
different from the preliminary information found on the worksheet, consult 
your supervisor. 

If the preliminary evaluations indicated the need for particle size reduction, 
homogenize the waste, weigh out a sufficient size subsample and prepare for 
leaching by crushing, cutting, or grinding such that all particles are less than 
1 cm in size as measured with a ruler (Do NOT sieve the sample). Size 
reduction is not required if the sample surface area is greater than or equal to 
3.1 cm2 per gram. 

Note: To minimize loss of volatiles, samples for volatiles that require 
particle size reduction should be kept in sample storage (at 4 “C) 
until immediately before size reduction. Aggressive reduction which 
would generate heat should’be avoided and exposure of the waste to 
the atmosphere should be avoided to the extent possible, Size 
reduction to a tine powder is not appropriate. Also see Section 
11.3.11. 

11.4.8.1. Consult your supervisor or manager when dealing with unusual 
sample matrices (e.g., wood, cloth, metal, brick). Scissors or shears 
may be used to cut cloth, plastic or sheet metal. Saws may be used 
for wood or solid metal. Bricks. rocks, or other solids amenable to 
grinding should be subcontracted out for particle size reduction 
(Contact PA or PM). 

11.4.9. Place the ZHE apparatus on the balance and tare the balance. 

11.4.10. 
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11.4.11. Determine the appropriate size subsample to weigh using the percent solids 
information from Section 11.25 and record the weight. 

11.4.11.1. For wastes that are 100% solids, a 25 g sample is used. 

11.4.11.2. For wastes containing < 0.5% solids the liquid portion of the 
waste, after filtration, is defined as the TCLP leachate. Filter 
enough of the sample to support all of the volatile analyses 
required. 

11.4.11.3. For wastes containing 2 0.5% and c 5.0% solids, a 500 g 
subsample of waste is recommended. 

11.4.11.4. If the sample has > 5.0% solids, the appropriate sample size 
should be determined using the equation in Section 12.1.2. 

Note: For wastes containing greater than 0.5% wet or dry solids 
(Section 11.2.5), the “solids” value from the ZHE filtration 
process may be used to determine the volume of fluid to 
load into the ZHE. This approach is recommended since 
the solids value from Section 11.2.5 may differ from the -. 
filtration solids due to sample variability or differences in 
‘the filtration apparatus. 

11.4.12. Homogenize and transfer an appropriate size subsample of the waste into the 
ZHE and record the mass. 

11.4.13: Carefully place the glass fiber filter between the support screens and secure 
to the ZHE. Tighten all the fittings. 

11.4.14. Place the ZHE in a vertical position; open both the gas AND liquid 
inlet/outlet valves. Attach a gas line to the gas inlet/outlet valve. 

11.4.15. If the waste is 100% solid, slowly increase the pressure to a maximum of 50 
psi to force out as much headspace as possible and proceed to Section 
11.4.18. 

11.4.16. If the waste is < 100% solids, carefully apply gentle pressure of 10 psi (or 
more, if necessary) to force all headspace slowly out of the WE. At the’ 
FIRST appearance of liquid from the liquid inlet/outlet valve, quickly close 
the valve and discontinue gas pressure. 
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11.4.17. Assemble a syringe and place the plunger in all the way. Adjust the tension 
on the plunger to provide slight drag. Attach the pre-weighed syringe or 
Tedlar bag to the liquid inlet/outlet valve and open the valve. Record the 
tare weight of the collection device. 

11.4.18. Carefully apply gas pressure of no more than 10 psi to force out the liquid 
phase. Allow the sample to filter until no SIGNIFICANT additional filtrate 
has passed in a 2 minute period. 

Note: If the capacity of the syringe is reached, close the liquid inlet/outlet 
valve, discontinue gas pressure, remove the syringe and return to 
Section 11.4.15. 

11.4.19. Repeat previous step increasing the pressure in 10 PSI increments until 50 
psi is reached and no significant liquid has passed in a 2 minute period. 
Remove the collection device and record the total weight of the collection 
device with filtrate on Worksheet 4, Line 3a. Close the valve and 
discontinue gas pressure. Transfer the filtrate to VOA vials and label 
appropriately. Calculate the weight of filtrate collected. 

Notes: If the original waste contained less than 0.5% solids (Section 
11.2.5), this filtrate is defined as the TCLP leachate and you may 
proceed to Section 11.4.28. Otherwise, save the vials by storing at 
4 C under minimal headspace conditions, for recombination as in 
Section 11.4.27. 

The material remaining in the ZHB is defined to be the “solid” 
phase. Calculate the weight of the solid phase using Equation 4. 

11.4.20. Based on the information from Sections 11.2.5 and 11.4.11 and using the 
formula in 12.1.3, determine the weight of fluid to load into the ZHE on the 
“solid” phase. The ZHE device has approximately a 500-mL capacity. 
Based on the need to add an amount of extraction fluid equal to 20 times the 
mass of the “solid” phase, the ZHB can therefore accommodate a maximum 
of 25 grams of “solid”. 

Note: The TCLP ZHE prep uses only TCLP fluid #l; the SPLP ZHB prep 
uses only SPLP fluid #1(#3 at Santa Ana). 

11.4.2 1. ‘Load the fluid transfer reservoir with an excess of Fluid #l and preflush the 
transfer line to eliminate air pockets. Be sure the required volume remains. 
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11.4.22. Attach the transfer line to the liquid inlet/outlet valve and open the valve. 
Carefully pump the required volume into the ZHE and close the valve. 
Disconnect the transfer line. 

11.4.23. Check the ZHE to make sure all the valves are closed and manually rotate 
the ZHE (end-over-end) 2 or 3 times. Reposition the ZHE in the vertical 
position. 

11.4.24. Pressurize the ZHE to 5-10 psi. Allow to stand for 10 minutes, and then 
recheck the pressure. If the ZHE appears to be leaking, follow the corrective 
action protocols recommended by the manufacturer and repeat the analysis. 

11.4.25. Slowly open the liquid inlet/outlet valve to bleed out any headspace that 
may have been introduced during the introduction of the Fluid. Upon the 
first sign of liquid from the valve, close the valve. 

11.4.26. Repressurize the ZHE to 5-10 psi and place in the rotary agitator. Rotate at 
28-32 rpm for 16-20 hours. Room temperature should be 23 + 2 “C. The 
room temperature and time should be checked at both the start and end of 
the extraction and recorded. 

11.4.27. Confirm that the pressure of 5-10 psi was maintained throughout the 
leaching. If it was NOT maintained, return to Section 11.4.1 and repeat the 
leachate with a new aliquot of sample. 

11.4.28. Attach a syringe or Tedlar bag and open the liquid inlet/outlet valve to 
collect the aqueous leachate and proceed as outlined in 11.4.19 - 11.4.20. 
Record the volume/mass of the leachate and any oil. Record the date and 
time the filtration is completed. 

Notes: If the waste contained an initial liquid phase, the liquid may be 
filtered directly into the same collection device holding the initial 
liquid phase of the waste. 

A separate filtrate collection container must be used if combination 
would create multiple phases or there is not enough volume left 
within the filtrate collection container. 

11.4.29. If the waste contained an initial filtrate (Section 11.4.18) that is miscible 
with the solid phase leachate (as determined in Section 11.2.8). the solid 
phase leachate and the initial filtrate are directly recombined in the correct 
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proportions (see Section 12.1.4). If the individual phases are NOT 
compatible, they are to be collected, prepped and analyzed separately. 

Note: Chill the filtrate and receiving vessels before recombining. 

11.4.30. Following collection, store the TCLP leachate in 3 20-mL VOA vials with 
minimal headspace at 4 f 2 “C and prepare for analysis as soon as possib)e 
using the appropriate organic extraction procedure (see Section 16.3). 

11.4.3 1. If the individual phases are analyzed separately, combine the results 
mathematically by using the recombination calculation in Section 12.1.5. 

-- 
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12. DATA ANALYSIS AND CALCULATIONS 

12.1. Calculations 

12.1.1. Calculation of Percent Wet Sohds: 

Percent Wet Solids = 1 
Mass,” solid” phase 

Mass,initial subsample 

12.1.2. Calculation of weight of waste to charge to ZHE: 

Weight of waste to charge zo ZHE = 1 
w(%wef~olids 1 

12.1.3. Calculation of weight of extraction fluid to use: 

Weight of Extraction jluid = 
20x % wet solidsx weight of waste to be extracted 

100 -.. 

12.1.4. Calculation of volume of initial filtrate phase to recombine with solid phase 
leachate: 

12.1 S. Mathematical recombination of analytical results: 

Final Analyte Concentration = PI xcJ+(v* xc*) 

Y +v* 

Vr = total volume of the initial filtrate phase (L). 
Ct = analyte concentration in initial filtrate phase (mg/L). 
Vs = volume of the theoretical solid phase leachate (L). 
CZ = analyte concentration in solid phase leachate (mg/L)., 
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12.2. REPORTING REQUIREMENTS 

12.2.1. Follow these reporting conventions for multi-phase samples: 

12.2.1.1. If both phases have positive results, use the values from each 
phase to calculate the recombined result. Use the reporting limjt ~, 
for each phase to calculate the recombined reporting limii. 

12.2.1.2. If both phases are “ND,” not detected, the recombined result is 
“ND,” and the reporting limit is calculated from the reporting 
limit for each phase. 

12.2.1.3. If one phase is “ND” and the other phase has a positive result, use 
the reporting limit for the “ND” phase and the positive value for 
the other phase to calculate the combined result. The combined 
reporting limit is based on the reporting limit for both phases. If 
the combined result is less than the combined reporting limit, then 
supply a footnote to indicate that “a positive result was detected 
below the calculated detection limit.” 

12.2.2. Units - regardless of the nature of the sample, all TCLP and SPLP results 
are reported in units of mg/L. 

12.2.3. For limits and significant figures, consult the appropriate analytical methods 
(Section 16.3). 

12.2.4. Anomalies - all anomalies observed during the leach procedure must be 
noted on the worksheet or an anomaly form. Some examples of such 
anomalies are: 

12.2.4.1. Sample was monolithic - subsample was obtained by crushing, 
cutting, grinding, sawing, etc. 

12.2.4.2. Insufficient sample - less than the required 100 g minimum was 
available. 

12.2.4.3. Multiple phases - “X” phases were present. 

12.2.4.4. Sample was oil - single phase. 

12.2.4.5. Sample contained liquid which did not filter under test conditions. 
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12.3.1. Review all applicable holding times. If a holding time was exceeded, 
confnm that a holding time violation form was properly documented and 
routed. 

12.3.2. If Total analysis results are available, those results may be compared with 
the TCLP analysis results according to the following: 

Total 2 20 x TCLP 

NOTE: Assumes the sample is 100% Solids. 

12.3.3. Total constituent analysis results can be used to demonstrate the TCLP 
protocol is unnecessary. In performing a TCLP analysis, there is a 20: 1 
dilution of the original sample with the leaching solution. Thus, if the “‘total 
constituent” result is less than 20 times the TC level, it is impossible for the 
leachate to “fail” and.the TCLP does not need to be performed. For 
example, the TC level for lead is 5.0 mg/L (ppm). Therefore, if a sample of 
lead-contaminated soil contains less than 100 ppm total lead, a TCLP test 
need not be run for lead. 

13. METHOD PERFORMANCE 

13.1. Refer to individual analysis SOPS. 

13.2. Training Qualification: 

The group/team leader has the responsibility to ensure that this procedure is 
performed by an associate who has been properly trained in its use and has the 
required experience. 

14. POLLUTION PREVENTION 

14.1. This method does not contain any specific modifications that serve to minimize or 
prevent pollution. 

15. WASTE MANAGEMENT 

15.1. Waste generated in this procedure must be segregated and disposed according to the 
facility’s hazardous wastes procedures. The Environmental Health and Safety 
Director should be contacted if additional information is required. 

CY-331 
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16. REFERENCES 

16.1. Method 1311, Toxicity Characteristic Leaching Procedure, Revision 0, July 1992, 
SW-846 Final Update I. 

16.2. Method 1312, Synthetic Precipitation Leaching Procedure, Revision 0, November 
1992, SW-846 Proposed Update II. 

16.3. Related Documents 

16.3.1: Toxicity Characteristic: Corrections to Final Rule. Method 1311, Federal 
Register, Vol. 55, No. 126, Friday, June 29, 1990. 

16.3.2. Toxicity Characteristic: Final Rule. Method 1311, Federal Register, Vol. 
55, No. 61, Thursday, March 29.1990. 

16.3.3. Technical Background Document and Response To Comments, Method 
1311, Toxicity Characteristic Leaching Procedure, USEPA/OSW, April, 
1989. 

16.3.4. QA-003, Quanterra QC Program 

16.3.5. CORP-Ip-0003: Acid Digestion of Aqueous Samples by SW846 and 
MCAWW 200 Series Methods. 

16.3.6. CORP-MT-0001: Inductively Coupled Plasma-Atomic Emission 
Spectroscopy, Spectrometric Method for Trace Element Analysis, Method 
6010A and Method 200.7.~ 

16.3.7. CORP-MT-0003: Graphite Furnace Atomic Absorption Spectroscopy, 
SW846 Method 7000A and MCAWW 200 Series Methods. 

16.3.8. CORP-MT-0005: Preparation and Analysis of Mercury in Aqueous Samples 
by Cold Vapor Atomic Absorption, SW-846 7470A and MCAWW 245.1. 

16.3.9. CORP-IP-0003: Acid Digestion of Aqueous Samples by SW846 and 
MCAWW 200 Series Methods. 

16.3.10. CORP-MS-0002: Determination of Volatile Organics by GC/MS based on 
Methods 8240B and 8260A. 

16.3.11. CORP-MS-0001 : GC/MS Analysis Based on Method 827OB. SW846. 
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16.3.12. CORP-GC-0001: Gas Chromatographic Analysis Based on Methods 
8OOOA, 8OlOB. 8020A. 808OA and 815OB. SW846. 

16.3.13. CORP-OP-0001: Extraction and Cleanup of Organic Compounds from 
Waters and Soils, Based on SW846 3500 Series, 3600 Series, 8150 and 600 
Series Methods. 

17. MISCELLANEOUS 

17.1. Modifications/Interpretations from Reference Methods 

17.1.1. Section 8: Preliminary Evaluations. Section 7.1 of the source method states 
that the sample aliquot used for the preliminary evaluation “...may not 
actually undergo TCLP extraction.” Section 7.15 of the source method 
indicates that the portion used for the preliminary evaluation may be used 
for either the ZHE or non-volatile extraction if the sample was 100% solid. 
Section 7.1.5 further indicates that if the sample was subjected to filtration 
(i.e., < 100% solid) that this ahquot may be used for the non-volatile 
extraction procedure only as long as sufficient sample is available 
(minimum 100 g). Samples which have been subjected to the oven drying -. 
step may not be used for TCLP extraction because solid phase degradation 
may result upon heating. 

17.1.2. Section 11.2.5.6.3: Percent Solids Determination. Section 7.1.2 of the 
source method indicates that “if the percent wet solids is 2 0.5% and it is ,. 
noticed that a small amount of the filtrate is entrained in wetting of the 
filter” that the filter should be oven dried to determine percent dry solids “. 
Drying of oil or organic matrices can both be hazardous and inappropriate. 
Additionally, it may be impossible to achieve a constant weight when 
performing this step. Due to safety concerns, if obviously oily or heavy 
organic matrices are entrained on the filter, the filter is not oven dried. 

17.1.3. Section 11.2.8: Preliminary Determination of Filtrate/Extraction Fluid 
Compatibility. Section 7.2.13 of the source method provides no guidance as 
to how to make this determination. As a result, the procedure herein was 
developed and incorporated into the Preliminary Determinations section. 

17.1.4. Section 9.2: TCLP Extraction Blanks. Section 8.1 of the source method 
states that a minimum of one blank for every 20 extractions “...that have 
been conducted in an extraction vessel.” Quanterra has interpreted this to 
mean one blank per twenty samples leached per TYPE of leaching vessel 
(i.e., Bottle or ZHE) per leach fluid used. 

- 
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17.1.5. Section 11.2.7.9: Determination of Appropriate Extraction Fluid. Method 
1311 does not address the appropriate approach to take if the pH equals 5.0. 
This SOP requires that Fluid #l must be used if the pH is less than or equal 
to 5.0. 

17.1.6. Section 9.4: QA/QC - Matrix Spikes. Section 8.2 of the source method 
states “A matrix spike shall be performed for each waste type...” and “A ‘. 
minimum of one matrix spike must be analyzed for each analytical batch.” 
Further, Section 8.2.3 of the source method also states “The purpose of the 
matrix spike is to monitor the performance of the analytical methods used, 
and to determine whether matrix interferences exist.” The standard 
Quantetra QAPP is designed to address the performance monitoring of 
analytical methodology through the LCS program. A minimum of one MS 
and MSD will be prepared for each TCLP leachate batch. The MS/MSD 
results are used to determine the effect of a matrix on the precision and 
accuracy of the analytical process. Due to the potential variability of the 
matrix of each sample, the MSIMSD results have immediate bearing only on 
the specific sample spiked and not all samples in the batch. 

17.1.7. Section 8.2.2 of the source method states that “In most cases, matrix spikes 
should be added at a concentration equivalent to the corresponding 
regulatory level.” The method also states “If the analyte concentration is 
less than one half the regulatory level, the spike concentration may be as low 
as one half of the analyte concentration but may not be less than five times 
the method detection limit”. For several analytes, spiking at the regulatory 
level is inappropriate to the range of analysis afforded by the determinative 
methods. Due to the wide range in these levels, Quanterra spikes at the 
levels specified in the determinative SOPS. 

17.2. Modifications from Previous SOP 

None 

17.3. Documentation and Record Management 

The following documentation comprises a complete TCLP preparation raw data 
package: 

cu-3754 
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l Completed worksheets (Appendix C) 
l Non-conformance summary (if applicable). 
. Anomaly documentation (if applicable). 
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Fimre 1 & 2 - Rotarv Aeitation Amaratm and Zero Headsoace Extraction Vessel (ZHE) 

Figure 1. Rotary Agitation Apparatus 
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Figure 3 - US Environmental Protection Agency Memorandum #35. PaPe 1 

WrnD ITAlE MVWONHINTM l ROTIenGN AGENt* 
WAStINGTON. OS 204IO 

MTR: Junm 12, 1992 

SURJRCT: ZIotu on RaA nahads aad GA Aa.ivitie* 

ROlD: Gail mls&, Chief &&?dJ 
mthods smztion (OS-331) 
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Firmre 3 - US Environmental Protection Aeencv Memorandum #35. Paee 10 

on. of tb 8O.t f?aqWntly askad qUutiOlu on thm IUQ 
sorvioa sono- tha l PplLca+fon of fha TCU, M&hod 1311, to 
oily wastms. Wny ull~rs requut twhniul quidwsd on the' 
l ctrntion of oily wastms dua to ttm diffLc%Ilty in ISi* filtration. 
on thus types Of Wan@. In many cww, an oily wwt= dorr not 
f;;t:; sompletaly due to pramaturm clogqinq of tha qla8s fibu 

. This un result in tka ratantfon of standing liquid on 
trio q1ws ribu filter. Watmrirl that do not p..‘ ttirouqh th 
glass fiber filtu l thm conclusion of tlm filtration nap ir 
ddind by tha mmthod .s the solid phase of the vasta. The solid 
phr. is tRur mbjwtad ta th. luchinq procadurm of +b. TUP. 
For oily wastes, cloqqinq of the qlms ftbu filter un result in 
an ovarastimation of the worut of solid mataria l vailablm for. 
luChiI¶p. 

To solve this problm, tho.Aq~ncy ruommnds a wnwmmtfvo 
;‘zgpr$, on. that probably will ovarasthta tba +mount of 

. Xathu than parforminq the TCLP l tractron on the 
unfiltarad por+ion of th oily wutm, assum. tlm wuta is lOOI 
liquid (a.q., will pus throuqh the plan& rfbu illtar) and 
perform a totals analysis on Ma oily "as+. to drtarmina if tha 

?iltarablm wuta oil gumrated durinq the TCU muat bm 
l nalytad fcr l vuiaty of orqanic and inorqanic analytas. Tha 
OSU racoqnfzw tha difficulty in l hlwinq l ccaptabla perfornrans~ 
for ttm analysis of wasta oil winq mathods currmntly provided fn 
SW-946. As a result, the Agency will provide l wual ww methods 
for tlaa prrpuation and analysis of oil samples to thr Orqanic 

'II&hods WorkgroUQ in July. In addition, a miorovwa l saistad 
diqastion procedure should improw the analysis of wtals end 
will ha proposed as pati of tha Second Update of the Third 
Edition of W-846. Srid dmcriptions of these twhniqxms l e 
providad bmlow, for additional infoxaation on thm organic 
procmduras contact But-y Laanik .t (102) 260-74S9. For 
additional information on microwava digmstion contwt Ollia 
Fordham (202) 260~477a. 

T% usa of purqa-and-trap (Hehod SOJO) for volatflar in oil 
generally ruults in l wr* contwLnatLon of analytical 
instruwnution. haps, tranrfar lines and chromatography 
columxs may bacome eontamfnatad with oil. This laads to l lavated 
baselines, hydrocarbon background in subsequent analyses, and 
cross-contamination. Iludspaca (Wcthod 3810) is currmtly 
allow-d only as a scrmnfnq procadura in w-846. Ihm Aqwlcy is 

,evtiluatfnq the um. of haadspaca in conjunctfon wits iaotopr 
di3utian mass spactromatry for the quuantitativo analysis of 
volatiles in oil. Xwdspua rmducas intufumca problems 
l nsountarad with purge-and-tap. HOYWU, htadrpase quantitation 
can be quastionabla beausa thm distribution of l nalytas is not 
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TCLP/SPLP Worksheet 1 - Samde tkscrbtion 
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TCLPlSPLP Worksheet 2 - Selection of Extraction Fluid 

1. JifpHfromDC(4)orgC(7)is 

~5.0, use extraction fluid No. 1. 

2. J if pH from 5 C (7) IS >5.0, use 

extraction fluid No. 2 

3. J if filtrate and fluid are miscible 

Analyst: Date: 
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TCLPBPLP Worksheet 3 - Extraction for Metals. Semi-Volatile Orzanic Comwnents and 
PesticideslHerbicides 

Analyst: Date: 
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TCLPBPLP Worksheet 4 - Zero Headmace Extraction (ZJ3E) 

Analyst: Date: 

TCLPBPLP Worksheet 5 - Organic Results 
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TCLP/SPLP ZHE Worksheet No. 5 
Organic Results 

Sample Number: 

Analyst: Date: 
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TCLPlSPLP Worksheet 6 - Metals Results 

Metals Results 

Sample Number : 

Notes: If sample contains no solids. volume of oil phase (Vd is the volume of the initial oiganic filtrate 

In cases where analytes arc detected in only one phase, a footnote indicating a result rep&ted below the reporting limit 
should be included. 

Comments: 

Analyst: Date: 
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Flow Chart 1. preliminary Sample Evaluation 
(section 11.2) 

Does 100 g of waste 

Waste is 100% solids. 
No T 

I 
YSS 

1 Crush. cut. or mind 1 

mix, cover, heat to 
XPC for 10 min. Coal. No- 
Measure pH. Is pHc 

Weigh 5.0 g solids into 500 mL 
beaker or erlenmeyer flask. 
Add 96.5 mL reagent water. 

Cover and stir vigorously for 5’ 
min. Measure and record pH. 

Is pH 5 5.0? 

Y Use Extraction Fluid 
#2. pH = 2.00 I 

a>or=3.1 

% --.A 

‘Note: 1 mm size is used only for determination 
of leachate solution. 3.1 sq. cm or 1 cm diameter 
is used to detemine need for size reduction. 
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Flow Chart 2. Bottle Extraction, Non-Volatile Constituents 
(section 11.3) 

I 
I ’ 

I , 
I 

Uquid 
Phase 
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Flow Chart 3. ZHE Extraction, Volatile Con.stituents 
(section 11.4) 
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FlowChart3. ZHEExtraction 
(Continued) 

I Store initial filtrate at 
4% under minimal 

headspace. 

Connect preweighed filtrate 
extract coHection container 
to liquid inlet/outlet valve. 

Apply up to 50 psi in 10 ps 
increments. Collect the 

extraction filtrate. 

I Is filtrate miscible with I 

Analyze liquids separately 
and combine results 

mathematically according 
to volume ratio of original 

phases. I---- Combine initial liquid with 
filtrate. This becomes the 

TCLP extract. 

f \ 

, Store at 4% under minimal 
headspace prior to analysis. ’ 

\ J 
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r. SCOPE AND APPLICATION 

1.1. This SOP is applicable to the determination of total solids, total suspended,solids, 
total dissolved solids, volatile solids, volatile dissolved solids, and volatile 
suspended solids using gravimetric techniques. This SOP is based on the residue 
methods contained in Methods for Chemical Analysis of Waters and Wastes 
(MCAWW) and Standard Methods for the Examination of Water and Wastewater 
(SW. 

1.2. This SOP is applicable to drinking, surface, and saline waters and domestic and 
industrial wastes. 

1.3. The Total Solids protocol is based on MCAWW Method 160.3 and Standard 
Method 2540B. 

1.4. The Total Dissolved Solids protocol is based on MCAWW Method 160.1 and 
Standard Method 2540C. 

1.5. The Total Suspended Solids protocol is based on MCAWW Method 160.2 and 
Standard Method 2540D. 

1.6. The Volatile Solids protocol is based on MCAWW Method 160.4 and Standards 
Method 2540E. 

1.7. 

1.8. 

1.9. 

The Volatile Dissolved Solids protocol is based on MCAWW Method 160.4 and 
Standards Method 254OE. 

The Volatile Suspended Solids protocol is based on MCAWW Method 160.4 and. 
Standards Method 2540E. 

2. SUMMARY OF METHOD 

The methods cover a practical range of 10 mg/L to 20,000 mg/L (TSS: 4 mg/L - 
20,000 mgk). As a practical matter, the final residue weight should be limited to 
about 200 mg. 

2.1. Total Solids (TS): A well-mixed ahquot of the sample is quantitatively 
transferred to a preweighed evaporating dish and evaporated to dryness at 103-105 
“C. The increase in weight over that of the empty dish represents the total solids. 
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2.2. Total Dissolved Solids (IDS): A well-mixed sample is filtered through a glass 

2.3. 

2.4. 

2.5. 

2.6. 

fiber filter. The filtrate is quantitatively transferred into a preweighed evaporating 
dish and is evaporated to dryness and then dried to constant weight at 180 “C. 
The increase in weight over that of the empty dish represents the total dissolved 
solids. The filter from this procedure may also be used for TSSNSS 
determination. 

Total Suspended Solids (TSS): A well-mixed sample is filtered through a pre- 
weighed glass fiber filter. The residue on the filter is dried to constant weight at 
103-105 “C. The increase in weight over that of the pre-weighed filter represents 
the TSS content. The filtrate from this procedure may be used for TDS 
determination. The filter from this procedure may also be used for VSS analysis. 

Volatile Solids (VS): The residue obtained from the determination of total solids 
is ignited at 550 “C in a muffle furnace. The loss of weight on ignition is reported 
as mg/L volatile solids. 

Volatile Dissolved Solids (VDS): The residue obtained from the determination of 
total dissolved solids is ignited at 550 “C in a muffle furnace. The loss of weight 
on ignition is reported as mg/L volatile dissolved solids. 

Volatile Suspended Solids (VSS): A well-mixedsample is filtered through a 
glass fiber filter to separate the suspended material. The filter is dried and 
weighed, then ignited at 550 “C and reweighed. Volatile suspended solids is 
determined from the weight loss after ignition. The filter from the analysis of TSS 
may be used for the determination of VSS. 

3. DEFINITIONS 

3.1. Total Solids (TS): The term applied to the residue left in the vessel after 
evaporation of a sample and its subsequent drying in an oven at 180 “C. Total 
solids includes “total suspended solids,” the portion of solids retained by a filter, 
and “total dissolved solids,” the portion that passes through the filter. 

3.2. Total Dissolved Solids (TDS): Those solids capable of passing through a glass 
fiber filter and dried to constant weight at 180, “C. TDS is also referred to as 
filterable residue. 

3.3. Total Suspended Solids (TSS): Those solids which are retained by a glass fiber 
filter and dried to constant weight at 103-105 “C. TSS is also referred to as non- 
filterable residue. 

CY-3w . 
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3.4. Volatile Solids (VS): The portion of total solids whjch is lost on ignition at 550 
“C. 

4. 

3.5. Volatile Dissolved Solids (VDS): The portion of total dissolved solids which is 
lost on ignition at 550 “C. 

3.6.’ Volatile Suspended Solids (VSS): The portion of suspended solids which is lost 
on ignition at 550 “C. 

3.7. Aliquot: A representative portion of a sample. 

3.8. Reagent Water: Deionized water which is free of the analyte(s) of interest. 

INTERFERENCES 

4.1. 

4.2. 

4.3. 

4.4. 

4.5. 

4.6. 

4.7. 

Method interferences may be caused by contaminants, reagents, glassware, and 
other sample processing hardware. All these materials must be routinely 
demonstrated to be free from interferences under the conditions of analysis by 
running method blanks. 

Non-homogeneous samples may give erroneous results. Samples should be 
mixed as thoroughly as possible before removing an aliquot for analysis. 

Non-representative particulates such as leaves, sticks, fish, and lumps @fecal 
matter should be excluded from the sample if it is determined that their inclusion 
is not desired in the final result. The presence/removal of these artifacts should be 
noted on the benchsheet. 

Samples containing large amounts of solids may filter slowly. Prolonged 
filtration times resulting from filter clogging may produce high TSS results due to 
increased colloidal materials captured on the clogged filter. 

Oil and grease in the samples will cause unreliable results due to difficulty in 
drying to cohstant weight. Floating oil and grease, if present, should be included 
in the sample and dispersed by a blender device before aliquoting. 

Filtration apparatus, filter material, pre-washing, post-washing, and drying 
temperatures are specified because these variables have been shown to affect the 
results. 

‘The temperature at which the residue is dried has an important bearing on the 
results because weight losses due to volatilization of organic matter, mechanically 
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occluded water. water of ctvstallization, and gases from heat-induced chemical 
decomposition,‘as well as weight gains due tooxidation, depend on temperature 
and time of heating. 

4.8. 

4.9. 

4.10. 

4.11. 

4.12. 

4.13. 

4.i4. 

4.15. 

Each sample requires close attention to desiccation after drying. Minimize 
opening the desiccator because moist air enters. Some samples may be. stronger 
desiccants than those used in the desiccator and may take on water. 

Highly mineralized waters containing significant concentrations of calcium, 
magnesium, chloride, and/or sulfate may be hygroscopic and will require 
prolonged drying, desiccation and rapid weighing. 

Samples containing high concentrations of bicarbonate may require careful and 
possibly prolonged drying to ensure that all the bicarbonate is converted to 
carbonate. 

Too much residue in the drying vessel will crust over, entrapping water that will 
not be driven off during drying. Total residue should be limited to about 200 mg. 

Some samples may have fine suspended solids which will pass through the glass 
fiber filter causing high TDS results. 

.- 

Aluminum pans should not be used for TS or TDS analyses. Components in some 
samples may react to form aluminum compounds, causing unreliable results. 

For samples high in dissolved solids, thoroughly wash the filter to ensure removal 
of dissolved material prior to TSS determination. 

The volatile solids tests aresubject to many errors due to the loss of water of 
crystallization, loss of volatile organic matter prior to combustion, incomplete 
oxidation of certain complex organics and decomposition of mineral salts during 

combustion. The results should not be considered an accurate measure of organic 
carbon in the sample. 

5. SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of 
all Quanterra associates. 

5.2. Eye protection that satisfies ANSI 287.1 (as per the Chemical Hygiene Plan), 
laboratory coat, and chemically resistant gloves must be worn while samples, 
standards, solvents, and reagents are being handled. Disposable gloves that have 



Determination of !Mids in Waters and Wastes SOP No. CORP-WC-0002SAC 
Revision No. 2.0 
Revision Date: 3/31/97 
Page 7 of 32 

5.3. 

5.4. 

5.5. 

5.6. 

5.7. 

6. EQUIPMENT AND SUPPLIES 

6.1. Analytical balance capable of weighing to 0.0001 g. 

6.2. Vacuum filtration apparatus. 

6.3. Vacuum pump equipped with moisture trap. 

6.4. Glass fiber filter disks, 47 mm, without organic binder (Gelman Type A/E) or 
equivalent. 

5.8. 

been contaminated will be removed and discarded; other gloves will be cleaned 
immediately. 

The health and safety hazards of many of the chemicals used in this procedure 
have not been fully defined. Additional health and safety information can be 
obtained from the Material Safety Data Sheets (MSDS) maintained in the 
laboratory. _ 

Exposure to chemicals must be maintained as low as reasonably achievable; 
therefore, unless they are known to be non-hazardous, all samples should be 
opened, transferred, and prepared in a fmne hood, or under other means of 
mechanical ventilation. Solvent and waste containers will be kept closed unless 
transfers are being made. 

The preparation of standards and reagents should be conducted in a fume hood 
with the sash closed as far as the operation will permit. 

All work must be stopped in the event of a known or potential compromise to the 
health and safety of a Quanterra associate. The situation must be reported 
immediately to a laboratory supervisor. 

If possible, place the oven or muffle furnace under a canopy hood.or vent in to a 
fume hood. Do not stand directly in front of an oven or muffle furnace as the door 
is being opened. Stand behind the door to avoid breathing fumes that may be 
present. 

Caution should be used when handling apparatus treated in the oven. Items will 
be hot. Heat resistant gloves and tongs must be used when placing material into 
or removing material from the muffle furnace. At a minimum, tongs must be used 
when placing material into or removing material from the oven. 

.- 
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Note: Commercially available pre-weighed filters may be used for TSS and VSS 
analyses. 

6.5. 

6.6. 

6.7. 

Evaporating dishes, 100 mL,, made of either porcelain, Vycor or platinum. These 
must be thoroughly cleaned, rinsed with deionized water, and baked at 180 + 2 “C 
for at least one hour before use. Store in a desiccator. 

Note: Glass beakers may also be used for TS or TDS determinations. Glass 
beakers may not be used for procedures requiring use of a muffle furnace. 

Desiccators providing sufficient space for storage of samples in process separate 
from filters and evaporating dishes. 

Desiccant containing a color indicator of moisture concentration or an 
instrumental indicator. 

6.8. 

6.9. 

6.10. 

6.11. 

6.12. 

6.13. 

6.14. 

6.15. 

6.16. 

Drying ovens set at 103-105 “C and 180 f 2 “C. Separate ovens should be 
maintained at appropriate temperatures if possible. 

Muffle furnace (550 “C rt 50 “C). 

Thermometers, NIST traceable. 

Conductivity meter and associated apparatus. 

Graduated cylinders, “to contain,” assorted sizes.. 

Volumetric flasks, Class A, assorted sizes. 

Glass weighing dishes large enough to hold a 47 mm filter. 

Forceps for’handling filters. 

Crucible tongs. 

6.17. Z.etex gloves or other gloves capable of providing protection at 550 “C. 

7. REAGENTS AND STANDARDS 

7.1. Reagent water must be produced by a Millipom DI system or equivalent (see also 
Section 10.3). 

c4-401 
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7.2. LCS solution (ERA Mineral Standard for TSS and 500 m@L NaCl for TDS and 
TS): Place 500 mg sodium chloride into a 1000 mL volumetric flask and dilute to 
volume with deionized water. Mix well. Prepare fresh every three months. 

7.3. Spike solutions for Matrix Spikes for TDS analysis is 500 ppm TDS (5 g NaCl to 
diluted to a final volume of 1000 mL). 

Note: Commercially available reference materials may also be used. 

8. SAMPLE COLLECTION, PRESERVATION, AND STORAGE 

8.1. Samples should be collected in either plastic or glass bottles. 

8.2. Samples must be stored at 4 “C f 2 “C to minimize microbiological 
decomposition of solids. Bring samples to room temperature before analysis. 

8.3. To achieve the reporting limits listed in Section 13, the recommended minimum 
volumes are as follows: 

Parameter 

TS 

Volume (mL) 

100 

I TDS I 100 I 

8.4. Holding times for solids determinations are as follows: 

Parameter Holding Time (days) Parameter Holding Time (days) 

TS 7 vs 7 

I TDS 1~ 7 I VDS I 7 I 
I TSS 7 vss 7 I 

9. QUALITY CONTROL 
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The Quanterra QC Program document (QA-003) provides further details of the QC and 
corrective action guidelines presented in this SOP. Refer to this document if additional 
guidance is required. 

Table I (Section 17.7) provides a summary of quality control requirements including type, 
frequency, acceptance criteria, and corrective action. 

9.1. Initial Demonstration of Capability 

Prior to analysis of any samples using this SOP, the following requirements must 
be met: 

9.1.1. Method Detection Limit (MDL): An MDL must be determined prior to 
analysis of any samples. The MDL is determined using seven replicates of 
reagent water, spiked with a reference material that has been carried 
through the entire analytical procedure. MDLs must be redetermined on 
an annual basis in accordance with 40 CFR Part 136 Appendix B 
requirements as detailed in Quanterra QA Policy QA-005. The result of 
the MDL determination must be below the Quanterra standard reporting 
limit. 

9.1.2. Initial Demonstration Study: This requires the analysis of four QC check 
samples. The QC check sample is a well-characterized, laboratory- 
generated sample used to monitor method’performance, which should 
contain the analyte(s) of interest. The results of the initial demonstration 
study must be acceptable before analysis of samples under this SOP may 
begin. 

-. 

9.1.2.1. Four aliquots of the check sample (LCS) are prepared and 
analyzed using the procedures detailed in this SOP. 

9.1.2.2. Calculations and acceptance criteria for the LCS are given in 
Section 9.4. 

9.2. Batch Definition: Batch definitions are provided in the Quanterra Quality Control 
Program (QA-003). 

9.3. Method Blank (MB): One method blank must be processed with each batch of 20 
or less samples. The method blank consists of reagent water that is carried 
through the entire analytical procedure, including filtration as applicable. The 
method blank is.used to identity any system and process interferences or 
contamination of the analytical system that may lead to the reporting of elevated 
analyte concentrations or false positive data. 
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9.3.1. A reagent water blank is prepared and analyzed with each batch of 
samples. The volume of reagent water used should be the same as the 
minimum sample volume used for the test (Section 8.3). 

9.3.2. Corrective Action for Blanks 

9.3.2.1. If the analyte level in the method blank is 2 the RL for the 
analyte of interest in the sample, all associated samples with 
reportable levels of analyte are reprepared and reanalyzed. If this 
is not possible due to limited sample quantity or other 
considerations, the corresponding sample data most be 
addressed in the project narrative. Refer to QA-003 for 
further details of corrective actions. 

9.3.2.2. High blank results indicate contamination. Make sure the 
glassware and filtering apparatus is clean. 

9.3.2.3. Low blanks typically indicate that the balance was not operating 
correctly or the filter/weighing dish was not completely dry when 
the initial weights were measured. 

9.3.2.4. If there is no analyte greater than the RL in the samples 
associated with an unacceptable method blank, the data may 
reported with qualifiers. Such action most be taken in 
consultation with the client and must be addressed in the 
project narrative. 

, 
9.4. Laboratory Control Sample (LCS): One LCS must be processed with each batch 

of 20 or less samples. The LCS must be carried through the entire anaIy@cal 
procedure. The LCS is used to monitor the accuracy of the analytical process. 
On-going monitoring of the LCS results provides evidence that the laboratory is 
performing the method within acceptable accuracy and precision guidelines. No 
LCS is available for volatile residue procedures. 

9.4.1. An LCS is prepared and analyzed with each analytical batch of samples. 
Refer to Section 7.2 for instructions on how to prepare the LCS solution. 
The LCS should bc the same volume as the method blank. 

9.4.2. Corrective Action for LCS 

9.4.2.1. A control limit of 80-120% recovery must be applied until in- 
house control limits are established. If the result is outside 
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established control limits, the system is out of control and 
corrective action must occur. 

9.4.2.2. Corrective action will include repreparation and reanalysis of the 
batch unless the client agrees that another corrective action is 
acceptable. If this is not possible due to limited sample quantity 
or other considerations, the corresponding sample data must be 
addressed in tbe project narrative. 

9.4.2.3. Poor LCS results are usually the result of contamination or poor 
mixing. 

9.5. A Matrix Spike/Matrix Spike Duplicate (MSIMSD or MS/SD) pair must be 
extracted with every process batch of similar matrix, not to exceed twenty (20) 
samples. An MS/MSD pair are aliquots of a selected field sample spiked with 
analytes of known identity and concentration. The MS(MSD pair must be 
processed in the same manner and at the same time as the associated samples. 
Spiked analytes with recoveries or precision outside control limits must be within 
control limits in the LCS. Corrective actions must be documented on a Non- 
Conformance memo, then implemented when recoveries of any spike analyte is -. 
outside control limits provided on the LIMS or by the client. Re-extraction of the 
blank, an LCS, the selected field sample, the MS/MSD may be required after 
evaluation and review. 

9.6. A duplicate control sample (LCSD or DCS) must be substituted when insufficient 
sample volume is provided to process an MSlMSD pair. The LCSD is evaluated 
in the same manner as the LCS. See Quanterra Inc. QA Policy 003 for specific 
acceptance criteria. Sample results should agree’ within 20% if both the sample 
and sample duplicate results are > 5x RL. 

10. CALIBRATION AND STANDARDIZATION 

10.1. Since this method is based on gravimettic techniques, there is no calibration in the 
usual sense. Proper balance operation will be verified daily or prior to sample 
analysis by following the lab-specific balance calibration SOP. Analytical balance 
calibration must be performed daily (every 24 hours). 

10.2. Oven temperature must be checked daily and recorded either on the benchsheet or 
in an oven temperature logbook. 

10.3. Conductivity of the water must be monitored and recorded in the Conductivity 
Logbook daily. The maximum permissible conductivity is 1.0 umhos/cm (at 25 -’ 

CY-Y(?S 
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.- 

“C). If the conductivity reading on the water system exceeds this level, do not use 
the water for these procedures and notify the supervisor immediately. 

11. PROCEDURE 

11.1. One-time procedural variations are allowed only if deemed necessary in the 
professional judgment of supervisioo’to accommodate variation in sample matrix, 
radioactivity, chemistry, sample size, or other parameters. Any variation in 
procedure shall be completely documented using a Nonconformance Memo and 
must be approved by a Technical Specialist and QA Manager. If contractually 
required, the client shall be notified. The Nonconformance Memo shall be filed in 
the project tile. 

11.2. Any unauthorized deviations from this procedure must also be documented as a 
nonconformance with a cause and corrective action described. 

11.3. Ah samples are to be checked out of sample control with the chain of custody 
documentation tilled out completely. 

11.4. Proper sample identification is extremely important in any analytical procedure. 
Labeling of evaporating dishes and filters holders must be done in a manner to 
ensure connection with the proper sample. 

11.5. If possible, analyze all the samples of a project at the same time to minimize the 
QC required and streamline the flow of the project through the lab and reporting 
group. 

11.6. Non-representative particulates such as leaves, sticks, fish, and lumps of fecal 
matter should be excluded from the sample if it is determined that their inclusion 
is not desired in the final result. The presence/removal of these artifacts should be 
noted on the benchsheet. 

11.7. If samples are visibly oily, this should be noted on the beochsheet. 

11.8. If there is limited sample volume or high solids content, smaller amounts of 
sample may need to be processed than detailed in the following sections. This 
occurreoce must be noted on the benchsheet and reporting limits must be adjusted 
appropriately. 

11.9. Proceed to the appropriate section for the desired method as follows: 
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Total Solids 

Total Dissolved Solids 

Total Suspended Solids 

Volatile Solids 

Volatile Dissolved Solids 

Volatile Suspended Solids 

11.10. Total Solids 

11.10 

11.11 

11.12 

11.13 

11.14 

11.15 

11.10.1. Preparation of Evaporating Dish 

11.10.1.1. If only total solids are to be measured, heat clean dish to 
103-105 “C for one hour. If volatile solids are to be 
measured in addition to total solids, ignite the clean 
evaporating dish at 550 “C for one hour in a muffle furnace. 

11.10.1.2. Remove the dish from the muffle furnace using tongs and 
heat resistant gloves. 

--. 

11.10.1.3. Cool and store dish in desiccator until dish reaches room 
temperature or until needed. 

11.10.1.4. Weigh immediately before use to the nearest 0.1 mg. 
Record the weight on the benchsheet. 

11.10.2. Sample Analysis 

11.10.2.1. Transfer a measured aliquot of well-mixed sample to the 
pre-weighed; labeled dish. Record the volume of sample 
(to the nearest mL) on the benchsheet. All benchsheet 
entries are entered into the Total Solids and Total Dissolved 
Solids Benchsheet Software program. 

11.10.2.1.1. Choose an aliquot of sample sufficient to 
contain a residue of at least 25 mg but less 
than 200 mg. To obtain a weighable residue, 
successive aliquots of sample may be added to 
the same dish after evaporation. 

c4-407 
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11.10.2.1.2. Ifthe sample is known to contain > 2000 rn& 

11.10.2.2. 

11,.10.2.3. 

11.10.2.4. 

11.10.2.5. 

11.10.2.6. 

11.10.2. 

11.10.2. 

dissolved solids, it should be diluted. 
hescreening may be performed using a 
conductivity meter to determine the required 
sample volume or dilution. For this purpose, 

the following formula should be used to 
approximate the required sample volume: 

(2000 x 100) / Conductivity = mL sample ro 
use 

Note: To avoid “oddball” reporting limits, 
round the determined sample volume to one of 
the following volume increments: 5, 10,20, 
25,50, or 100 mL. 

.1.3. For the LCS, measure 100 mL of the LCS 
Solution (Section 7.2) and pour into the dish. 

.1.4. For the MB, measure 100 mL of reagent water 
and pour into the dish. 

Evaporate the sample to dryness on a steam bath or in a 
drying oven. If evaporation is performed in a drying oven, 
the temperature should be lowered as necessary to prevent 
boiling and splattering of the sample. 

Dry the evaporated sample for at least one hour at 103-105 
“C. 

Record the date, time, and oven temperature on the 
benchsheet when the samples are initially placed in the 
oven and again when they are removed from the oven. 

Using tongs, remove the weighing dish from the oven and 
place in a desiccator and cool to room temperature. 

Weigh the dish to the nearest 0.1 mg. Record the weight on 
the benchsheet. All benchsheet entries are entered into the 
Total Solids and Total Dissolved Solids Benchsheet 
Software program. 
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11.10.2.7. Return the samples to the oven for another hour, cool in a 
desiccator, and reweigh. Repeat the drying, cooling, 
desiccating, and weighing cycle until a constant weight is 
obtained or weight loss is less than 1.0 mg. If more than 
three cycles are required, prepare a Nonconformance 
Memo. 

Note: When weighing dried sample, be alert to change in 
weight due to air exposure and/or sample degradation. 

11.10.2.8. If volatile solids are to be determined, treat the residue 
according to Section 11.13. 

11.10.2.9. Calculate results according to the equation provided in 
Section 12.1. All benchsheet entries are entered into the 
Total Solids and Total Dissolved Solids Benchsheet 
Software program. The software program completes all 
calculations. Use the lowest final weight achieved for 
calculating TS. 

11.11. Total Dissolved Solids 
Measure and record the conductance of each sample before preparation and 
analysis for TDS. Conductance multiplied by a factor between 0.55 and 0.81 gives 
a rough approximation of TDS. See calculations in Section 12.3. The measured 
TDS should be within the range of the expected TDS result calculated from 
conductance. If the measured TDS is not within the expected TDS range 
calculated from conductance, follow the corrective action protocol in Figure 1. 

11.11.1. Preparation of Glass Fiber Filter Disc: Refer to Section 17.1.2. 

11.11.2. Preparation of Evaporating Dishes 

11.11.2.1. If only total dissolved solids are to be measured, heat clean 
dish to 180 f 2 “C for one hour. If volatile dissolved 
solids are to be measured in addition to TDS, ignite the 
clean evaporating dish at 550 * 50 “C for one hour in a 
muffle furnace. 

11.11,.2.2. Heat resistant gloves and tongs must be used when 
removing items from the muffle furnace. 

W-Y09 . 
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11.11.2.3. Store and cool dish in desiccator until dish reaches room 
temperature or until needed. 

Note: Always transfer the dish with gloves or tongs to 
prevent added weight due to oil from fingerprints. 

,’ 
Il. 11.2.4. Weigh immediately before use to the nearest 0.1 mg. All 

benchsheet entries are entered into the Total Solids and 
Total Dissolved Solids Benchsheet Software program. 

11.11.3. SampleAnalysis 

.- 

Il. 11.3.1. Thoroughly rinse the entire filtration apparatus with reagent 
water before filtering each sample. 

11.11.3.2. Assemble the filtering apparatus, place a glass fiber filter in 
the apparatus, pre-wet the filter using reagent water, and 
begin suction. 

Note: If the sample also requires TSS, preweigh the 
prepared filter and refer to Section 11.12 for additional 
guidance. 

11.11.3.3. Shake the sample vigorously and rapidly transfer 100 mL 
(or a smaller portion which will yield between 16 and 200 
mg dried residue) to the funnel by means of a graduated 
cylinder. If total dissolved solids content is low, a larger 
volume may be filtered. If more than 10 minutes are 
required to complete filtration, decrease sample size. 

Note: Multiple filters may be used if performing only TDS 
analysis. 

11.11.3.3.1. The conductance of each sample may be used 
to determine the appropriate sample volume to 
process. 

Note: TDS is typically 5590% of the 
conductance result. The exact relationship 
depends on the compounds present in the 
samples and may not hold for very high 
concentrations or samples containing non- 
ionic species or samples with conductances 
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greater than 10,000 umho/cm or less than 50 
umho/cm. 

11.11.3.4. 

11.11.3.5. 

11.11.3.6. 

11.11.3.7. 

11.11.3.3.1.1. Ifthe sample has aconductance 
less than 3,000 umhos/cm, 100 
mL should be used. 

11.11.3.3.1.2. Iftheconductanceis3,OOOto’ ” 
10,000 umhos/cm, use 20 mL 
of sample. 

11.11.3.3.1.3. Iftheconductanceisextremely 
high (> 10,000 umhos/cm) 
smaller volumes may be used. 

11.11.3.3.2.. All benchsheet entrjes are entered into the 
Total Solids and Total Dissolved Solids 
Benchsheet Software program. 

11.11.3.3.3. For the method blank, process 100 mL of 
reagent water as the sample. 

11.11.3.3.4. For the LCS, process 100 mL of the LCS 
Solution. Refer to Section 7.2 for instructions 
on how to prepare the LCS. 

Filter the sample through the glass fiber filter. 

Rinse the graduated cylinder, funnel walls, and filter with 
three successive 10 mL portions of reagent water and allow 
for complete drainage between washings. Continue to 
apply vacuum for about three minutes after filtration is 
complete to remove as much water as possible. 

Transfer the filtrate (including the washings) to a pre- 
weighed evaporating dish. Rinse the receiving flask with 
lo-25 mL of reagent water and transfer washings into the 
dish to ensure complete transfer of the sample. 

Evaporate the samples to dryness on a steam bath or in an 
oven set slightly below boiling. If filtrate volume exceeds 
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dish capacity, add successive portions to the same dish after 
evaporation. 

11.11.3.8. Dry the evaporated sample in an oven for at least one hour 
at 180 f 2 “C. 

11.11.3.9. Record the date; time, and oven temperature on the 
benchsheet when the samples arelnitially placed in the 
oven and again when they are removed from the oven. 

11.11.3.10. Using tongs, remove the weighing dish from the oven and 
place in a desiccator and cool to room temperature. 

11.11.3.11. Weigh the dish to the nearest 0.1 mg. All benchsheet 
entries are entered into the Total Solids and Total Dissolved 
Solids Benchsheet Software program. 

11.11.3.12. Return the samples to the oven for another hour, cool in a 
desiccator, and reweigh. Repeat the drying, cooling, 
desiccating and weighing cycle until a constant weight is 
obtained or weight loss is less than 1.0 mg. If more than 
three cycles are required, prepare a Nonconformance 
Memo. 

11.11.3.13. Calculate results according to the equation in Section 12.2. 
All benchsheet entries are entered into the Total Solids and 
Total Dissolved Solids Benchsheet Software program. The 
software program completes all calculations. Use the 
lowest final weight achieved for calculating TDS. 

11.12. Total Suspended Solids 

11.12.1. Preparation of Glass Fiber Filter Disc 

Note: As an alternative to the steps outlined in Sections 11.12.1.1 
through 11.12.1.7, prepared and pm.-weighed filters may be purchased 
for use under this method. 

11.12.1.1. Place the glass fiber filter discs, one at a time, on the 
membrane filter apparatus or insert into bottom of a 
suitable Gooch crucible with wrinkled surface up. 

ok-412 
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11.12.1.2. While vacuum is applied, wash the disc with three 
successive 20 mL volumes of distilled water. 

11.12.1.3. Remove all traces of w’ater by continuing to apply vacuum 
after water has passed through and discard. washings. 

11.12.1.4. Remove filter from membrane filter apparatus and place in 
a labeled, glass weighing dish (or remove both the crucible 
and filter if a Gooch crucible is used), and dry in an oven at 
103-105 “C for one hour. 

Note: If volatile suspended solids (VSS) are to be 
determined as well as total suspended solids, the filter must 
be heated at 550 “C for one hour, instead of 103- 105 “C. 

11.12.1.5. Using tongs, remove the weighing dish from the oven and 
place in a desiccator and cool to room temperature. 

11.12.1.6. Weigh the cooled filter using an analytical balance to the 
nearest 0.1 mg. Handle the filters or crucible/filter only .-. 
with forceps. All benchsheet entries are entered into the 
Total Solids and Total Dissolved Solids Benchsheet 
Software program. 

11.12.1.7. Repeat the drying, cooling, and weighing cycle until a 
constant weight is obtained or weight loss is less than 1.0 
mg. 

11.12.2. Selection of Sample Volume 

11.12.2.1. For a47 mm diameter filter, filter 100 mL of sample. 

11.12.2.2. If during filtration of this initial volume, the filtration rate 
drops rapidly or if filtration time exceeds 5- 10 minutes, a 
smaller volume of sample should be processed. 

Note: If the sample appearshigh in TSS, start with a 
sample volume c 100 mL. 

11.12.3. Sample Analysis 

--. 
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11.12.3.1. 

11.12.3.2. 

Assemble the filtering apparatus, place the pre-weighed 
glass fiber filter in the apparatus, pre-wet the filter using 
reagent water and begin suction. 

Note: Handle the filters or crucible/filter only with forceps. 

Shake the sample vigorously and quantitatively transfer 100 
mL, (or an appropriate aliquot) of the sample to the filter 
using a graduated cylinder or pipet. A smaller amount 
should be filtered if the sample is high in TSS or is 
otherwise slow to filter. Filter 25 mL at a time until 
filtration slows. Record the volume of sample filtered (to 
the nearest mL) on the benchsheet. 

11.12.3.3. 

11.12.3.4. 

11.12.3,.5. 

11.12.3.6. 

11.12.3.7. 

11.12.3.8. 

11.12.3.9. 

Note: If Total Dissolved Solids (TDS) is also required, the 
filtrate may be used. Refer to Section 11.11 for additional 
guidance. 

Remove all traces of water by continuing to apply vacuum 
after the sample has passed through. 

With suction on, rinse the graduated cylinder, filter, 
suspended solids residue, and filter funnel wall with three 
10 mL portions of reagent water allowing complete 
drainage between washings. 

Remove all traces of water by continuing to apply vacuum 
for about three minutes after the sample has passed through. 

Carefully remove the filter from the filter support and 
transfer to an glass weighing dish. Alternatively, remove 
the crucible and filter from the crucible adapter. 

Dry the filter at least one hour at 103-105 “C. 

Record the date, time, and oven temperature on the 
benchsheet when the samples are initially placed in the 
oven and again when they are removed from the oven. 

Using tongs, remove the weighing dish from the oven and 
place in a desiccator and cool to room temperature. 
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11.12.3.10. Cool the samples in a desiccator, weigh (to the nearest 0.1 
mg). Enter weight into the Total Solids and Total Dissolved 
Solids Benchsheet Software program. 

11.12.3.11. Return the samples to the oven for another hour, cool in a 
desiccator, and reweigh. Repeat the drying, cooling, 
desiccating, and weighing cycle until a constant weight is 
obtained or weight loss is less than 1.0 mg. If more than 
three cycles are required, prepare a Nonconformance 
Memo. 

11.12.3.12. If volatile suspended solids are to be determined, treat the 
residue according to Section 11.15. 

11.12.3.13. Calculate the results using the formula given in Section 
12.3. All benchsheet entries are entered into the Total 
Solids and Total Dissolved Solids Benchsheet Software 
program. Use the lowest final weight achieved for 
calculating TSS. 

11.13. Volatile Solids 

11.13.1. Heat muffle furnace up to temperature (550 k 50 “C). 

11.13.2. Place evaporating dish containing residue generated by Total Solids 
protocol (Sectjon 11.10) in muffle furnace to ignite the residue. 

11.13.3. Record the date, time,and oven temperature on the benchsheet when the 
samples are initially placed in the oven and again when they are removed 
from the oven. 

11.13.4. Typically, 15-20 minutes ignition are required for 200 mg of residue. 
However, more than one sample and/or heavier residues may necessitate 
longer ignition times. 

11.13.5. Let dish cool partially in air until most of the heat has dissipated before 
transferring to a desiccator for final cooling. 

11.13.6. Using tongs and heat resistant gloves, remove the weighing dish from 
the muffle furnace and place in a desiccator and cool to room 
temperature. 

CY -4viii. 



Determination of Solids in Waters and Wastes SOP No. CORP-WC-0002SAC 
Revision No. 2.0 
Revision Date: 313 I/97 
Page 23 of 32 

11.13.7. Weigh dish as soon as it has cooled to roo,m temperature. 

11.13.8. Return the samples to the oven for another hour, cool in a desiccator and 
reweigh. Repeat the drying, cooling, desiccating, and weighing cycle 
until a constant weight is obtained.or weight loss is less than 1.0 mg. If 
more than three cycles are required, prepare a Nonconformance Memo. ~,. 

: 
11.13.9. Calculate the results using the formula given in Section 12.4. Use the 

lowest final weight achieved for calculating VS. 
. 

11.14. Volatile Dissolved Solids 

11.14.1. Heat muffle furnace up to temperature (550 f 50 “C). 

11.14.2. Place evaporating dish containing residue generated by Total Dissolved 
Solids protocol (Section 11.3) in muffle furnace to ignite the residue. 

11.14.3. Record the date, time, and oven temperature on the benchsheet when the 
samples are initially placed in the oven and again when they are removed 
from the oven. 

11.14.4. Typically, 15-20 minutes ignition are required for 200 mg of residue. 
However, more than one sample and/or heavier residues may necessitate 
longer ignition times. 

11.14.5. Let dish cool partially in air until most of the heat has dissipated before 
transferring to a desiccator for final cooling. 

11.14.6. Using tongs and heat resistant gloves, remove the weighing dish from 
the muffle furnace and place in a desiccator and cool to room 
temperature. 

11.14.7. Weigh dish as soon as it has cooled to room temperature. 

11.14.8. Return the samples to the oven for another hour, cool in a desiccator and 
reweigh. Repeat the drying, cooling, desiccating and weighing cycle 
until a constant weight is obtained or weight loss ‘Is less than 1 .O mg. If 
more than three cycles are required, prepare a Nonconformance Memo. 

11.14.9. Calculate the results using the formula given in Section 12.5. Use the 
lowest final weight achieved for calculating VDS. 

CY-416 
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11.15. Volatile Suspended Solids 

11.151. Heat muffle furnace up to temperature (550 f 50 “C). 

11.15.2. Place glass fiber filter disc containing residue generated by Total 
Suspended Solids protocol (Section 11.12) in muffle furnace to ignite 
the residue. 

11.15.3. Record the date, time, and oven temperature on the benchsheet when the 
samples are initially placed in the oven and again when they are removed 
from the oven. 

11.15.4. Typically, 15-20 minutes ignition are required for 200 mg of residue. 
However, more than one sample and/or heavier residues may necessitate 
longer ignition times. 

11.15.5. Let filter cool partially in air until most of the heat has dissipated before 
transferring to a desiccator for final cooling. 

11.15.6. Using tongs and heat resistant gloves, remove the weighing dish from 
the muffle furnace and place in a desiccator and cool to room 
temperature. 

11.15.7. Weigh filter as soon as it has cooled to room temperature. 

11.15.8. Return the samples to the oven for another hour, cool in a desiccator, and 
reweigh. Repeat the drying, cooling, desiccating, and weighing cycle 
until a constant weight is,obtained or weight loss is less than 1.0 mg. If 
more than three cycles are required, prepare a Nonconformance Memo. 

11.15.9. Calculate the results using the formula given in Section 12.6. Use the 
lowest final weight achieved for calculating VSS. 

12. DATA ANALYSIS AND CALCULATIONS 

12.1, Calculate Total Solids as follows: 

Total Solids, mg I L = 
(A - B) x 1000 

C 
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where: A = weight of dried residue + dish (mg) 
B = weight of dish (mg) 
C = volume of sample (mL) 

12.2. Calculate Total Dissolved Solids as follows: 

Total Dissolved Solids, mg / L = 
(A - B) x 1000 

C 

where: A = weight of dried residue + dish (mg) 
B = weight of dish (mg) 
C = volume of sample (mL) 

12.3. Calculate Total Suspended Solids as follows: 

.A PA;& . ..” /L = (A - B)Cx loo0 

where: A = weight of filter + residue (mg) 
B = weight of filter (mg) 
C = volume of sample filtered (mL) 

Calculate the expected TDS range from conductance (as umhokm). 

Expected TDSt, (mg/L) = (Conductance x 0.55) 

Expected TDSbgh (mg/L) = (Conductance x 0.81) 

12.4. Calculate Volatile Solids as follows: 

Volatile Solids, mg / L = 
(A - B) x 1009 

C 

where: A = weight of residue + dish before ignition (mg) 
B = weight of residue + dish after ignition (mg) 
C = volume of sample (mL) 

12.5. Calculate Volatile Diiolved Solids as follows: 

Volatile Dissolved Solids, mg I L = 
(A - B) x 1000 

C 
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where: A = weight of residue + dish before ignition (mg) 
B = weight of residue + dish after ignition (mg) 
C = volume of sample (mL) 

12.6. Calculate Volatile Suspended Solids as follows: 

12.7. 

12.8. 

12.9. 

12.10. 

Volatile Suspended Solids, mg I L = 
(~-B)~11200 

C 

where: A = weight of residue + filter before ignition (mg) 
B = weight of residue + filter after ignition (mg) 
C = volume of sample (mL) 

The relative percent difference (RPD) of duplicates are calculated according to the 
following equation: 

Where: DU 1 = Sample result 
DU2 = Sample duplicate result 

If multiple weighing cycles are required, the lowest final sample weight is used 
for calculating solids content. 

If smaller or larger sample volumes are processed than are specified in the 
method, the reporting limit must be adjusted accordingly. 

Sample results should be reported according to the following significant figure 
rules: 

Significant Figures 1 Sample Result 

2 < 10 

13. METHOD PERFORMANCE 

13.1. The reporting limit is 10 mg/L for TS, TDS, VS, VDS, and VSS. 

13.2. The reporting limit is 5 mg/L for TSS. 
-. 
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13.3. The initial demonstration study as detailed in Section 9.1.2 must be acceptable 
before the analysis of field samples under tbis SOP may begin. 

13.4. The group/team leader has the responsibility to ensure that this procedure is 
performed by an associate who has been properly trained in its use and has the 
required expertise. 

14. POLLUTION PREVENTION 

14.1. No sokents of any kind or in any amount are to be disposed of in the sinks or 
evaporated in the hoods. 

15. WASTE MANAGEMENT 

15.1. Waste management in the procedure must be segregated and disposed according 
to the facility hazardous waste procedures. The Environmental Health and Safety 
Coordinator or Hazardous Materials Technician should be contacted if additional 
information is required. 

15.2. All waste must be disposed of according to the facility hazardous waste 
management procedures, Attachment C of the Chemical Hygiene Plan, Section 
WSOO2, Table 1. 

15.3. Samples and other solutions containing high concentrations of toxic materials 
must be disposed of according to the facility hazardous waste management 
procedures, Attachment C of the Chemical Hygiene Plan, Section WSO03, 
Disposal of Samples After Analysis. 

16. REFERENCES 

16.1. Methods for the Chemical Analysis of Water and Wastes, EPA-600/4-79-020, 
March 1979: Methods 160.1, 160.2, 160.3, and 160.4. 

16.2. Standard Methods for the Examination of Water and Wastewater, 18th Edition, 
1992: Methods 254OA, 2540B. 254OC, 2540D. and 254OE. 

16.3. QA Policy QA-003, Quanterra QC Program. 

16.4. QA Policy QA-004, Rounding and Significant Figures. 

16.5. QA Policy QA-005, Method Detection Limits. 
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16.6. SAC-QA-0041 Calibration and Calibration Check of Balances, Revision 1.1. 

16.7. LP-CAL-0001 Laboratory Documentation Practices, Revision 3.0. 

16.8. QA Policy Quanterra 003 Quality Control Program, Revision 1. 

16.9. QA Policy 008 Data Recording Requirements, Rev. 0. 

16.10. Chemical Hygiene Plan, Attachment C, Hazardous Waste Management 
Procedures, Revision 0. 

17. MISCELLANEOUS (TABLES, APPENDICES, ETC.) 

17.1. Modifications/Interpretations From Reference Method 

17.1.1. Samples are not taken through the drying, cooling, and weighing cycle 
more than three times. If the sample fails to reach constant weight within 
three cycles, this is documented in a Nonconformance Memo and the 
lowest final weight is used for the calculation. 

17.1.2. The filter cleaning procedure outlined in Method 160.1 is not applied. 
This SOP requires the use of method blanks to document system 
cleanliness. 

.-_ 

- 17.2. Modifications From Previous SOP 

17.2.1. Constant weight shall be determined after weight loss is less than 1.0 mg 
rather than 0.5 mg as specified in Sections 11.10.2.7 and 11.11.3.12: 

17.2.2. All entries shall be entered into the TDS and TS Benchsheet Software 
program. Software program completes all calculations. 

17.2.3. Section 7.2 includes LCS solutions used at Quanterra, West Sacramento. 
Sections 7.3 and 9.6 describe the spike solutions and quality control for 
matrix spikes. 

17.2.4. Sections 8.3, 13.2, 11.12.2.1, and 11.12.3.2 describe the 100 mL sample 
used for TSS rather than 250 mL used in previous SOP and raises the 
Reporting Limit to 5 ppm, rather than 4 ppm. 

17.2.5. TSS filters are placed in a glass weighing dish rather than an aluminum 
onein Sections 11.12.1.4 and 11.12.3.6. 

-. 

CY- Ll,3 / 
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17.2.6. Figure 1: Decision Tree for Failed EUI’DS Ratio has been included. 

-. 
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Figure 1: Decision Tree for Failed ECA’DS Ratio 

STEP 1: Investigate the physical properties of the Smple. 

1. Take good notes on your benchsheet during pouring and after drying. 

1.1. Floatables, sediment content, viscosity, color, reaction to air exposure, smell, etc. 

are enough to cause a failed EUI’DS ratro. 

1.2. What happened during the process? Did the sample spill, splatter, too much’ 
sediment? 

1.2.1. If analyst error occurs, stop and reanalyze immediately. 

1.3. What is the sample’s appearance after drying? Hygroscopic crystals apparent? 
Hard to dry? Ring around crucible? Fine sediment persistent? 

NOTE: For samples high in sediment, do not shake the samples prior to analysis. 

STEP 2: Always check initial EC, when in doubt reanalyze for EC. 

1. If EC is < 20 umhos/cm with TDS of c 100 ppm: Report result with an anomaly stating 
the EC value is cl00 urnhos/cm and therefore the ECITDS ratio criteria does not apply. 

2. If EC is between 20 umhos/cm and 100 umhos/cm with TDS < 150% of EC: Report 
result with an anomaly stating the EC value is cl00 umhos/cm and therefore the ECITDS 
ratio criteria does not apply. 

3. If EC is between 20 umhos/cm and 100 mnhos/cm with TDS > 150% of EC: Reanalyze 
TDS. 

_ 

3.1. If reanalysis confirms the original TDS result, report the original run with 
documentation on both datasheets that reanalysis confirms TDS results with failed 
ECRDS ratio. 

4. 

3.2. If reanalysis does not confirm the original TDS result, and the rerun analysis 
passes EUTDS criteria, report the rerun. If holding times were violated, tile an 
anomaly stating the internal QC failed in the original run. 

If EC is > 20,000 umhos/cm (oversaturated), dilute the sample at 10x and rerun for EC. 
Recalculate ECRDS ratio using the rerun results for EC. 

4.1. If new ratio passes, report results with documentation in the data that the sample 

was diluted and rerun for EC due to high EC and possibly saturation of salts. 

4.2. If new ratio still fails, rerun TDS. 

4.2.1. If reanalysis confirms the original TDS result, report the original run with 
notes on both datasheets that reanalysis confirms TDS results with failed 
EUfDS ratio. 
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5. 

4.2.2. If reanalysis does not confii the original TDS result, and the rerun 
analysis passes ECITDS criteria, report the rerun. If holding times were 
violated, file an anomaly stating the internal QC failed in the original run. 

For failed TDS with EC > 100 umhoskm, but c 20,000 umhoskm, rerun EC first before 
reanalyzing TDS. Keep TDS holding times (7 days) in mind. 

5.1. If rerun EC confirms original, and ECfTDS ratio still fails, rerun TDS. 

5.2. If rerun EC > 20% RPD from the original EC result, and ECTDS ratio passes, 
report TDS result and record new EC result. 

5.3. If ECYTDS still fails, rerun TDS. 

STEP 3: Only when the EC evaluations and reanalyses are complete should you determine 
whether to reanalyze for TDS. 

STEP 4: If none of the above scenarios apply and you need additional guidance, see your 
supervisor. 

c4-424 
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17.3. Tables 

Table 1: S mnmary of Quality Control Requirements for Solids Determinations 

limits in the LCS. Re-extraction of the 
blank, an LCS, the selected field 

when results > 
substituted when 
insufficient sample 
volume is provided 
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Effective.Oate: 
March 19, 1990 

Supersedes: None 

1. SCOPE AND APPLICATION 

1.1 

1.2 

1.3 

1.4 

1.5 

Analytes. 

This method measures the oxygen equivalent of materials present in 
water that are subject to oxidation by a strong chemical oxidant. 

Reporting Limit 

The reporting limit is 5 mg/L. 

Applicable Matrices 

This method is applicable to surface waters, as well as industrial 
and domestic wastewaters. 

Dynamic Range 

This method covers the ranges between 5 and 1500 mg/L COO. Higher 
concentrations can be determined by dilution. 

Analysis Time 

The analytical time is approximately 4 hours for a batch of 20 
samples. 

.L 

Prepared By: 
John Disney 

Management Approval: 
-al- 
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2. SUMMARY OF METHOD 

2. ,l Organic and oxidizable inorganic substances in an aqueous sampie 
are digested and oxidized by potassium dichromate in 509 sulfuric 
acid in a sealed vial at 1500C. After two hours of digestion, 
tubes are removed from the digestor, cooled and measured 
calorimetrically at both high and low level ranges. The 
measurement is an indication of excess dichromate remaining in the 
vial after digestion. 

2.2 The low level curve ranges from 5 to 150 mg/L and is read at 
420 nm. The high level curve ranges .from 100 to 1500 mg/L and is 
read at 620 nm wavelength. Different Hach COD vials are used for 
each level. 

3. COMMENTS 

3.1 Interferences 

3.1.1 

3.1.2 

3.1.3 

Low levels of organic matter contamination in water or on 
glassware may give bad results. 

Volatile materials may be lost during sampling and storage. 
Samples should completely fill a glass bottle and be 
preserved to pH t2 with H2SO4. 

Chloride may give false positive results. Mercuric sulfate 
in the Hach vials will prevent interference of up to 2000 
ppm chloride. If chloride is higher than 2000 ppm, 
dilutions must be made to reduce this interference. 

3.2 Helpful Hints 

3.2.1 This method is based on the reduction of Cr (VI) to 
Cr (III). Readings at 420 nm represent the reduction of 
Cr (VI) in the low curve. The high curve reads at 620 nm 
to represent the increase in Cr (III). 

3.2.2 COD is related to TOC and BOD. For rough comparison 
purposes,.COD = 1.6 x BOD; BOD = 1.6 x TOC. 

3.2.3 Some inorganic compounds may contribute to COD thus 
indicating a higher level of organic contamination. 

-. 

L.y-s/a7 
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~4. SAFETY ISSUES 

4.1 All Cal employees are expected to follow the Enseco GGC policy. 
Lab coats, gloves, and glasses are required when working in the 
lab. 

4.2 COD vials contain sulfuric acid as well as salts of mercury, 
silver, and dichromate. Consult MSDS and handle with extreme 
care. Return used tubes to the original containers so they can be 
sent off-site for disposal. 

4.3 Run analysis in a fume hood. 

4.4 When mixing samples in the vials, wrap paper towels around the 
vials to avoid burns and possible breakage. 

.- 
5. SAMPLE COLLECTION AND PRESERVATION 

5.1 Samples should be collected in glass bottles, preserved to pH less 
than 2 and stored at 4oC. Minimize head space. 

5.2 Holding time for COD is 28 days. 

6’. APPARATUS 

6.1 Hach block digestor for 16 mm tubes set at 1500C + 2oC. 

7. 

6.2 Spectrophotometer to measure 16 mm tubes at 420 and 620 nm. 

REAGENTS AND STANDARDS 

7.1 

7.2 

7.3 

7.4 
- 

Premixed Hach low range COD tubes #21258-15. 

Premixed Hach high range + COD tubes #21259-15. 

Deionized water which contains less than 0.3 mg/L organic carbon. 
Do not store water in plastic bottles. Distilled water may be 
used. 

1500 ppm COD stock standard. 
desiccate. 

Dry potassium phthalate (KHP) and 
Use 1.275 g to 1000 mL and preserve with 2 mL H2SO4. 
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7.5 1000 ppm COD stock standard. Use 0.85 g KHP to 1 liter with 2 ml 
H2SO4. 

7.6 W;,;;;king standards. Dilute stock solutions in volumetrics as 

Concentration (ma/L) Volume of Stock ImL) Final Volume ImLL 
0 0 100 

5 mL 100 ppm 100 5 

:: 50 10 mL ml 100 100 ppm ppm 100 100 
100 100 mL 100 ppm 100 
150 15 mL 1000 ppm 100 
500 50 mL 1000 ppm 100 

1000 100 mL 1000 ppm 100 
1500 100 mL 1500 ppm 100 

7.7 Reference Solution 

Use ERA demand.sample diluted according to instructions supplied 
with the vial. 

a. PROCEDURE 

8.1 

0.2 

a.3 

a.4 

a.5 

8.6 

a.7 

Preheat block digestor to 15OoC. 

Prepare both a high range curve consisting of a blank, 100, 150, 
500, 1000, and 1500 mg/L standards and a low range curve consisting 
of a blank, 5.0, 10, 50, 100, and 150 mg/L. Mid-range ERA 
reference standards are to be run on both ranges. 

Pipet 2.0 mL of standard/sample into each vial (one low range, one 
high range). 
vigorously. 

Replace cap tightly, wrap in paper towel and shake 
Place vials in digestor block for 2 hours. 

Turn on spectrophotometer and allow 20 minutes for warm-up. 

Remove vials to a cooling rack for approximately 20 minutes. 

Read absorbance for the low range vials at 420 nm and high range 
vials at 620 nm. 

Record absorbances to 0.001 units. 
10 samples for each curve. 

Perform standard checks every 
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9. 'QA/QC REQUIREMENTS 

9.1 

9.2 

9.3 

9.4 

9.5 

A blank is required for each curve and must accompany no more than 
20 samples. 

Duplicate Control Samples (DCS) are required for every 20 samples. 
Single Control Samples (SCS) are required for every batch which 
doesn't include KS. Separate DCS/SCS are prepared for each curve. 

A blank and standard check must bracket every run and be after 
every 10 samples. 

If QC spikes are required, use a spike concentration of 100 mg/L. 

Acceptance Criteria 

9.5.1 Blanks must fall below the reporting limit (5 mg/L). 

9.5.2 DCS and SCS recoveries must fall within B5-115%. 

9.5.3 Relative Percent Difference (RPD) of the DCS must be less 
than 10 for the high curve and less than 15 for the low 
curve. 

9.5.4 Standard checks must be within 10%. 

9.5.5 Calibration standards must give a correlation coefficient 'of 
f 0.995 or better. 

10. CALCULATIONS 

10.1 Enter concentrations and absorbances of the standards into a linear 
least squares program. Notice the slope of the low range curve is 
negative while that of the high range curve is posi,tive. 

10.2 Calculate sample concentrations from the calibration curves and 
multiply by dilution factors. 

10.3 Note that negative absorbance5 on the low range curve indicate an 
over-range reading. 
used. 

Therefore the high range reading should be 

.L 

,py’- 430 
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11. REPORTING 

11.1 Results are reported in mg/L. 

11.2 For all dilutions, the reporting limit is multiplied by the 
dilution factor. 

11.3 Use 3 significant figures for values of 10 or greater. Report all 
DCS and SCS with 3 significant figures. 

11.4 Document all non-standard procedures such as odd dilutions, 
interference problems, etc. 

12. REFERENCES 

12.1 Sources 

12.1.1 EPA Method 410.4. 

12.1.2 The Hach Corporation recommended method. 
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c!t 
Cufl!s 84 iompklns. LE 

SOP FOR BIOCHE;MICAL OXYGEN DEMAND (BGD) 

SCOPE: This SOP covers dctennination of Biochemical Oxygen Demand (BOD) in samples. 
flt>D is the amount of dissolved oxygen rbqtied by bacteria IO consume biodegradable material 
wsr a Period of five days at 20 degrees C. Several dilutions of a sample are prepared with 
Imtrient-rich dilutian water. The initial dissolved oxygen is measured with an electrode. The 
i.lnlples are then incubated at 20 degrees C for five days. The final dissolved oxygen is 
uleasured by electrode and the BOD is calculated. 

REFERENCES: EPA 405.1 

l.MSPRODUCTNAME: BOD 
I.INKEDSPREADSREE'IS:NONE 
1~EPORTDVG IJMlT: 5.0 m#L 

t)C REQUIREMENTS: Two glucose/glutamic acid blank spikes (LCS’s) are prepared and 
It:poned with each batch. A seeded blank is prepared with each batch. Final DO must be at least 
I mgk for a dilution to he used in reporting. Oxygen depletion must be at least 1 mg/L for a 
,lilution to be used in reporting. A duplicate sample q IUSC be tun with each batch and the %RPD 
t~tt~st be less than 10%. The temperature of the iocubator must be mainlained at 20 degrees C +I- 
I degree. A seed control blank must be analyzed with each batch. 

SAFETY: Wear protective gloves when preparing the sample. Avoid skin and eye contact with 
dl samples. 

APPARATUSI 
I. 300 mL BOD bortlca with pointed ground-glass stoppea. 
1. Racks for transporting BOD bottles. 
r. Incubator. at 20 degrees C +I- 1 degce 
4. Class A volumetric pipets. 
5. Volumetric glassware. 
kMagnetic stir& wirh stir bars. 
1. Graduated cylinders 
3. 19-liter plasric container for dilution water. 
‘). Tygon tubing for ciphon. 
IO. Aerator with pump 
I 1. pHmeter 
I 2. Dissolved Oxygen clectrodc 
I3.500 OIL Erlcnmeyer flasks. 
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14..Buret for sodium thiosulfam tiuant. 
15. Hach DPD tesr kit for chlorine residual determination. 

REAGENTS: 
1. Milli-Q water 
2. Nun-ient buffer pillows for BOD, comrnerciahy available from BACH; add contents of one 

pillow to 19 liters of Milli-Q water. 
3. Glucose/glutamic acid solution: 

fry reagent-grade glucose and gluramic acid in rho 105 degree oven for one hour. 
Dissolve 0.15 g glucose and 0.15 g glutamic acid in deionized water and dilute to 1 L in a 
volumcnic flask. Mix well. Store in a refrigerator. 

4. Seed: 

cb Curtis & Tompkh ::I,. 

BOD Seed Inoculum (Polyseed). Dissolve one capsule in 500 mL of the dilution water. 
Stir for 1 hour. prcpam daily; solution will & usable for only six hours. 

PROCEDURE: 
1) Dilution wautr vessel preparation: 

a. Fill vessel with hot tap water and a cup of bleach. Put the tygon tubing in the vessel. 
b. Let soak for 30 minutes. 
c. Empty and rinse thoroughly with hot water. It is extremely important mat no trace of 
bleach remains. 
d. Rinse thomughly wirh organic free DI wafer. 
e. Perform ckning once per month or whenever the average dissolved oxygen depletion 
in me blanks exceeds 0.2. 

2) Dilution water preparation: 

a. Dispense the Milli-Q water into a 19 lifer container. 
b. Add contents of nutrient powder pillow. 

c. Aerate for 45 minures. 
* 

3) Seed Preparation: 

a. Add contents of one polysced capsule to 500 mL of prepared dilution water. 
b. Mix with stir bar and aerate for one hour minimum. 

-. 
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4) Sample dilution: 

cb Cumj & Tom&ns, trd 

a. Determine COD on sample - one hour reaction time is sufficient as a screen for BOD analysis. 
b. Determine the pH of the sample. It should lie between 6.5 and 8.0. If it does not. adjust the H 
with sulfuric acid or sodium hydroxide. 
c. check for residual chlorine with potassium iodide/starch test paper, or use Hach DPD test kit, 
following kit instructions. 
d. If residual chlorine is found, treat the sample with a predetermined amount of sodium sulfite 
solution. 

-. 

e. Collect enough BOD bottles for the batch. Allow 2 botdes for blank, 1 bottle for a seeded 
blank 2 bottles for an LCS, 3 bottles for each sample, and 3 bortlcs for each sample duplicate. 
f. Documentation for benchbook includes: The “date off’ should be five days after the “date set”. 
Include columns for the bottle numbers, the sample ID, the initial DO, the sample volume. the 
depletion, and rhc BOD (mg/L) for each b&e. 
g. Mow the smqilc to reach room temperature. 
h. mix each sample well. 
i. Prepare serial dilutions in accordance with COD values, see Appendix A. 
j. Use Class A volumetric pipets IO deliver difference volumes of each sample to three BOD 
bottles. The volumes can be selected by referring to historical results. The goal is to obtain 
oxygen depletions of at least I m@ with a final DO of ar least 1 m@. 
k. Add 25 mL of seed directly to me seed blank. 
1. Add 5 mL of the glucore/glutamic acid solution the first LCS and 10 n&s of glucose/glutamic 
acid solution to the second LCS. 
m. Add 2 mL of seed to each of the LCS bottles and each sample bottle. Do not add seed to me 
blanks. 
n. Carefully fill each bottle with the prepare dilution water using a siphon. Let the open end of 
the siphon extend below the surface of the water in the boules during tilliog. Take cart not to 
introduce air bubbles. 

4. Determination of initial dissolved oxygen: 
* 

a.Cotmect the dissolved oxygen electrode to the pH meter. 

.- 

Note: The oxygen electrode nests in a funnel with a built-in stlner. The funnel provides an 
overflow tmuvoir far water displaced when the clccnode is inserted in a bottle. 

Note: There is a ftvc position switch at rbc top of the electrode: OFF, BT CK (for bartery cluck). 
ZERO (for zero calibration), AlR and H20 (to take readings). 
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Note: When not in use, the electrode should bc stored in a BOD botde p&ally filled wtih DI 
water. Do not immerse me electrode. Switch the electrode to the “OFF” Position. 

b. With rhc clcctro& switch in the “OFF” position, switch the pH meter to pH mode. The meter 
will read 7.00. 
c. Turn the electrode switch to “BT CK” and verify that the banery reading is 13 or greater. If 
less than 13. replace bancry. 
d. Turn the electrode switch IO “zero”. Use the “zero calibration control” to set the meter to read 
0.00. 
e. Turn me electrode switch to “AIR”. Read out should be 7.60. If not, adjust with knob. wait 
for stable reading and probe is now calibrated. 
f. Turn electrode switch to “HZO”. 
g. Place the BOD hordes conraining the seed blanks, LCS, samples, and rcplicares on the 
magnetic stirrer one by one. Carefully inscn the funnel and clecucdc and record the initial DO 
reading for each in me bcochbook. 
h. Carefully stopper each bottle. Make sure that the BOD bottles are water sealed and mar there 
are no air bubble6 inside. Cover each stopper with a plastic cap and write tbe “date off’ on the 
cap. Tbc “dare off’ is five days a?ier today’s date. Transport all BOD hordes to me incubator. 

5. Decumination of final dissolved oxygen: 

a. Five days after they were wet, reuieve the BOD botrles from me incubator. 
b. Follow meter and probe calibrations as outlined in E.4.a through f. 
c. Documcm in benchbook. 
d. Place the BOD bottles conraining the seed blanks, LCS samples and replicates on the magnetic 
stirrer one by o%. Carefully insen the funnel and electrode and record the final DO reading for 
each in me beachbook. 

CALCULATION and Data Review: 

i. Subtract the final DO from the initial DO for each botrle. Record the results in the “depletion” 
column in the benchbook 

2. Calculate the average initial DO of the regular blanks (DO.AVG). Calculate tie average final 
DO of the seeded blanks (SEED.AVG). Calculate rhe seed correction factor (SCF) as follows: 

SCF = DO.AVE)- (SEED.AVG) 
5 
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3. Calculate rhe BOD for each bottle as follows: 

cb curils & lom@hls. LE. 

BOD =_IInitial DO) - (Timal DO) - (SCF) x 300 
Sample volume (in mL) 

4. The reported BOD for a sample is rhe average of the BOD’s for each sample dilution that 
satisfies the QC requirements. If only one dilution is satisfactory, its BOD will be the reported 
BOD. 

c.y-4% 
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SCOPE AND APPLICATION 

1.1 This method is based upon SW846 827OC. and is applicable to the determination of 
the concentration of semivolatile organic compounds in extracts prepared from solid 
and aqueous matrices. The modifications presented in Attachment A may be 
followed for analysis of wastewater following method 625. Direct injection of a 
sample may be used in limited applications. Refer to Tables 1,2,3 and 4 for the list 
of compounds applicable for this method. Note that the compounds are listed in 
approximate retention time order. Additional compounds may be amenable to this 
method. If non-standard analytes are required, they must be validated by the 
procedures described in section 13 before sample analysis. 

1.2 The following compounds may require special treatment when being determined by 
this method: 

l Benzidine can be subject to oxidative losses during solvent concentration and 
exhibits poor chromatography. Neutral extraction should be performed if this 
compound is expected. 

l Hexachlorocyclopentadiene is subject to thermal decomposition in the inlet of the 
gas chromatograph, chemical reaction in acetone solution, and photochemical 
decomposition. 

l N-Nitrosodiphenylamine decomposes in the gas chromatographic inlet and cannot 
be distinguished from diphenylamine. 

l Pentachlorophenol, 2,4-dinitrophenol, 4-nitrophenol,4,6-dinitro-2-methylphenol, 
4-cbloro-3-methylphenol, benzoic acid, 2-nitroaniline, 3-nitroaniline, 4- 
chloroaniline, and benzyl alcohol are subject to erratic chromatographic behavior, 
especially if the GC system is contaminated with high boiling material. 

l Hexachlorophene is not amenable to analysis by this method. 

l 3-Methylphenol cannot be separated from 4-methylphenol by the conditions 
specified in this method. 

1.3 The standard reporting limit (SRL) of this method for determining an individual 
compound is approximately 0.33 mgkg (wet weight) for soil/sediment samples, 1 - 
200 mgkg for wastes (dependent on matrix and method of preparation), and 10 pg/L 
for groundwater samples. Some compounds have higher reporting limits. Refer to 
Tables 1 and 2 for specific SRLs. Reporting limits will be proportionately higher for 

sample extracts that require dilution. 

2 SUMMARY OF METHOD 

2.1 Aqueous samples are extracted with methylene chloride using a separatory funnel, a 
continuous extractor or Accelerated One-StepTM. Solid samples are extracted with -. 
methylene chloride / acetone using sonication, soxhlet, accelerated soxhlet or 
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pressurized fluid extraction. Waste dilution is used for samples that are miscible with 
the solvent. The extract is dried, concentrated to a volume of 1 mL, and analyzed by 
GUMS. Extraction procedures are detailed in SOP# CORP-OP-Oool. Qualitative 
identification of the parameters in tbe extract is performed using the retention time 
and the relative abundance of characteristic ions, Quantitative analysis is performed 
using the internal standard technique with a single characteristic ion. 

3’ DEFINITIONS 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.1 

CCC (Calibration Check Compounds) - A subset of target compounds used tc 
evaluate the calibration stability of the GUMS system. A maximum percent 
deviation of the CCC’s is specified for calibration acceptance. 

SPCC (System Performance Check Compounds) - Target compounds designated to 
monitor chromatographic performance, sensitivity, and compound instability or 
degradation on active sites. Minimum response factors are specified for acceptable 
performance. 

Batch - The batch is a set of up to 20 samples of the same matrix processed using the 
same procedures and reagents within the same time period. The Quality Control 
batch must contain a matrix spike I spike duplicate (MUMSD), a Laboratory Control 
Sample (LCS), and a method blank. ln some cases, at client request, the MSlMSD 
may be replaced with a matrix spike and sample duplicate. Batches are defined at the 
sample preparation stage. Batches should be kept together through the whole 
analytical process to the extent possible, but it is not mandatory to analyze prepared 
extracts on the same instrument or in the same sequence. Refer to the Quanterra QC 
Program document (QA-003) for further details of the batch definition. 

Method Blank - An analytical control consisting of all reagents, internal standards 
and surrogate standards, that is carried through the entire analytical procedure. The 
method blank is used to define the level of laboratory background and reagent 
contamination. 

LCS (Laboratory Control Sample) - A blank spiked with the parameters of interest 
that is carried through the entire analytical procedure. Analysis of this sample with 
acceptable recoveries of the spiked materials demonstrates that the laboratory 
techniques for this method are acceptable. 

MS.(Matrix Spike)- aliquot of a matrix (water or soil) fortified (spiked) with known 
quantities of specific compounds and subjected to the entire analytical procedure in 
order to indicate the appropriateness of the method for the matrix by measuring 
recovery. 

MSD (Matrix Spike Duplicate)- a second aliquot of the same sample as the matrix 
spike (above) that is spiked in order to determine the precision of the method. 

c4 -447 
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4 INTERFERENCES 

4.1 

4.2 

4.3 

4.4 

4.5 

Method interferences may be caused by contaminants in solvents, reagents, 
glassware, and other processing apparatus that lead to discrete artifacts. All of these 
materials must be routinely demonstrated to be free from interferences under 
conditions of the analysis by running laboratory method blanks as described in the 
Quality Control section. Raw CC/MS data from all blanks, samples, and spikes must 
be evaluated for interferences. If an interference is detected it is necessary to 
determine if the source of interference is in the preparation and/or cleanup of the 
samples; then take corrective action to eliminate the problem. 

The use of high purity reagents, solvents, and gases helps to minimize interference 
problems. 

Matrix interferences may be caused by contaminants that are coextracted from the 
sample. The extent of matrix interferences will vary considerably from source to 
source, depending upon the nature of the sample. 

Contamination by carryover can occur whenever high-level and low-level samples are 
sequentially analyzed. To reduce carryover, the sample syringe must be rinsed with 
solvent between samples. Whenever an unusually concentrated sample is encoun- 
tered, it should be followed by the analysis of solvent to check for cross 
contamination. 

Phthalate contamination is commonly observed in this analysis and its occurrence 
should be carefully evaluated as an indicator of a contamination problem in the 
sample preparation step of the analysis. 

5 SAFETY PRECAUTIONS 

5.1 Procedures shall be carried out in a manner that protects the health and safety of all 
Quanterra associates. The following requirements must be met: 

5.1.1 Eye protection that satisfies ANSI 287.1 (as per the Chemical Hygiene Plan), 
laboratory coat, and appropriate gloves must be worn while samples, standards, 
solvents and reagents are being handled. Disposable gloves that have become 
contaminated will be removed and discarded, other gloves will be cleaned 
immediately. 

5.1.2 The health and safety hazards of many of the chemicals used in this procedure 
have not been fully defined. Additional health and safety information can be 
obtained from the MSDS files maintained in the laboratory. The following 
specific hazards are known: 

5.1.3 Chemicals that have been classified as carcinogens, or potential carcinogens, -. 
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under OSHA include: Benzo(a)anthracene, benzidine, 3,3’-dichlorobenzidine, 
benzo(a)pyrene, dibenzo(a,h)anthracene, and n-nitrosodimethylamine. primary 
standards should be purchased in solution. If neat materials must be obtained, 
they shah be handled in a hood. 

5.1.4 Exposure to chemicals must be maintained as low as reasonably achievable; 
therefore, unless they are known to be non-hazardous, all samples should be 
opened, transferred, and prepared in a fume hood, or under other means of 
mechanical ventilation. Solvent and waste containers should be kept closed 
unless transfers are being made. 

5.1.5 All work must be stopped in the event of a known or potential compromise to the 
health and safety of a Quanterra associate. The situation must be reported 
immediately to a laboratory supervisor. 



GCJTklS ANALYSIS BASED ON METEOD 827OC SOP No: CORP.MS-0001 
Revision No: 2 
Revision Date: 12/15/97 
Page 8 of 54 

6 EQUIPMENT AND SUPPLIES 

6.1 Gas Chromatograph/Mass Spectrometer System: An analytical system Complete With 

a temperature-programmable gas chromatograph suitable for splitkplitless injection 
and all required accessories, including syringes, analytical columns, and gases. The 
capillarycolumn should be directly coupled to the source. 

‘6.2 Column: 30 m x 0.32 mm I.D. (or 0.25 mm I.D.) OS-pm tihn thickness silicon- 
coated fused-silica capillary column (J & W Scientific DB-5.625 or equivalent).. 
Alternate columns are acceptable if they provide acceptable performance. 

6.3 Mass Spectrometer: Capable of scanning from 35 to 500 AMU every one second or 
less, using 70 volts (nominal) electron energy in the electron impact ionization mode. 
The mass spectrometer must be capable of producing a mass spectrum for 
decafluorotriphenylphosphine (DFTPP) which meets all of the criteria in Table 6 
when 50 ng of the GC/MS tuning standard is injected through the GC. 

6.4 GC/MS Interface: Any GC-to-MS interface that gives acceptable calibration points 
and achieves acceptable tuning performance criteria may be used. 

6.5 Data System: A computer system must be interfaced to the mass spectrometer. The 
system must allow the continuous acquisition and storage on machine-readable media 
of all mass spectra obtained throughout the duration of the chromatograpbic program. 
The computer must have software that can search any GC/MS data file for ions of a 
specific mass and that can plot such ion abundances versus time or scan number. 
This type of plot is defined as the Extracted Ion Current Profile (EICP). Software 
must also be available that allows integrating the abundances in any EICP between 
specified time or scan-number limits. The most recent version of the EPA/NM Mass 
Spectral Library is recommended. 

6.6 Syringe: 10 yL Hamilton Laboratory grade syringes or equivalent. 

6.1 Carrier gas: Ultra high purity helium. 

7 REAGENTS AND STANDARDS 

7.1 A minimum five point calibration curve is prepared. The low point should be at or 
below the reporting limit. Refer to Tables 12 and 13 for typical calibration levels for 
all analytes. Other calibration levels may be used, depending on instrument 
capability, but the low standard must support the reporting limit and the high standard 
defines the range of the calibration. 

7.2 An Internal Standard solution is prepared. Compounds in the IS. Mix are: 
acenaphthene-dl0, chrysene-d12, 1,4-dichlorobenzene-d4, naphthalene-d8, perylene- 
d12, and phenanthrene-dl0. -. 
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7.2.1 Internal Standards are added to all standards and extracts to result in 40ng injected 
onto the column. For example, if the volume of an extract used was 200 uL, 20 
uL of a 400 ug/mL internal standard solution would be added for a 1 @ injection. 

7.3 

7.4 

7.5 

7.6 

7.7 

.- 

Surrogate Standard Spiking Solution: Prepare as indicated in the preparative 
methods. See appropriate preparation SOP. Surrogate compounds and levels are 
listed in Table 11. 

GUMS Tuning Standard: A methylene chloride solutiortcontaining 50 pg!rnL of 
decafluorotriphenylphosphine (DFTPP) is prepared. Pentachlorophenol, benzidine, 
and DDT, should also be included in the Tuning Standard at 50 ug/rnL. 

Laboratory Control Spiking Solution: Prepare as indicated in the preparative methods. 
See appropriate preparation SOP. LCS compounds and levels are listed in Tables 9 
and 10. 

Matrix Spike Solution: Prepare as indicated in the preparative methods. See 
preparation SOP. The matrix spike compounds and levels are the same as the LCS 
compounds. 

The standards listed in 7.1 to 7.6 should be refrigerated at 5 6°C when not in use. 
Refrigeration at -1O’C to -2O’C may be used if it can be demonstrated that analytes do 
not fall out of solution at this temperature. The standards must be replaced at least 
once a year. The continuing calibration standard must be replaced every week and is 
stored at 5 6°C. 

8 SAMPLE PRESERVATION AND STORAGE 

8.1 Reference appropriate facility SOP for sample bottle preservation and storage. 

8.2 Samples are stored at 4 k 2°C. Samples and extracts should be stored in suitable 
glass containers with Teflon lined caps. (Extracts will normally be stored for 30days 
after invoicing.) 

8.3 Water samples are extracted within seven days of sampling and the extracts are 
analyzed within forty days of extraction. Solids, sludges, and organic liquids are ex- 
tracted within fourteen days of sampling and the extracts are analyzed within forty 
days of extraction. 

9 QUALITY CONTROL 

9.1 Initial Demonstration of Capability 

9.1.1 For the standard analyte list, the initial demonstration and method detection limit 
(MDL) studies described in section 13 must be acceptable before analysis of 
samples may begin. Refer to the flow chart in section 17.4.1. 
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9.1.2 For non-standard analytes an MDL study should be performed and calibration 
curve generated before analyzing any samples, unless lesser requirements are 
previously agreed to with the client. In any event, the minimum initial 
demonstration required is analysis of an extracted standard at the reporting limit 
and a single point calibration. 

9.2 Control Limits 

In-house historical control limits must be determined for surrogates, matrix spikes, 
and laboratory control samples (LCS). These limits must be determined at least 
annually. The recovery limits are mean recovery +/- 3 standard deviations for 
surrogates, MS and LCSPrecision limits for matrix spikes / matrix spike duplicates 
are mean relative percent difference +/- 3 standard deviations. 

9.2.1 These limits do not apply to dilutions (except for tests without a separate 
extraction), but surrogate and matrix spike recoveries will be reported unless the 
dilution is more than 5X. 

9.2.2 All surrogate, LCS, and MS recoveries (except for dilutions) must be entered into 
QuantJMS (when available) or other database so that accurate historical control 
limits can be generated. For tests without a separate extraction, surrogates and 
matrix spikes will be reported for all dilutions. A~ 

9.2.3 Refer to the QC program document (QA-003) for further details of control limits. 

9.3 Method Blank 

A method blank is prepared and analyzed with each batch of samples. The method 
blank consists of reagent water for aqueous samples, and sodium sulfate for soil 
samples (Refer to SOP No. CORP-OP-0001 for details). Surrogates are added and 
the method blank is carried through the entire analytical procedure. ‘The method 
blank must not contain any analyte of interest at or above the reporting limit (except 
common laboratory contaminants, see below) or at or above 5% of the measured 
concentration of that analyte in the associated samples, whichever is higher. 

l If the analyte is a common laboratory contaminant (phthalate esters), the data may 
be reported with qualifiers if the concentration of the analyte is less than five 
times the RL. Such action must be taken in consultation with the client. 

l Reanalysis of any samples with reportable concentrations of analytes found in the 
method blank is required unless other actions are agreed with the client. 

l If there is no target analyte greater than the RL in the samples associated with an 
unacceptable method blank, the data may be reported with qualifiers. Such action 
should be taken in consultation with the client. 

_ 
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9.3.1 The method blank must have acceptable surrogate recoveries. If surrogate 
recoveries are not acceptable, the data must be evaluated to determine if the 
method blank has served the purpose of demonstrating that the analysis is free of 
contamination. If surrogate recoveries are low and there are reportable analytes in 
the associated samples, m-extraction of the blank and affected samples will 
normally be required. Consultation with the client should take place. 

9.3.2 If reanalysis of the batch is not possible due to limited sample volume or others 
constraints, the method blank is reported, all associated samples are flagged with 
a “B”, and appropriate comments may be made in a narrative to provide further 
documentation. 

9.3.3 Refer to the Quanterra QC Program document (QA-003) for further details of the 
corrective actions. 

9.3.4 Sample results are NOT blank subtracted unless specific requests and 
arrangements have been made with a client or agency. 

9.4 Instrument Blank 

9.4.1 Instruments must be evaluated for contamination during each 12 hour analytical 
run. This may be accomplished by analysis of a method blank. If a method blank 
is not available, an instrument blank must be analyzed. An instrument blank 
consists of methylene chloride with the internal standards added. It is evaluated 
in the same way as the method blank. 

9.5 Laboratory Control Sample (LCS) 

9.5.1 A laboratory control sample (LCS) is prepared and analyzed with every batch of 
samples. All analytes must be within established control limits. The LCS is 
spiked with the compounds listed in Tables 9 and 10 unless specified by a client 
or agency. The compounds must be spiked at a concentration equivalent to 100 or 
150 ng on-column depending on the analyte. 

95.2 If any analyte in the LCS is outside the laboratory established historical control 
limits, corrective action must occur. Corrective action may include m-extraction 
and reanalysis of the batch. 

l If the batch is not re-extracted and reanalyzed, the reasons for accepting the 
batch must be clearly presented in the project records and the report. (An 

example of acceptable reasons for not reanalyzing might be that the matrix 
spike and matrix spike duplicate are acceptable, and sample surrogate 
recoveries are good, demonstrating that.the problem was confined to the 
LCS). 
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. If m-extraction and reanalysis of the batch is not possible due to limited 
sample volume or other constraints, the LCS is reported, all associated 
samples are flagged, and appropriate comments are made in a narrative to 
provide further documentation. 

9.53 Ongoing monitoring of the LCS provides evidence that the laboratory is 
performing the method within accepted QC guidelines for accuracy and precision. 

9.6 Matrix Spike/Matrix Spike Duplicate (MWMSD) 

A matrix spike/matrix spike duplicate (MSIMSD) is prepared and analyzed with 
every batch of samples. Tbe MS/MSD is spiked with the same subset of analytes as 
the LCS (See Tables 9 and 10). Compare the percent recovery and relative percent 
difference (RF’D) to that in the laboratory specific historically generated limits. 

l If any individual recovery or RPD falls outside the acceptable range, corrective 
action must occur. The initial corrective action will be to check the recovery of 
that analyte in the Laboratory Control Sample (LCS). Generally, if the recovery 
of the analyte in the LCS is witbin limits, then the laboratory operation is in 
control and analysis may proceed. The reasons for accepting the batch must be 
documented. 

l If the recovery for any component is outside QC limits for both the Matrix spike I 
spike duplicate and the LCS, the laboratory is out,of control and corrective action 
must be taken. Corrective action will normally include repreparation and 
reanalysis of the batch. 

. If a MSJMSD is not possible due to limited sample, then a LCS duplicate should 
be analyzed. RPD of the LCS and LCSD are compared to the matrix spike limits. 

l The matrix spike I duplicate must be analyzed at the same dilution as the unspiked 
sample, even if the matrix spike compounds will be diluted out. 

9.7 Surrogates 

9.7.1 Every sample, blank, and QC sample is spiked with surrogate standards. 
Surrogate spike recoveries must be evaluated by determining whether the 
concentration (measured as percent recovery) falls within the required recovery 
limits. Surrogate compounds must be spiked at either 100 or 150 ng on-column, 
depending on the surrogate. The compounds routinely included in the surrogate 
spiking solution, along with recommended standard concentrations, are listed in 
Table 11. 

9.7.2 If any surrogates are outside limits the following corrective actions must take -. 
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place (except for dilutions): 

. Check all calculations for error. 

. Ensure that instrument performance is acceptable. 

l Recalculate the data and/or reanalyze the extract if either of the above checks ,’ 
reveal a problem. 

l Re-extract and reanalyze the sample or flag the data as “Estimated 
Concentration” if neither of the above resolves the problem. 

The decision to reanalyze or flag the data should be made in consultation with the 
client. It is only necessary to reprepare / reanalyze a sample once to demonstrate 
that poor surrogate recovery is due to matrix effect, unless the analyst believes 
that the repeated out of control results are not due to matrix effect. 

9.7.3 If the sample with surrogate recoveries outside the recovery limits was a sample 
used for an MS/MSD and the surrogate recoveries in the MS/MSD are also 
outside of the control limits, then the sample, the MS, and the MSD do not require 
reanalysis as this phenomenon would indicate a possible matrix problem. 

9.7.4 If the sample is reanalyzed and the surrogate recoveries in the reanalysis are 
acceptable, then the problem was within the analyst’s control and only the 
reanalyzed data should be reported. (Unless the reanalysis was outside holding 
times, in which case reporting both sets of results may be appropriate.) 

9.7.5 If the reanalysis does confirm the original results, the original analysis is reported 
and the data flagged as estimated due to matrix effect. 

9.8 Nonconformance and Corrective, Action 

9.8.1 Any deviations from QC procedures must be documented as a nonconformance, 
with applicable cause and corrective action approved by the facility QA Manager. 

9.9 Quality Assurance Summaries 

Certain clients may require specific project or program QC which may supersede 
these method requirements. Quality Assurance Summaries should be developed to 
address these requirements. 

9.10 Quanterra QC Program 

Further details of QC and corrective action guidelines are presented in the Quanterra 
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QC Program document (QA-003). Refer to this document if in doubt regarding 
corrective actions. 

10 CALIBRATION AND STANDARDIZATION 

10.1 summary 

10.1.1 The instrument is tuned for DFTPP, calibrated initially with a five-point 
calibration curve, and verified each 12-hour shift with one or more continuing 
calibration standard(s). Recommended instrument conditions are listed in Table 
5. 

10.2 All standards and extracts are allowed to warm to room temperature before injecting. 

10.3 Instrument Tuning 

At the beginning of every twelve hour shift when analyses are to be performed, the 
GCYMS system must be checked to see if acceptable performance criteria (Table 6) is 
achieved for DPTPP (decafluorotriphenylphosphine). 

10.3.1 Inject 50 ng of the GC/MS tuning standard (Section 7.4) into the GC/MS system. 
Obtain a background-corrected mass spectra of DFIPP and confirm that all the 
key m/z criteria in Table 6 are achieved. If all the criteria are not achieved, the 
analyst must retune the mass spectrometer and repeat the test until all criteria are 
achieved. The performance criteria must be achieved before any samples, blanks, 
or standards are analyzed. 

10.3.2 The GC/MS tuning standard should also be used to evaluate the inertness of the 
chromatographic system. Benzidine and pentachlorophenol should not exhibit 
excessive tailing. If DDT is an analyte of interest, it must be included in the 
tuning standard, and its breakdown must be < 20%. Refer to section 12 for the 
appropriate calculations. 

10.4 Initial Calibration 

10.4.1 Internal Standard Calibration Procedure: Internal standards are listed in Table 7. 
Use the base peak m/z as the primary m/z for quantitation of the standards. If 
interferences am noted, use one of the next two most intense masses for 
quantitation. 

10.4.2 Compounds should be assigned to the IS with the closest retention time. 

10.4.3 Prepare calibration standards at a minimum of five concentration levels for each 
parameter of interest. Six standards must be used for a quadratic least squares 
calibration. It may also be useful to analyze six calibration levels and use the 
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lower five for most analytes and the upper five for analytes that have poor 
response. Add the internal standard mixture to result in 40 ng on column. (For 
example, if the volume of the calibration standard used is 1 mL, add 100 uL of 
the 400 @nL internal standard solution for a 1 pL injection). The concentrations 
of all analytes are listed in tables 12 and 13. 

10.4.4 Analyze each calibration standard and tabulate the area of the primary charac- 
teristic m/z against concentration for each compound and internal standard. 
Calculate response factors (RF), average response factors, and the percent RSD of 
the response factors for each compound using the equations in section 12 and 
verify that the CCC and SPCC criteria in section 10.4.5 and 10.4.6 are met. No 
sample analysis may be performed unle~ these criteria are met. 

10.45 System Performance Check Compounds (SPCCs): The minimum average RF for 
semivolatile SPCCs is 0.050. If the minimum response factors are not met, the 
system must be evaluated and corrective action must be taken before sample 
analysis begins. Some possible problems are standard mixture degradation, 
injection port inlet contamination, contamination at the front end of the analytical 
column, and active sites in the column or chromatographic system. This check 
must be met before analysis begins. 

SPCC Compounds: 

N-nitroso-di-n-propylamine 
Hexachlorocyclopentadiene 
2,4-Dinitrophenol 
4-Nitrophenol 

10.4.6 Calibration Check Compounds (CCCs): The %RSD of the response factors for 
each CCC in the initial calibration must be less than 30% for the initial calibration 
to be considered valid. This criterion must be met before sample analysis begins. 
Problems similar to those listed under SPCCs could affect this criterion. 

10.4.6.1 If none of the CCCs are required analytes, project specific calibration 
specifications must be agreed with the client. 

10.4.6.2 CCC Compounds: 

Phenol 
Acenaphthene 
1,4-Dichlorobenzene 
N-nitrosodiphenylamine 
ZNitrophenol 
Pentachlorophenol 
2,4-Dichlorophenol 
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Fluoranthene 
Hexachlorobutadiene 
Di-n-octylphthalate 
4-Chloro-3-methylphenol 
Benxo(a)pyrene 
2,4,6-Trichlorophenol 

10.4.7 If the average of all %RSDs in the initial calibration is 5 15%. then all analytes 
may use average response factor for calibration. 

10.4.7.1 

10.4.7.2 

If the software in use is capable of routinely reporting curve coefficients 
for data validation purposes, and the necessary calibration reports can be 
generated, then the analyst should evaluate analytes with %RSD > 15% 
for calibration on a curve. If it appears that substantially better accuracy 
would be obtained using quantitation from a curve then the appropriate 
curve should be used for quantitation. 

If the average of all the %RSDs in the initial calibration is > 15%. then 
calibration on a curve must be used for those analytes with %RSD > 15%. 
Linear or quadratic curve tits may be used. Use of l/Concentration2 
weighting is recommended to improve the accuracy of quantitation at the 
low end of the curve. The analyst should consider instrument maintenance 
to improve the linearity of response. If Relative Standard Error (RSE) is 
used to evaluate the curve it must be better than 15%. Otherwise the 
correlation coefficient (coefficient of determination for non-linear curves) 
must be 2 0.990. 

- 

lQ.4.g Weighting of data points 

In a linear or quadratic calibration tit, the points at the lower end of the calibration 
curve have less weight.in determining the curve generated than points at the high 
concentration end of the curve. However, in environmental analysis, accuracy at 
the low end of the curve is very important. For this reason it is preferable to 
increase the weighting of the lower concentration points. l/Concentration 
weighting (often called l/X* weighting) will improve accuracy at the low end of 
the curve and should be used if the data system has this capability. 

10.4.9 If time remains in the 12 hour period initiated by the DFTPP injection before 
the initial calibration, samples may be analyzed. Otherwise, proceed to 
continuing calibration. 
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10.4.10 Quantitation is perfomwd using tbe calibration curve or average response 
factor form the initial curve, not the continuing calibration. 

10.5 Continuing Calibration 

10.5.1 At the start of each 12-hour period, the GUMS tuning standard must be analyzed. 
A 50 ng injection of DFlPP must result in a mass spectrum for DFfPP which 
meets the criteria given in Table 6. 

10.52 Following a successful DPTPP analysis the continuing calibration standard(s) are 
analyzed. The standards must contain all semivolatile analytes, including all 
required surrogates. A mid level calibration standard is used for the continuing 
calibration. 

105.3 The following criteria must be met for the continuing calibration to be acceptable: 

l The SPCC compounds must have a response factor of 2 0.05. 

l The percent difference or drift of the CCC compounds from the initial 
calibration must be 5 20%. (see section 12 for calculations) In addition, the 
percent difference or drift of all analytes must be 5 50%, with allowance being 
made for up to six target compounds to have percent drift greater than 50%. 

l The internal standard response must be within M-200% of the response in the 
mid level of the initial calibration. 

l The internal standard retention times must be within 30 seconds of the retention 
times in the mid-level of the initial calibration. 

10:5.3.1 If none of the CCCs are required analytes, project specific calibration 
specifications must be agreed with the client. 

10.5.4 Once the above criteria have been met, sample analysis may begin. Initial 
calibration average RFs (or the calibration curve) will be used for sample 
quantitation, not the continuing calibration RFs. Analysis may proceed until 12 
hours from the injection of the DFTPP have passed. (A sample injected less than 
12 hours after the DFTPP is acceptable.) 

11 PROCEdURE 

11.1 Sample Preparation 

Samples are prepared following SOP CORP-OP-OOill. 
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11.2 Sample Analysis Procedure 

11.21 Calibrate the instrument as described in section 10. Depending on the target 
compounds required by the client, it may be necessary to use more than one 
‘calibration standard. 

11.2.2 All samples must be analyzed using the same instrument conditions as the 
preceeding continuing calibration standard. 

11.2.3 Add internal standard to the extract to result in 40 ng injected on column (for 
example, 50 uL internal standard solution in 0.5 mL of extract for a 1 uL 
injection). Mix thoroughly before injection into the instrument. 

11.2.4 Inject the sample extract into the GCA4S system using the same injection 
technique as used for the standards. 

11.2.5 The data system will determine the concentration of each analyte in the extract 
using calculations equivalent to those in section 12. Quantitation is based on the 
initial calibration, not the continuing calibration. 

11.2.6 Identified compounds are reviewed for proper integration. Manual integrations 
are performed if necessary and are documented by the analyst or automatically by 
the data system. 

- 

11.2.7 Target compounds identified by the data system are evaluated using the criteria 
listed in section 12.1. 

11.2.8 Library searches of peaks present in the cbromatogram that are not target 
compounds (Tentatively Identified Compounds, TIC) may be performed if 
required by the client. They are evaluated using the criteria in section 12.3.. 

11.3 Dilutions 

If the response for any compound exceeds the working range of the GUMS system, a 
dilution of the extract is prepared and analyzed. An appropriate dilution should be in 
the upper half of the calibration range. Samples may be screened to determine the 
appropriate dilutton for the initial run. If the initial diluted run has no hits or hits 
below 20% of the calibration range and the matrix allows for analysis at a lesser 
dilution, the sample must be reanalyzed at a dilution targeted to bring the largest hit 
above 50% of the calibration range. 

11.3.1 Guidance for Dilutions Due to Matrix 

If the sample is initially run at a dilution and the baseline rise is less than the -. 
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height of the internal standards, or if individual non-target peaks are less than two 
times the height of the internal standards, the sample should be reanalyzed at a 
more concentrated dilution. This requirement is approximate and subject to 
analyst judgement. For example, samples containing organic acids may need to 
be analyzed at a higher dilution to avoid destroying the column. 

11.3.2 Reporting Dilutions 

The most concentrated dilution with no target compounds above the calibration 
range will be reported. Other dilutions will only be reported at client request. 

11.4 Perform all qualitative and quantitative measurements. When the extracts are not 
being used for analyses, refrigerate them at 4 k 2’C, protected from light in screw cap 
vials equipped with unpierced Teflon lined septa. 

11.5 Retention time criteria for samples 

If the retention time for any internal standard changes by more than 0.5 minutes from 
the last continuing calibration standard, the chromatographic system must be 
inspected for malfunctions and corrected. Reanalysis of samples analyzed while the 
system was malfunctioning is required. 

11.5.1 If the retention time of any internal standard in any sample varies by more than 
0.1 minute from the preceeding continuing calibration standard, the data must be 
carefully evaluated to ensure that no analytes have shifted outside their retention 
time windows. 

11.6 Percent Moisture 

Analytical results may be reported as dry or wet weight, as required by the client. 
Percent moisture must be determined if results will be reported as dry weight. Refer 
to the facility specific SOP for determination of percent moisture. 

11.7 Procedural Variations 

11.7.1 One-time procedural variations are allowed only if deemed necessary in the 
professional judgment of supervision to accommodate variation in sample matrix, 
radioactivity, chemistry, sample size, or other parameters. Any variation in 
procedure shall be completely documented using a Nonconformance Memo and 
approved by a Technical Specialist and QA Manager. If contractually required, 
the client shall be notified. The Nonconformance Memo shall be filed in the 
project tile. Any unauthorized deviations from this procedure must also be 
documented as a non-conformance, with a cause and corrective action described. 
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11.8 Troubleshooting Guide 

11.8.1 Daily Instrument Maintenance 

In addition to the checks listed in the instrument maintenance schedule in the 
Quanterra QAMP, the following daily maintenance should be performed. 

l Clip Column as necessary. 

. Install new or cleaned injection port liner as necessary. 

l Install new septum as necessary. 

. Perform mass calibration as necessary. 

11.8.2 Major Maintenance 

A new initial calibration is necessary following major maintenance. Major 
maintenance includes changing the column, cleaning the ion volume or 
repeller, cleaning the source, and replacing the multiplier. Refer to the 
manufacturer’s manual for specific guidance. 

12 DATA ANALYSIS AND CALCULATIONS 

12.1 Qualitative identification 

An analyte is identified by retention time and by comparison of the sample mass 
spectrum with the mass spectrum of a standard of the suspected compound (standard 
reference spectrum). Mass spectra for standard reference may be obtained on the 
user’s GCh4S by analysis of the calibration standards or from the NBS library. Two 
criteria must be satisfied to verify identification: (1) elution of sample component at 
the same GC retention time as the standard component; and (2) correspondence of the 
sample component and the standard component characteristic ions. (Note: Care must 
be taken to ensure that spectral distortion due to co-elution is evaluated.) 

l The sample component retention time must compare to within f 0.2 min. of 
the retention time of the standard component. For reference, the standard 
must be run within the same twelve hours as the sample. 

l All ions present in the standard mass spectra at a relative intensity greater than 
10% (most abundant ion in the spectrum equals 100%) should be present in 
the sample spectrum. 

l The characteristic ions of a compound must maximize in the same scan or 

-, 

--. 
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within one scan of each other. 

. The relative intensities of ions should agree to within &SO% between the 
standard and sample spectra. (Example: For an ion with an abundance of 
50% in the standard spectra the corresponding sample abundance must be be- 
tween 20% and 80%) 

12.1.1 If a compound cannot be verified by all the above criteria, but in the technical 
judgment of the analyst the identification is correct, the analyst shah report that 
identification and proceed with quantitation. 

12.2 Mass chromatogram searches. 

Certain compounds are unstable in the calibration standard and cannot be calibrated 
in the normal way. In particular, the compound hexacNorophene (CAS 70-30-4) falls 
into this category, and is required for Appendix IX analysis. For this analyte a mass 
chromatogram search is made. 

12.2.1 HexacNorophene 

Display the mass chromatograms for mass 196 and mass 198 for the region of the 
chromatogram from at least 2 minutes before chrysene-d12 to at least 4 minutes 
after chrysene-d12. If peaks for both ions coincide then the analyst evaluates the 
spectrum for the presence of hexachlorophene. No quantitation is possible. 

12.3 For samples containing components not associated with the calibration standards, a 
library search may be made for the purpose of tentative identification. The necessity 
to perform this type ‘of identification will be determined by the type of analyses being 
conducted. Computer generated library search routines should not use normalization 
routines that would misrepresent the library or unknown spectra when compared to 
each other. Only after visual comparison of sample spectra with the nearest library 
searches shall the mass spectral interpretation specialist assign a tentative 
identification. Guidelines for making tentative identification are: 

l Relative intensities of major ions in the reference spectrum (ions >lO% of the 
most abundant ion) should be present in the sample spectrum. 

l The relative intensities of the major ions should agree within 520%. (Example: 
For an ion with an abundance of 50% in the standard spectrum, the corresponding 
sample ion abundance should be between 30%and 70%.) 

l Molecular ions present in the reference spectrum should be present in the sample 
spectrum. 

l Ions present in the sample spectrum, but not in the reference spectrum, should be 
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reviewed for possible background contamination or presence of coeluting com- 
pounds. 

. Ions present in the reference spectrum, but not in the sample spectrum, should be 
reviewed for possible subtraction from the sample spectrum because of back- 
ground contamination or coeluting peaks. Data system library reduction 
programs can sometimes create these discrepancies. 

l Automatic background subtraction can severely distort spectra from samples with 
unresolved hydrocarbons. 

12.4 Anyone evaluating data is trained to know how to handle isomers with identical mass 
spectra and close elution times. These include: 

Dichlorobenzenes 
Methylphenols 

Trichlorophenols 
Phenanthrene, .anthracene 

Pluoranthene, pyrene 
Benzo(b) and (k)fluoranthene 
Chrysene, benzo(a)anthracene 

Extra precautions concerning these compounds are to more closely scrutinize 
retention time vs. the calibration standard and also to check that all isomers have 
distinct retention times. 

A second category of problem compounds would be the poor responders or 
compounds that chromatograph poorly. Included in this category would be: 

Benzoic acid 
Chloroanilines 
Nitroanilines 

2,4-Dinitrophenol 
4-Nitrophenol 

Pentachlorophenol 
3,3’-Dichlorobenzidine 

Benzyl alcohol 
4,6-Dinitro-2-methylphenol 

~Mar&ally checking the integrations would be’appropriate for these compounds. 
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12.5 Calculations 

12.51 Percent Relative Standard Deviation for Initial Calibration 

RF = Mean of RPs from intial caibration for a compound 

SD = Standard deviation of RPs from initial calibration for a compotmd, 

RFi = RF for each of the calibration levels 

N = Number of RF values 

12.5.2 Continuing calibration percent drift 

Catit = Known concentration in standard 

C+d = Measured concentration using selected quantitation method 

12.5.3 Concentration in the extract 

The concentration of each identified analyte and surrogate in the extract is 
‘calculated from the linear or quadratic curve fitted to the,initial calibration points, 
or from the average RF of the initial calibration. 

12.5.3.1 Average response factor 

If the average of all the %RSDs of the response factors in the initial 
calibration is 5 15%, the average response factor from the initial calibration 
may be used for quantitation. 

. I  
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12.5.3.2 Linear fit 

C,= Concentration in extract, ~ghnL 

RF Response for analyte 

Ris= Response for internal standard 

CT,= Concentration of internal standard 

A= Intercept 

B= Slope- 

12.5.3.3 Quadratic fit 

C<z= A+B(T)+C(T) 

C= Curvature 



GUMS ANALYSIS BASED ON METHOD 827OC SOP No: CORP-MS-0001 
Revision No: 2 
Revision Date: 12/15/97 
Page 2s of 54 

12.5.4 The concentration in the sample is then calculated. 

12.5.4.1 Aqueous Calculation 

Concentration, .ug / L = - 
vo 

V, = Volume of total extract, pL, taking into account dilutions 
(i.e., a l-to-10 dilution of a 1 mL extract will mean V, = 10,000 
FL. If half of the base/neutral extract and half of the acid 
extract are combined, V, = 2,000.) 

V, = Volume of water extracted (mL) 

12.5.5 Sediment/Soil, Sludge (on a dry-weight basis) and Waste (normally on a wet- 
weight basis: 

GIVI 
Concentration, rug/kg = we 

I 

W, = Weight of sample extracted or diluted in grams 

D = (100 - % moisture in sample)/lOO, for a dry weight basis 
or 1 for a wet weight basis 

12.6 MS/MSD percent recovery calculation. 

Matrix Spike Recovery = 
SSR - SR 

X100% - 
SA 

SSR = Spike sample result 

SR=Sample result 

& = Spike added 
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12.7 Relative % Difference calculation for the MS/?&SD 

RPD= 
MSR-MSDn 

xl00 
112( MSR+MSD.Q) 

RPD = Relative percent difference 

MSR = Matrix spike result 

MSDR = Matrix spike duplicate result 

12.8 Relative response factor calculation. 

ApArea of the characteristic ion for the compound being 
measured 

ApArea of the characteristic ion for the specific internal 
standard 

C=Concentration of the compound being measured @g/L) 

CiS =Concentration of the specific internal standard @g/i) 

12.9 Calculation of TICS: The calculation of TICS (tentatively identified compounds) is 
identical to the above calculations with the following exceptions: 

A,=Area of the total ion chromatogram for the compound 
being measured 

Ats=Area of the total ion chromatogram for the nearest internal 
standard without interference 

RP=l 

12.10 Percent DDT breakdown 

% DDT breakdown = 
DDEarea + DDDarea 

DDTarea + DDEarea + DDarea 

The total ion current areas are used for this calculation 
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13 METHOD PERFORMANCE 

13.1 Method Detection Limit 

Each laboratory must generate a valid method detection limit for each analyte of 
interest. The MDL must be below the reporting limit for each analyte. The 
procedure for determination of the method detection limit is given in 40 CFR Part 
136, Appendix B, and further defined in QA Policy #: QA-005. 

13.2 Initial Demonstration 

Each laboratory must make an initial demonstration of capability for each individual 
method. Demonstration of capability for both soil and water matrices is required. 
This requires analysis of QC check samples containing all of the standard analytes for 
the method. For some tests it may be necessary to use more than one QC check mix 
to cover all analytes of interest. 

13.2.1 Four aliquots of the QC check sample are analyzed using the same procedures 
used to analyze samples, including sample preparation. The concentration of the 
QC check sample should be equivalent to the level 4 calibration standard. 

13.2.2 Calculate the average recovery and standard deviation of the recovery for each 
analyte of interest. Compare these results with the acceptance criteria given in 
table 14. 

13.2.3 If any analyte does not meet the acceptance criteria the test must be repeated. 
Only those analytes that did not meet criteria in the first test need to be evaluated. 
Repeated failure for any analyte indicates the need for the laboratory to evaluate 
the analytical procedure and take corrective action. 

13.3 Non-standard analytes 

For non-standard analytes, an MDL study must be performed and calibration curve 
generated before analyzing any samples, unless lesser requirements are previously 
agreed to with the client. In any event, the minimum initial demonstration required is 
analysis of an extracted standard at the reporting limit and a single point calibration. 

13.4 Training Qualification 

The group/team leader has the responsibility to ensure that this procedure is 
performed by an analyst who has been properly trained in its use and has the required 
experience. 
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13.5 Data Quality Objectives (DQO). Refer to project-specific Quality Assurance plans 
for DQO information. 

14 POLLUTION PREVENTION 

14.1 This section is not applicable to this procedure. 

15 WASTE MANAGEMENT 

15.1 Waste generated during aliquotting and from used vials must be disposed of in 
accordance with the facility hazardous waste procedures. The Health and Safety 
Director should be contacted if additional information is required. 

16 REFERENCES 

16.1 SW846, Test Methods for Evaluating Solid Waste, Third Edition, Update II, October 
1994, Semivolatile Organic Compounds by Gas Chromatography/Mass Spectrometry 
(GC/MS): Capillary Column Technique, Method 8270B. 

16.2 J. W. Eichelberger, L. E. Harris, and W. L. Budde, “Reference Compound to 
Calibrate Ion Abundance Measurement in Gas Chromatography/Mass Spectrometry,” 
Analytical Chemistry, 47,995 (1975) 

17 MISCELLANEOUS 

17.1 Modifications from Reference Method 

17.1.1 A retention time window of 0.2 minutes is used for all components, since some 
data systems do not have the capability of using the relative retention time units 
specified in the reference method. 

17.1.2 The quantitation and qualifier ions for some compounds have been changed from 
those recommended in SW-846 itt order to improve the reliability of qualitative 
identification. 

17.2 Modifications from Previous Revision 

17.2.1 This SOP has been substantially revised to meet the requirements of method 
8270C. 

17.2.2 Directions for analysis be method 625 have been added as an attachment. 

17.3 Facility Specific SOPS 

Each facility shall attach a list of facility specific SOPS or approved attachments (if - 
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applicable) which are required to implement this SOP or which are used in 
conjunction with this SOP. If no facility specific SOPS or amendments are to be 
attached, a statement must be attached specifying that there are none. 

17.4 
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Tables 

Table 1 

Qumtem Primary Standard’ and Standard Reporting Limits 

Pyridine 
N-nitmsodimethylamine 
Aniline 
Phenol 
Bis(2-chloroethyl)ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Benzyl alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
2,2’-oxyhis(l-chloropropane)2 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitroknzene 
Isophorone 
2-Niuophenol 
2,4-Dimethylphenol 
Benzoic acid 
Bis(2-chloroethoxy)methane 
2,4-Dichlorophenol 
1.2,4-Trichlorohenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalcne 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethyl phthalate 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,CDinitrophenol 
4-Nitrophenol 
Dihenz&tran 
2,CDinitrotoluene 
2,6-Dinitrotoluene 
Diethylphthalate 

CAS Number 

110-86-l 
62-75-9 
62-53-3 
108-95-2 
111-44-4 
95-57-x 
541-73-l 
106-46-7 
100-51-6 
95-50-l 
95-48-7 
108-60-l 
106-44-5 
621-64-7 
67-72-l 
98-95-3 
78-59-l 
88-75-5 
105-67-9 
65-85-O 
111-91-I 
120-83-2 
120-82-l 
91-20-3 
106-47-8 
87-68-3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 
95-95-4 
91-58-7 
88-74-4 
131-11-3 
208-96-g 
99-09-2 
83-32-9 
51-28-5 
100-02-7 
132-64-9 
121-14-2 
606-20-2 
84-66-2 

Standard porting Limits 
Aqueous Low Soil/Sediment 

+ 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

.lO 
10 
50 
10 
10 
10 
10 
10 
10 
10 
10 
50 
10 
10 
10 
50 
10 
10 
50 
10 
50 
50 
10 
10 
10 
10 

330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
1600 
330 
330 
330 
330 
330 
330 
330 
330 
1600 
330 
330 
330 
1600 
330 
330 
1600 
330 
1600 
1600 
330 
330 
330 
330 

.-, 
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Table 1 

Qunnterrs Primpry Standard’and Standard Reporting Limits 

4-Chlorophenyl phenyl ether 
FlUOre”e 

4-Nitroaniline 
4,6-Diniuo-2methylphenol 
N-Niuosodiphenylamine 
AZOk”Ze”e 

4-Bromophenyl phenyl ether 
Hexachlorobenzene 
~entachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butyl phthalate 
PlUOK3”the”e 

Be&dine 
PyTene 
Butyl benzyl phthalate 
3.3’-Dichlorobenzidine 
Benzo(a)anthracene 
Bis(2-ethylhexyl)phthalate 
Chrysene 
Di-n-octylphthalate 
Benzo(b)fl”oranthene 
Be”zo(k)fluoranthe”e 
Benzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenz(a,h)antbracene 

’ The Quanterra primary standard is the standard normally used at Quanterra. Additional standards, such as the 
Appendix IX standard may he necessary to include all target analytes required for some clients. 

2,2’oxybis(l-chloropropane) was formally known as bis(2-chloroisopropyI)ether 
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Table 2 

Quantem Appendix IX’ Standard Reporting Limits 

Semivolatiles 

2-Picoline 
N-Nitrosomethylethylamine 
Methyl methanesulfonate 
N-Niuoscdiethylamine 
Ethyl methanesulfonate 
Pentachloroethane 
Acetophenone 
N-Niuosopyrrolidine 
N-Nitrosomorpholine 
o-Toluidine. 
3-Methylphenol 
N-Nitrosopiperidine 
o,o.o-Triethyl-Phosphorothioate’ 
a,a-Dimethyl-phenethylamine 
2,6-Dichlorophenol 
Hexachloropropene 
p-Phenylenediamine 
n-Nitrosodi-n-butylamine 
Safrole 
1,2,4,5-Teeachlorobenzene 
Isosafrole 
1,4-Dinitrobenzene 
1 A-Naphthoquinone 
1.3-Dinitiobenzene 
Pentachlorobenzene 
1-Naphthylatnine 
2-Naphthylatnine 
2,3,4.6-Tetrachlorophenol 
S-Nitro-o-toluidine 
Thionazin’ 
1,3,5-Trinitrobenzene 
Sulfotepp2 
Phorate’ 
Phenacetin 
Diallate’ 
Dimethoate’ 
4-Aminobiphenyl 
Pentachloronivobenzene 
Pronamide 
Disulfoton’ 
2-secbutyl-4,6-dinitphenol (Dinoseb) 
Methyl Parathion’ 
4-Nitroquinoline-l-oxide 

CAS Number 

109-06-E 
10595-95-6 

66-27-3 
55-18-5 
62-50-O 
76-01-7 
98-86-2 
930-55-Z 
59-89-2 
95-53-4 
108-39-4 
loo-754 
126-68-1 
122-09-8 
87-65-O 

1888-71-7 
106-50-3 
924-16-3 
94-59-7 
95-94-3 
120-58-l 
100-25-4 
130-15-I 
99-65-O 

608-93-5 
134-32-7 
91-59-8 
58-90-Z 
99-55-8 

297-97-2 
99-354 

3689-24-5 
298-02-Z 
62-44-Z 

2303-16-I 
60-51-5 
92-67-l 
82-68-8 

23950-58-S 
298-044 
88-85-7 
298-00-O 
56-57-5 
56-38-2 

Standa 
Aqueous 

--Y+ 
10 
10 
10 
10 
50 
10 
10 
10 
20 
10 
10 
50 
50 
10 
100 
100 
10 
20 
10 
20 
10 
50 
10 
10 
10 
10 
50 
20 
50 
50 
50 
50 
20 
20 
20 
50 
50 
20 
50 
20 
50 
100 
50 

Reportini Limits 
Low SoWSediment 

w&8 
660 
330 
330 
330 
330 
1600 
330 
330 
33.0 
660 
330 
330 
16QO 
1600 
330 

3300 
3300 
330 
660. 
330 
660 
330 
1600 
330 
330 
330 
330 
1600 
660 
1600 
1600 
1600 
1600 
660 
660 
660 
1600 
1600 
660 
1600 
660 
1600 
3300 
1600 
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Table 2 

Quanterra Appendix IX’ Standard Reporting Limits 

Mdthapyrilene 
Aramite 
Isodrit? 
Kepone’ 
Fampho? 
p-(Dimethylamino)azobenzene 
p-Chlorobenzilate’ 
3,3’-Dimethylbetuidine 
2-Acetylaminotluorene 
Dibenz(aj)actidine 
7,12-Dimethylbenz(a)anthracene 
3-Methylcholaothrene 

CAS Number 

91-80-5 
140-57-8 
465-73-6 
143-50-O 
52-85-7 
60-11-7 
510-15-6 
119-93-7 
53-96-3 
224-42-O 
57-97-6 
56-49-5 

Standard Reporting Limits 
Low Soil/Sediment Aqueous 

Id- 
50 
20 
10 
100 
100 
20 
IO 
50 
100 
20 
20 
20 

I@% 
1600 
660 
330 
3300 
3300 
660 
330 
1600 
33M) 
660 
660 
660 

I The Appendix IX standard contains additional analytes required for the Appendix IX list. The Quanterra 
primary standard must also be analyzed to include all of the Appendix IX list. 

2 May also be analyzed by method 8140 or 8141, which can achieve lower reporting limits. 

3 
May also be analyzed by method 8080 or 8081, which can achieve lower reporting limits 
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Table 3 

Reportable Andy&s for Qumtem Standard Tests, Pr’immy Standard 

CAS Number Quanterra 
Standard List 

rcLp 
x 

X 

X 

X 

X 
X 

X 

X 
X 

X 

TCL 

Pytidine 
N-niuosodimethylamine 
Aniline 
Phenol 
Bis(2-chloroethylWhfx 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Benzyl alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
2,2’-oxybis( l-chloropropane)’ 
4-Methylphenol 
N-Niuoso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Niuophenol 
2,CDimethylphenol 
Benzoic acid 
Bis(2-chloroethoxy)methane 
2,CDichloropbenol 
1,2,4-Ttichlorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorohutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentiene 
2,4,6-Trichlorophenol 
2.45Trichlorophenol 
2Chloronaphthalene 
2-Nitroaniline 
Dimethyl phthalate 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitiophenol 
4-Nitrophenol 
Dibenzofuran 
2A-Diniuotoluene 
2.6-Dinitrotoluene 
Diethylphthalate 
4-Chlorophenyl phenyl ether 
Fluorene 

110-86-I 
62-75-9 

62-53-3 
108-95-2 

111-44-4 
95-57-a 

541-73-I 

106-46-7 
100-51-6 
95-50-1 
95-48-7 

180-60-l 
106-U-S 
621-64-l 
67-72-l 

98-95-3 
78-59-l 
88-75-S 

105-67-9 
65-85-O 
111-91-I 
120-83-2 

120-82-l 
91-20-3 
106-47-g 
87-68-3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 

95-95-t 
91-58-7 
88-74-t 
131-11-3 
208-96-S 
99-09-2 
83-32-9 
5 l-28-5 
100-02-7 
132-64-9 
121-14-2 
606-20-2 

84-66-2 

7005-72-3 
86-73-7 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X. 
X 
X 
x 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X - 
X 
X 

4ppendix IX 

x 
x 

X 
X 
X 

X 
X 
X 

X 
X 
X 
X 

X 

X 
X 

X 
X 
X 

X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 

X 
x 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 

X 

X 

CY-Y7&? 
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Table 3 

Reportable Analytes for Quanterra Standard Tests, Primary Standard 

4-Nitroaniline 
4,6-Dinitrc-2-methylphenol 
N-Nitroscdiphenylamine 
Azolwlzene4 
4-Bromophenyl phenyl ether 
Hexachlorobenzene 
Pentacblorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butyl phtbalate 
Fluoranthene 
Benzidine 
PyrelIe 
Butyl benzyl phthalate 
3,3’-Dichlorobenzidine 
Benzo(a)anthracene 
Bis(2-ethylhexyl)phthalate 
Chsysene 
Di-n-wtylphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 

’ 2,2’oxybis(l-chloropropane) was fpmully known as bis(2-chloroisopropy1)eth.x 

’ Azobenzene is formed by d&omposition of 1.2-diphenlyhydrazine. If 1.2-diphenylhydrazine is requested, it will 
he analyzed as azobenzene. 
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Table 4 

Reportable amlytes for Quanterra Standard Tests, Appendix M Standard 

Semivolatiles 

2-Picoline 
N-Nitrosomethylethylamine 
Methyl methanesulfonate 
N-Nitrosodiethylamine 
Ethyl methanesulfonate 
PentachIoroethane 
Acetophenone 
N-Niaosopyrrolidine 
N-Nitrosomorpholine 
o-Toluidine 
3-Methylphenol 
N-Nitrosopiperidine 
o,o,o-Triethyl-Phosphorothioate2 
a.a-Dimethyl-phenethylamine 
2,6-Dichlorophenol 
Hexachloropropene 
p-Phenylenediamine 
n-Nitrosodi-n-butylamimine 
Safrole 
1,2,4,5-Teuachlorobenzene 
ISOSafr0l~ 
1,4-Diniuobenzene 
1,4-Naphthoquinone 
1,3-Dinitroknzene 
Pentachlorobenzene 
1-Naphthylamine 
2-Naphthylamine 
2,3,4,6-Teuachlorophenol 
5-Nitro-o-toluidine 
Thionazin2 
1.3.5-Triniuobenzene 
Sulfotepp2 
Phorate2 
Phenacetin 
Diallate 
Dimetho& 
4-Aminobiphenyl 
Pentachloroniuobenzene 
Pronamide 
Disulfcax? 
2-secbutyl-4,6-dinitphenol 
(Dinoseb)2 
Methyl p,aratbion2 
4-Niuoquinoline-l-oxide 
Parathion2 

CAS Number 

109-06-S 
10595-95-6 

66-27-3 
55-18-5 
62-50-o 
76-01-7 
98-86-2 
930-55-2 
59-89-2 
95-53-4 
108-39-4 
100-75-4 
126-68-l 
122-09-S 
87-65-O 

1888-71-7 
106-50-3 
924-16-3 
94-59-7 
95-94-3 
120-58-I 
100-25-4 
130-15-4 
99-65-O 
608-93-5 
134-32-7 
91-59-S 
58-90-2 
99-55-S 
297-97-2 
99-35-4 

3689-24-5 
298-02-2 
62-44-2 

2303-16-4 
60-5 l-5 
92-67-l 
82-68-8 

23950-58-5 
298-04-4 
88-85-7 

298-00-O 
56-57-5 
56-38-2 

Quantem 
Standard List 

- 

Appendix IX 
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Table 4 

Reportable analytes for Qumtem Standard Tests, Appendix IX Standard 

Mefhapyrilene 
‘4r.mite 
p-(Dimethylamino)azobenzene 
pChlorobenzilate3 
3,3~Dimethylbenzidine 
2-Acetylaminofluorene 
Dibenz(a&cridine 
7,12-Dimethylbenz(a)anthracene 

2 May also be analyzed by method 8140 or 8141, which can achieve lower reporting limits. 

3 May also be analyzed by method 8080 or 8081, which can achieve lower reporting limits 

Hexachlorophene is a required analyte for Appendix IX. This compound is not stable, and therefore not 
included in the calibration standard. The characteristic ions for hexachlorophene are searched for in the 
chromatogram. (See section 12.2.1) 

5 Diphenylamine is a required compound for Appendix IX. N-nitrosodiphenylamine decomposes in the injection 
port to form diphenylamine. Thereforcthese two compounds cannot be distinguished. Diphenylamine is not 
included in the calibration standard. 
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Table 5 

suggested Illstmmental conditions 

Mass Range 
Scan Time 
Initial Column TemperahwYHold Time 
Column Temperature Program 
Final Column TemperatuWHold Time 

Injector Temperature 
Transfer Line Temperature 
Source Temperature 

Injector 
Sample Volllme 
Carrier Ga. 

35-500 amu 
51 secondkcan 
40°C for 2 minutes 
40 - 320°C at 11 .S’C/min 
32O’C (until at least one ,minute after 
banzo(g,h,i)perylene has eluted) 
250 - 300°C 
250 - 300°C 
According to manufacturer’s 
specifications 
Grab-type. split I splitless 
1 or2pl 
Helium at 30 cmkec 

Table 6 

DF’l’PP Key Ions and Ion Abundance Criteria 

Ion Abundance Criteria 
30 - 60% of mass 198 

~2% of mass 69 
~2% of mass 69 

40 - 60% of mass 198 
197 <l% of mass 198 

Base peak, 100% relative abundance 
5 - 9% of mass 198 

10 - 30% of tiss 198 
>I% ofmass 198 

441 Present, but less than mass 443 
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Table 7 

Amdytes in Approximate Retention Time Order and Characteristic Ions, Primary Standard 

AnalyE 

N-nitmsodimethylamine 
Pyridine 
2-Fhoropbenol (Surrogate Standard) 
Phenol& (Surrogate Standard) 
Aniline 
Phenol 
Bis(2-chloroethyl)etbeher 
2-Chlorophenol 
1,3-Dichlorobcnzene 
1,4-Dicblorobenzene-d4 (Internal 
Standard) 
1,4-Dicblorobenzene 
Benzyl Alcohol 
1 ,ZDichlorobenzene 
2-Methylphenol 
2.2’~oxybis( 1-chloropropane)’ 
4-Methylphenol 
N-Niuoso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene-d5 (Surrogate 
Standard) 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,CDimethylphenol 
Benzoic Acid 
Bis(2-chloroethoxy)methane 
2.4-Dichlorophenol 
1.2.4~Trichloroknzene 
Naphthahe-d8 (Internal Standard) 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Metbylnaphthalene 
Hexachlorocyclopentiene 
2,4,6-Trichlorophenol 
2.4,5-Ttichlorophenol 
2-Fluorobipbenyl (Surrogate 
Standard) 
2-Chloronaphthalene 
2-Nitmaniline 
Dimethylphthalate 
Acenaphthylene 
2.6-Dinitrotoluene 

Primary 

74 
79 
112 
99 
93 
94 
93 
128 
146 
152 

146 
108 
146 
108 
45 
108 
70 
117 
82 

77 
82 
139 
107 
122 
93 
162 
180 
136 
128 
127 
225 
107 
142 
237 
196 
196 
172 

162 
65 
163 
152 
165 

Secondary 
42 
52 
64 
42 
66 
65 
63 
64 
148 
150 

148 
79 
148 
107 
77 
107 
42 
201 
128 

123 
95 
65 
121 
105 
95 
164 
182 
68 
129 
129 
223 
144 
141 
235 
198 
198 
171 

164 
92 
194 
151 
63 

T.Xtiaty 

63 
71 

66 
95 
130 
113, 
115 

113 
77 
113 
79 
79 
79 

101,130 
199 
54 

65 
138 
109 
122 
77 
123 
98 
145 
54 
127 
65 
227 
142 
115 
272 
200 
200 
170 

127 
138 
164 
153 
89 
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Table 7 

Adytcs in Approximate Ret&on Time Order and Cbamctetitlc Ions, primary Standard 

Acenaphthene-dl0 (Internal 
StMdWJ) 
3-Nitroaniline 
Acenaphthene 
2,CDinitrophenol 
Dibenzofwan 
4-Nitrophenol 
2,CDiniuotoluene 
Diethylphthalate 
Fluorene 
4-Chlorophenylphenylether 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine 
2,4,6-Tribmmopbenol (Surrogate 
Standard) 
Azobenzene 
4-Bromophenylphenylether 
Hexachlorobenzene 
Pentachlorophenol 
Phenantbrene-dl0 (Internal 
Standard) 
Phenanthrene 
Anthracene 
Carhazole 
Di-n-butylphthalate 
Fluoranthene 
Benzidine 

I Pyrene 
Terpbeoyl-d14 (Surrogate Standard) 
Butylbenzylphthalate 
Benzo(a)Anthracene 
Chrysene-dl2 (Internal Standard) 
3,3’-Dichlorobenzidine 
Chrysene 
Bis(2-ethylhexyl)phthalate 
Di-n-octylphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Perylene-dlt (Internal Standard) 
Indeno(!.2.3-cd)pyrene 
Dibenz(a.h)anthracene 

primary 
164 

Secondary 
162 

Tertiary 
160 

138 108 92 
153 152 154 

184 63 154 
168 139 84 
109 139 65 
165 63 89 

149 177 150 
166 165 167 
204 206 141 
138 92 108 
198 182 77 
169 168 167 
330 332 141 

77 182 105 
248 250 141 
284 142 249 
266 264 268 
188 94 80 

178 179 116 
178 179 176 
167 166 139 
149 150 104 
202 101 100 
184 92 185 
202 101 100 
244 122 212 
149 91 206 
228 229 226 
240 120 236 
252 254 126 
228 226 229 
149 167 279 
149 167 43 
252 253 125 
252 253 125 
252 253 125 
264 260 265 
276 138 277 
278 139 279 
276 138 277 



GUMS ANALYSIS BASED ON METHOD 827OC SOP No: CORP-MS-0001 
Revision No: 2 
Revision Date: 12115l97 
Page 41 of 54 

Table 8 

Analytes in Approximate Retention Time Order and Characteristic Ions, Appendix IX Standard 

I Primwv I sPcnndm.J I Teniarv 

2-Picoline 
N-Niuosomethylethylamine 
Methyl methanesulfonate 
N-Nitrosodiethylamine 
Ethyl methattesulfonate 
Pentachloroethane 
Acetophenone 
N-Niuosopyrrolidine 
N-Nitrosotnorpholine 
o-Toluidine 
3-Methylphenol 
N-Nitrosopiperidine 
o,o,o-Triethyl-Phosphorothioate 
a,a-Dimethyl-phenethylamine 
2,6-Dichlorophenol 
Hexachloropropene 
pPhenylenediamine 
n-Nitrosodi-n-butylamine 
Safrole 
1.2.4.5Tetrachlorobenzene 
tsosafro1e 1 
Isosafrole 2 
1,4-Dinitrobenzene 
1.4-Naphthoquinone 
1.3-Dinitrobenzene 
Pentachlorobenzene 
I-Naphthylamine 
2-Naphthylamine 
2,3.4,6-Tetrachlorophenol 
5.Nitro-o-toluidine 
Thionazin 
1.35Trinitrobenzene 
Sulfotepp 
Phorate 
Phenacetin 
Diallate 
Dimethoate 
&Aminobiphenyl 
Pentachlproniuobenzene 
Pronamide 
Disulfoton 
2-secbutyl-4,6-dinitophenol (Dinoseb) 
Methyl parathion 

_ . . ..-. -___..-- 

93 66 
88 42 
80 79 
102 44 
79 109 
117 119 
105 17 
100 41 
116 56 
106 107 
108 107 
114 42 
198 121 
58 91 
162 164 
213 215 
108 80 
84 57 
162 104 
216 214 
162 104 
162 104 
168 IS 
158 104 
168 75 
250 248 
143 115 
143 115 
232 230 
152 17 
97 96 
213 IS 
97 322 
75 97 
108 179 
86 234 
87 93 
169 
237 142 
173 175 
88 97 
211 163 
109 125 

I-Niuoquinoline-l-oxide 
kathion 
‘rnArin 

190 128 
I 109 I 97 

an, LL 

--...- 
92 
43 
65 
57 
97 
167 
120 
42 
86 

77 
55 
93 

63 
211 

41 
77 
218 
131 
131 
122 
102 
76 

252 

131 
106 
143 
120 
202 
121 
109 

125 

214 
255 
89 
147 
263 
160 
291 
.,.T 
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Table 8 

Analytes in Appmximate Retention Time Order and Cbamctetislic Ions, Appendix IX Standard 

Table 9 

827OC LCS Compounds 

LCS Compounds Spiking Level. n&L in extract’ 
1.2.4-Trichlorobenzene 100 
Acenapbtbene loo 

/ l(10 

N-Niuoso-di-n-propylamine 
1.4-Dichlorobenzene 

I 100 
100 

I 150 I 

2-Chlorophenol 
4-Chloro-3-methylphenol 
4-Nitrophenol 

I 150 
150 

I 150 

’ Levels are 50 and 75 n&L if 2 pL injection is used 
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Table 10 

TCLP LCS Compounds 

’ Levels are 50 ng&L if 2 pL injection is used 

Recovery limits for the LCS and for manix spikes are generated from historical data and are maintained by the QA 
department. 

Table 11 

8270C Surrogate Compounds 

9 Surrogate Compounds Spiking Level,,ng/pL in extract2 
Niuobenzene-d5 100 
2-Fluorobiphenyl 100 

1M 

I 100 

’ Included in standard mix, but nbt routinely evaluated for method 8270B 

’ Levels are 50 and 75 ng/pL if 2 pL injection is used 

Recovery limits for surrogates are generated from historical data and are maintained by the QA department. 
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Pyridine 
N-nitroscdimethylamine 
Aniline 
Phenol 
Bis(2-chioroethyl)ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Benzyl alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
2,2’-oxybis(l-chloropropane)’ 
l-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
kophorone 
2-Nitrophenol 
ZA-Dimethylphenol 
Benzoic acid 
Bis(2-chloroethoxy)methane 
2,4-Dichlorophenol 
I ,2,4-Trichlorobenzene 
Vaphthalene 
GChloro+ine 
Hexachlorobutadiene 
l-Chloro-3-methylpheno! 
2-Methylnaphthalene 
Hexachlorocyclopentadadiene 
2,4,6-Trichlorophenol 
2.4.5Trichlorophenol 
2-Chloronaphthalene 
I-Nitroaniline 
Dimethyl phthalate 
4cenaphthylene 
3-Nitroaniline 
4cenaphthene 
!,4-Dinitrophenol 
I-Nitrophenol 
Xbenzofuran 
!A-Diniuotoluene 
!.6-Dinitrotoluene 
kthylphthalate 
Whlorophenyl phenyl ether 
iluorene 

! 10 20 so loll 
10 20 so 100 
10 20 SO 100 
10 20 SO 100 
10 20 SO 100 
10 20 SO loo 
10 20 so loo 
10 20 SO 100 
10 20 SO 100 
10 20 SO 100 
10 20 SO 100 
10 20 SO 100 
10 20 SO 100 
10 20 SO .I00 
10 20 SO 100 
10 20 so 100 
10 20 SO loo 
10 20 SO loo 
10 20 SO 100 
20 SO 100 2ca 
10 20 SO 100 
10 20 SO 100 
10 20 SO 100 
10 20 SO 100 
10 20 SO 100 
10 20 SO 100 
10 20 SO 100 
10 20 so loo 
10 20 SO 100 
10 20 SO 100 
10 20 SO 100 
10 20 SO 100 
20 SO 100 200 
10 20 SO 100 
10 20 SO 100 
20 SO 100 200 
10 20 SO 100 
20 SO 100 200 
20 SO 100 200 
10 20 SO 100 
10 20 SO 100 
10 20 SO loo 
10 20 SO 100 
10 20 SO 100 
10 20 SO 100 

.^^ 

160 
160. 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
320 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160. 
160 
320 
160 
160 
320 
160 
320 
320 
160 
160 
160 
160 
160 
160 
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Calibration Levels, Primary Standa+, &mL 

’ 2,2’oxybis(l-chloropropane) was formally known as bis(2-chloroisopropyI)ether 

‘Azobenzene is formed by decomposition of 1.2-diphenlyhydrazin. If 1,2-diphenylhydrazine is requested. it will 
be analyzed as azobenzene. 

,-. 
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Table 13 

Calibration Levels, Appendix IX Sta~~aprd, pg/mL 

-_ _. _ -_ .  -  

2-Picoline IO 20 50 100 160 
N-Nitrosomethyletbylamine 10 20 50 100 160 
Methyl metbanesulfonate 10 20 50 100 160 
N-Nitrosodiethylamin 10 20 50 100 160 
Ethyl methanesulfonate 10 20 50 100 160 
P~tltaChlC%C”%hatX 10 20 50 100 160 
Acetophenone 10 20 50 100 160 
N-Niuosopyrrolidine 10 20 50 100 160 
N-Nitrosomotpholine 10 20 50 100 160 
o-Toluidine 10 20 50 100 160 
3-Metbylphenol 10 20 50 100 160 
N-Nitrosopiperidine 10 20 50 100 160 
o,o,o-Triethyl-Phosphorothioate 20 50 100 200 320 
a,a-Dimethyl-phenethylamitte 10 20 50 100 160 
2,6-Dichlorophenol 10 20 50 loo 160 
Hexachloropropene 20 50 100 200 320 
pPhenylenediamine 10 20 50 100 160 
n-Nitrosodi-n-hutylamine 10 20 50 100 160 
Safrole 10 20 50 100 160 
1,2,4,5-Teuachlorohenzene 10 20 50 100 160 
Isosafiole 1 + 2 20 50 100 200 320 
1,4-Dinitrobenzene 10 20 50 100 160 
1,4-Naphthoquinone 10 20 50 100 160 
1,3-Diniuobenzene 10 20 50 100 160 
Pentachlorobenzene 10 20 50 100 160 
1-Naphthylamine 10 20 50 100 160 
2-Naphtliylamine 10 20 50 100 160 
2,3,4,6-Tetrachlorophenol 10 20 50 100 160 
5-Nitro-o-toluidine 10 20 50 100 160 
Thionazin 10 20 50 100 160 
1,3,5-Trinitrobenzene 20 50 100 200 320 
Sulfotepp 10 20 50 100 160 
Phorate 10 20 50 1M) 160 
Phenacetin 10 20 50 1OfJ 160 
Diallate I + 2 20 50 100 200 320 
Dimethoate 10 20 50 100 160 
4-Aminobiphenyl 10 20 54 100 160 
Pentachloronivobenzene 20 50 100 200 320 
Pronamide~ 10 20 50 100 160 
Disulfotqn 10 20 50 100 160 
2-secbutyl-4,6-dinitrophenol (Dinoseb) 20 50 100 200 320 
Methyl parathion 10 20 50 100 160 
4-Niuoquinoline-l-oxide 20 40 100 200 320 
Parathion 10 20 50 100 160 
Isodrin 10 20 50 100 160 
KP”““P --., 
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Table 13 

Calibration Lev$.s, Appendix IX Standard, pg/d 

Table 14 
Initial demonstration recovery and precision limits 

I .  
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Table 14 
I&lal demon&ration recovery and precision limits 

‘Since the organochlorine pesticides and PCBs are normally determined by method 8080 at Quanterra, they will not 
be included in the initial demonstration of capability for method 8270B. 

cc/-470 
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18 
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REQUIREMRNTS FOR METHOD 625 

18.1 Method 625 is required for demonstration of compliance with NPDES wastewater 
discharge permits. The standard analyte list and reporting limits are listed in Table 
A-l. 

‘18.2 This method can be applied only to aqueous matrices. 

18.3 The tune neriod for this method is defined as 24 hours. 

18.4 Initial calibration curve requirements: 

18.4.1 The initial calibration curve for this method requires at least three points. 

18.4.2 Target compounds must have RSD < 35%. 

18.4.3 If this requirement can not be met, a regression curve must be constructed for the 
non-compliant compounds. 

18.5 Continuina calibration verification requirements: All target compounds must have 
%D 220%. 

18.6 Matrix Spike and LCS requirements: 

18.6.1 A full analyte spike is required for method 625. The spiking levels are given in 
Table A-2. 

-. 
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Phenol 108-95-2 
Bis(2-chloroethyl)ether 111-44-4 
2-Chlorophenol 95-57-8 
1,3-Dichlorohenzene 541-73-I 
1,4-Dichloroknzene 106-46-7 
1,2-Dichlorobenzene 95-50-l 
2,2’-oxybis(l-chloropropane) 108-60-I 
N-Nitroso-di-n-propylamine 621-64-7 
Hexachloroethane 67-72-l 
Nibobenzene 98-95-3 
Isophorone 78-59-l 
2-Nitrophenol 88-75-5 
2,CDimethylphenol 105-67-g 
Bis(Z-chloroethoxy)methane 111-91-I 
2,CDichlorophenol 120-83-2 
1,2,4-Trichlorobenzene 120-82-I 
Naphthalene 91-20-3 
Hexachlorobutadiene 87-68-3 
4-Chloro-3-methylphenol 59-50-7 
Hexachlorocyclopentadiene 77-47-4 
2,4,6-Trichlorophenol 88-06-2 
2-Chloronaphthalene 91-58-7 
Dimethyl phthalate 131-11-3 
Acenaphthylene 208-96-S 
Acenaphthene 83-32-9 
2,4-Diniuophenol 51-28-5 
4-Nitrophenol 100-02-7 
2,CDinitrotoluene 121-14-2 
2,dDinitrotoluene 606-20-2 
Diethylphthalate 84-66-2 
4-Chlorophenyl phenyl ether 7005-72-3 
Fluorene 86-73-7 
4,6-Dinitro-2-methylphenol 534-52-l 
N-Nitrosodiphenylamine 86-30-6 
4-Bromophenyl phenyl ether 101-55-3 
Hexachlorobenzene 118-74-l 
Pentachlorophenol 87-86-5 
Phenanthrene 85-01-S 
Anthracene 120-12-7 
Di-n-butyl phthalate 84-74-2 
Ruomnthene 206-44-O 
Benzidine 92-87-5 
Pymle 129-00-O 
Buy1 hazy1 phthalate 85-68-7 
3.3’-Dicblorobenzidine 91-94-I 

CAS Number Aqueous 

--YF 
10 
10 
10 
10 
10 
IO 
IO 
10 
10 
10 
10 
IO 
IO 
10 
10 
10 
10 
IO 
50 
IO 
IO 
10 
10 
,lO 
50 
50 
IO 
IO 
10 
10 
10 
50 
IO 

‘10 
10 
50 
IO 
10 
10 
10 
100 
IO 
10 
50 
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Analytes CAS Number Aqueous 

Benzo@)anthmcene 56-55-3 
Bis(2-ethylhexyl)phthalate 117-81-7 
chlysene 218-01-9 
Di-n-octylphthalate 117-84-o 
Benzo(b)fluorattthene 205-99-2 
Benzo(k)fluoranthene 207-08-9 
Benzo(a)pyrene 50-32-g 
Indeno(l,2,3-cd)pyrene 193-39-s 
Dibetu(a,h)antbracene 53-70-3 
Benzo(g,h,i)perylene 191-24-2 
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Table A3 Method 623 LCS and MS compoun& and spike comentmtioiw. 

LCS Compounds 
Phenol 
Bis(2-chl~roathy1)e.t 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
2,2’-oxybis(l-chloropropane) 
,N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2A-Dimethylphenol 
Bis(2-chloroethoxy)methane 
2,CDichlorophenol 
1,2.4-Ttichlorobenzene 
Naphthalene 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
Hexachlorocyclopentiene 
2,4,6-Trichlorophenol 
2-Chlomnaphthalene 
Dimethyl phthalate 
Acenaphthylene 
Acenaphthene 
2,4-Dinitrophenol 
4-Niuophenol 
2,4-Dinitrotoluene 
2.6-Dinitrot&uene 
Diethjlphthalate 
4-Chlorophenyl phenyl ether 
Fluorene 
4.6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamk 
4-Bromophenyl phenyl ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-butyl phthalate 
Fluoranthene 
Benzidine 
Pyrene 
Butyl benzyl phthalate 
3,3’-Dichlorobenzidine 
Benzo(a)anthracene 
Bic(2-ethvlhPrvl~nhth=l=,~ 

Spiking Level, ng/pL in extract’ 
100 
100 
loo 
100 
IGil 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
loo 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
loo 
100 
100 
100 
100 
100 
100 
loo 
100 
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LCS Compounds 
cluysetw 
Di-n-cctylphthalate 
Betuo@)fluoranthene 
Benzo(k)fluoranthcne 
Betuo(a)pyrene 
Indeno(l.2.3-cd)pynn 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

I Levels are 50 and 75 n&L If 2 pL Injection Is used 

Spiking Level. ng/pL in extract’ 
100 
100 
loo 
loo 
100 
,100 100 

100 
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2. 

3. 

4. 

5. 

SCOPE AND APPLICATION 

This SOP describes procedures for analysis of organic analytes by Gas Chromatography (GC). The 
procedures are based Ott SW-846 methodology and are applicable for measurements made to comply with 
the Resource Conservation and Recovery Act (RCRA). Individual analytes and methods are described in 
the appendices. 

SUMMARY OF METHOD 

In general, semivolatile analytes in aqueous samples are prepared for analysis king continuous or 
separatoty funnel liquid I liquid extraction 01 solid phase extraction (SOP #CORP-OP-0001) Solid samples 
are prepared using sonication. Soxhlet or pressurized fluid exuaction (SOP # CORP-OP-0001). Volatile 
analytes are prepared for analysis using purge and trap methodology (Appendix A). 

After the initial preparation step, the sample is introduced to the GC and concentrations of target analytes 
are measured by the detector response within a defined retention time window. relative to the response to 
standard concen~ations. Internal or external standardization procedures are used as specified in the method 
appendices. 

DEFINITIONS 

Deiinitions of terms used in this SOP may be found in the glossary of the Quality Assurance Management 
Plan (QAMP). 

INTERFERENCES 

Contamination by carryover can occur when a low concen~ation sample is analyzed after a high 
concentration sample. In addition. some purge and trap autosamplers are susceptible to port specific 
contamination. Co-elution of target analytes with non-targets can occur. resulting in false positives or 
biased high results. In particular, this is a problem with non-selective detectors such as the Flame Ionization 
Detector (FID). See the appendices for interferences specific to individual tests and suggested corrective 
actions. 

SAFETY 

5.1. Procedures shall be carried out in a manner that.pmtects the health and safety of all Qpanterra associates. 
The following requirements must be met: 

Eye protection that satisfies ANSI 287.1 (as per the Chemical Hygiene Plan), laboratory coat, and 
appropriate gloves must he worn while samples, standards, solvents, and reagents are being handled. 
Disposable gloves that have become contaminated will be removed and discarded; other gloves will be 
cleaned immediately. Refer to the Quanterra Chemical Hygiene plan for a complete description of 
personal protection equipment. 

The health and safety hazards of many of the chemicals used in this procedure have not been fully 
defined. Additional health and safety information can be obtained from the MSDS tiles maintained in 
the laboratory. Specific hazards are covered in the appendices. 

5.1.1. Opened containers of neat standards will be handled in a funk hood. 

6. EQUIPMENT AND SUPPLIES 

An analytical system complete with B gas chromatograph is required. A data system capable of measuring 
peak area and/or height is required. Recommended equipment and supplies for individual methods are 
listed in each method appendix. 

CY -5-m 
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1. REAGENTS AND STANDARDS 

7.1. Stock Standards 

Stock standards are purchased as certiiied solutions or prepared from pore solutions. Stock standards 
for method 8021B are stored at -10 to -20°C. Other stock Staodard solutions are stored at ~6’6°C. All 
stock standards must be protected from light. Stock standard solutions should be brought to room 
tetnperanue before using. 

Semivolatile stock standard solutions most be replaced after one year. Stock standards of gases must 
be replaced at t every week, unless the acceptability of the standard is demonstrated (Less than 20% 
drift from the initial calibration.). Other volatile stock standards roust be replaced every 6 or sooner if 
comparison with check standards prepared from an independent source indicates a problem. 

7.1.1. Expiration times for all standards are measured from the time the standard is prepared or from the 
time that the standard ampoule is opened, if the standard is supplied in a sealed ampoule. If a 
vendor supplied standard has an earlier expiration date then that date is used. 

7.2. Calibration Standards 

7.2.1. Volatile Calibration Standards 

The procedure for preparation of volatile standards is given in Appendix A. 

7.2.2. Semivolatile Calibration Standards 

Semivolatile calibration standards are prepared as dilutions of the stock standards. Surrogates and 
internal standards are used as specified in the method appendices. Semivolatile calibration 
solutions must be refrigerated at <6T and protected from light. The standards must be replaced at 
least every six months or sooner if comparison with check standards indicates a problem. 

7.3. Gases for carrier and make-up: Hydrogen, Helium, Nitrogen, Argon/Methane. 

7.4. Quality control (QC) Standards 

QC standards (matrix spiking and LCS standards) are prepared and stored in the same way as 
cal,ibration standards. They must be made from a stock independent from the calibration stadards. 

8. SAMPLE PRESERVATION AND STORAGE 

Semivolatile extracts must be refrigerated at <6”C and analyzed within 40 days of the start of the exuaction. 
Volatile sample storage conditions and holding times are given in Appendix A. 

9. QUALITY CONTROL 

9.1. Initial Demonstration of Capability 

9.1.1. For the standard analyte list, the initial demonstration and method detection limit (MDL) studies 
described in section 13 must be acceptable before analysis of samples may begin. 

9.1.2. For non-standard analytes, a MDL study must be performed and calibration curve generated before 
analyzing any samples, unless lesser requirements are previously agreed to with the client, In any 
event the minimum initial demonstration required is analysis of an extracted standard at the 
reporting limit and a single point calibration. 

.- 
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9.2. Batch Definition 

Batches are defined at the sample preparation stage. Batches should be kept together through the 
whole analytical process as far as possible, hut it is not mandatory to analyze prepared extracts on the 
sami immtment or in tbe same sequence. Refer to the Quanterra QC Rogram document (QA-003) for 
further details of tbe batch definition. 

9.2.1. Quality Control Batch 

The batch is a set of up to 20 samples of the same matrix processed using tbe same procedures and 
reagents within the same time period. The Quality Control hatch must contain a matrix spike / 
spike duplicate (MS/MSD), a Laboratory Control Sample (LCS), and a method blank. Laboratory 
generated QC samples (Blank, LCS, MSIMSD) do not count towards the maximum 20 samples in 
a batch. Field QC samples are included in the batch count. In some cases, at client request, the 
MS/MSD may be replaced with a matrix spike and sample duplicate. If insufticient sample is 
available for an MS/MSD a LCSD may be substituted. 

9.3. Control Limits 

In-house historical control limits must be determined for surrogates, matrix spikes, and laboratory 
control samples (LCS). These limits must be determined at least semi-annually. The recovery limits 
are mean recovery +/- 3 standard deviations, unless that limit is tighter than the calibration criteria, in 
which case limits may be widened. Refer to policy QA-003 for more details. 

9.3.1. These limits do not apply to dilutions (except for tests without a separate extraction). but surrogate 
and matrix spike recoveries will be reported unless the dilution is more than 5X. 

9.3.2. All surrogate, LCS, and MS recoveries (except for dilutions) must be entered into QuantIMS 
(when available) or other database so that accurate historical control limits can be generated. For 
tests without a separate extraction, surrogates and mauix spikes will be reported for all dilutions. 

9.3.3. Refer to tbe QC Program document (QA-003) for further details of control limits. 

9.4. Surrogates 

&ll methods must use surrogates to the extent possible. Surrogate recoveries in samples and QC 
samples must be assessed to ensure that recoveries are within established limits. If any surrogates are 
outside limits, the following corrective actions must take place (except for dilutions): 

. 

. 

. 

. 

. 

9.4.1. 

Check all calculations for error. 

Ensure that instrument performance is acceptable. 

Recalculate the data and/or reanalyze the extract if either of the above checks reveal a problem. 

Reprepare and reanalyze the sample or flag the data as “Estimated Concentration” if neither of the 
above resolve;the problem. Repreparation is not necessary is there is obvious chromatographic 
inteiference. 

The decision to reanalyze or tlag the data should be made in consultation with the client. It is only 
necessary to reprepare I reanalyze a sample once to demonstrate that poor surrogate recovery is 
due to matrix effect, unless the analyst believes that the repeated out of control results are not due 
to matrix effect. 

If dual column analysis is used the choice of which result to report in made in the same way as for 
samples (Section 12.1.2) unless one column is out of control, in which case the in control result is 
reported. 

-. 
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9.4.2. If the surrogates are ottt of control for the sample, matrix spike, and matrix spike duplicate, then 
matrix effect has been demonstrated for that sample and repreparation is not necessary. If the 
sample is out of control and the MS andlor MSD is in control, then repreparation or flagging of the 
data is required. 

9.4.3. Refer to the Qoanterra’QC Program document (QA-003) for further details of.the corrective 
actions. 

9.5. Method Blanks 

For each batch of samples, analyze a method blank. The method blank consists of reagent water for 
aqoeoos semivolatile samples, and sodium sulfate for semivolatiles soils tests (Refer to SOP No. 
CORP-OP-WOI for details). For low level volatile% the method blank consists of reagent water. For 
medium level volatile& the method blank consists of methanol as described in Appendix A. 
Surrogates are added and the method blank is carried through the entire analytical procedure. The 
method blank must not contain any analyte of interest at or above the reporting lit (except common 
laboratory contaminants, see below) or at or above 5% of the measured concentration of that analyte in 
the associated samples, whichever is higher. 

If the analyte is a common laboratory contaminant (methylene chloride, acetone, 2-butanone, phthalate 
esters.) the data may be repotted with qualifiers if the concentration of the analyte is less than five times 
the reporting limit. Such action must be taken in consultation with the client. 

Re-extraction and reanalysis of samples associated with an unacceptable method blank is required when 
reportable concentrations are determined in the samples. 

If there is no target atlalyte greater than the RL in the samples associated with an unacceptable method 
blank, the data may be reported with qualifiers. Such action should be taken in consultation with the 
client. 

9.5.1. Refer to the Quanterra QC Program document (QA-003) for further details of the corrective 
actions. 

9.6.1. An instrument blank must be analyzed during any 12 how period of analysis that does not contain 
a method blank. 

9.6.2. An instrument blank consists of the appropriate solvent with internal standards added. If internal 
standards are not used the surrogates should be added. 

9.6.3. Control criteria are the same as for the method blank. except that only reanalysis of affected 
samples would be required. not re-extraction. 

9.7. Laboratory Control Samples (LCS) 

For each batch of samples, analyze a LCS. The LCS contains a representative subset of the analytes of 
interest, and must contain the same analytes as the matrix spike. The LCS may also contain the full set 
of analytes. If any analyte or surrogate is outside established control limits. the system is out of control 
and corrective action must occur. Corrective action will normally be repreparation and reanalysis of 
the batch; however. if the matrix spike and matrix spike duplicate are within limits, the batch may be 
acceptable. 

9.7.1. Refer to the Quanterra QC Program document (QA-003) for further details of the corrective action. 



GAS CHROMATOGRAPHIC ANALYSIS BASED ON 
METHOD SOOOB, SW-846 

SOP No. CORP-GC-0001 
Revision No. 4 
Revision Date: 02/13/98 
Page 8 of 22 

9.7.2. If doal column analysis is used the choice of which result to report in made in the same way as for 
samples (Sectioo 12.1.2) unless one column is out of control. in which case the in conUol result is 
repotted. 

9.7.3. LCS compound lists are included in the appendices. 

9.7.4. If full aoalyte spike lists are used at client request, it will be necessary to allow a percentage~of the 
components to be outside control limits as this would be- expected statistically. These requirements 
should be negotiated with the client. 

9.8. Math. Spikes 

For each QC batch, analyze a matrix spike and matrix spike duplicate. Spiking compounds and levels 
are given in the appendices. Compare the percent recovery and relative percent difference (RPD) to 
those in the laboratory specific historically generated limits. 

. 

. 

. 

. 

9.8.1. 

If any individual recovery or RPD falls outside the acceptable range, corrective action must occut. 
The initial corrective action will be to check the recovery of that analyte in the Laboratory Control 
Sample (LCS). Generally, if the recovery of the analyte in the LCS is within limits, then the 
laboratory operation is in control and analysis may proceed. 

If the recovery for any component is outside QC limits for both the Matrix spike I spike duplicate 
and the LCS, the laboratory is out of control and corrective action most be taken. Corrective 
action will normally include repreparation and reanalysis of the batch. 

If a MS/MSD is not possible due to limited sample, then a LCS duplicate should be analyzed. 

The mattix spike I duplicate most be analyzed at the same dilution as the unspiked sample, unless 
the matrix spike cotnponents would then be above the calibration range. 

If dual colomn analysis is used the choice of which result to report in made in the same way as for 
samples (Sectiod 12.1.2) unless one column is out of control, in which case the in control result is 
reported. 

9.9. Quality Assurance Summaries 

Certain clienti may require specific project or program QC which may supersede these method 
requirements. Quality Assurance Summaries should be developed to address these requirements. 

9.10. Quanterra QC Program 

Further details of QC and corrective action guidelines are presented in the Quanterra QC Program 
document (QA-003). Refer to this do=cument if in doubt regarding corrective actions. 

10. CALIBRATION AND STANDARDIZATION 

Internal or external calibration may be used. Internal calibration is recommended unless the sample matrix 
is likely to interfere with the quantitation of the internal standard. In either event prepare standards 
containing each analyte of interest at a minimum of five concentration levels. The low level standard 
should be at or below the repotting limit. The other standards define the working range of the detector. 
Recommended calibration levels are given in the appendices. 

10.1. A new calibration cwve must he generated after major changes to the system or when the 
continuing calibration criteria cannot be met. Major changes include new columns, changing PID 
lamps or FID jets or replacing the ECD detector. A new calibration is not required after clipping the 
column, replacing the septum or syringe, or other minor maintenance. 

c4-5cq 
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10.2. 

10.3. 

10.4. 

.- 

10.5. 

With the exception of 10.3 below. it is NOT acceptable to remove points from a calibration curve 
for the purpose of meeting criteria, unless the points are the highest or lowest on the curve AND the 
repotting limit and/or linear range is adjusted accordingly. In any event, at least 5 points must be 
included in the calibration curve. Quadratic (second order) calibrations require at least six points. 
Third order calibrations require at least seven points. 

A level may be removed from the calibration if the reason can be clearly documented, for example 
a broken vial or no purge run. A minirun of five levels most remain in the calibration. The 
documentation most be retained with the initial calibration. Alternatively. if the analyst believes that a 
point on the curve is inaccurate, the point may be reanalyzed and the reanalysis used for the calibration. 
All initial calibration points must be analyzed without any changes to instrument conditions, and all 
points most be analyzed within 24 hours. 

External standard calibration 

Quantitation by the external standard method assumes a proportional relationship between the 
calibration run and the analyte in the sample. To use this approach introduce each calibration standard 
into the CX using the technique that will be used for samples. The ratio of the peak height or area 
response to the mass OI concentration injected may be used to prepare a calibration curve. 

Calibration Factor (CF) = 
Area or Height of Peak 

Mass Injected (ng) 

Some data systems may use the inverse of this formula This is acceptable so long as the same formula 
is used for standards and samples. It is also possible to use the concentration of the standard rather 
than the mass injected. (This would require changes in the equations used to calculate the sample 
concentrations). Use of peak area or height must be consistent. However, if matrix’ interferences 
would make quantitation using peak area inaccurate for a particular sample, then peak height may be 
used as a substitute. 

Internal standard calibration 

10.5. I. The internal standard approach assumes that variations in instrument sensitivity, amount injected 
etc. can be corrected by determining the ratio of the response of the analyte to the response of an 
internal standard that has been added to the extract. To use this approach, select one or more 
internal standard(s) that are similar in analytical behavior to the compounds of interest. 
Recommended internal standards are given in the appendices. The analyst must demonstrate that 
the measurement of the internal standard is not affected by method or matrix interferences. If the 
sample matrix interferes with quantitation of the internal standard, then the external standard 
approach must b-e used instead. In this event use the response factors from the previous continuing 
calibration to quantitate the analytes in the sample with the interference (applies only to the sample 
with the interference). 

10.52. Introduce each calibration standard into the GC using the technique that will be used for samples. 
Response factors (RF) for each compound are calculated as follows: 
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? 

Where: 
A, = Response for the attalyte to be meaSUred 
Ais = Response for the internal standard 
C, = Concentration of internal standard 
C, = Concentration of the analyte to be determined in the standard 

10.6. Calibration curve fits 

Average response factor, linear regression, or quadratic curves may be used to tit the data. Average 
response factor may be used if tlx average % RSD of the response factors or calibration factors of all 
the analytes in the calibration standard taken together is 5 20%. The average %RSD is calculated by 
summing the RSD value for each analyte and dividing by the total number of analytes. 

10.6.1. In general, for environtnentaJ analysis, average response factors are the most appropriate 
calibration model. Linear or curved regression tits should only be used if the analyst has mason to 
believe that the average RP model does not tit the normal concentration/response behavior of the 
detector. 

10.6.2. Average response factor 

The average response factor may be used if the average percent relative standard deviation 
(%RSD) of all the response factors taken together is 5 20% 

The equation for average response factor is: 

Where: n = Number of calibration levels 

Sum of response factors for each calibration level 
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10.6.3. Linear regression 

The hear fit uses the following functions: 

10.6.3.1. External Standard 

y=ax+b 

01 

x- (y-b) 
a 

Where: y = Instrument response 
x = Concentration 
a = Slope 
b = Intercept 

10.6.3.2. Internal Standard 

Where: C, = Concentration in the sample 

A. = Area of target peak in the sample 

Au = Area of internal standard in the sample 

GS = Concentration of the internal standard 

10.6.4. Quadratic curve 

The quadratic curve uses the following funcIions: 

10.6.4.1. External standard 

y=ax+cx’+b 

Where c is the curvature 
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10.6.4.2. Internal Standard 

10.7. Evaluation of calibration curves 

10.7.1. The Percent relative standard error (%RSE) from the calibration curve is used to evaluate the 
initial calibration. This provides a measure of how much error is associated with using the 
calibration curve for quantitation. 

10.7.2. The least squares regression line is calculated and used to calculate the predicted concentration for 
each level. The percent relative standard error is calculated as follows: 

Where: 
N = Number of points in the curve 
P = Number of parameters in the curve (= 1 for average response factor, 2 for 
linear, 3 for quadratic) 
C, = True concentration for level i 
PC, = Predicted concenuation for level i 

Note that when average response factors.are used. WRSE is equivalent to 
%RSD. 

10.8. The following requirem+s must b-e met for any calibration to be used: 

l Response must increase with increasing concentration. 
l If a curve is used, the intercept of the curve at zero response must be less than 2 the reporting limit 

for the analyte. 
. The average Relative Standard Error (RSD for average response factors) of the calibration points 

from the curve used must be 5 20%. 
l Some data systems will not measure the %RSE from a linear or quadratic fit. For the linear case, 

the correlation toefficient may be used as an alternative to the %RSE. and must be greater than or 
equal to 0.990. For the quadratic case the Coefficient of Determination may be used, and must be 
greater or equal to 0.990. 

Note: The Relative Standard Error (RSE) is supxior to the Correlation Coeffnzient (?) and Coefficient 
of Determinatidn (r) for testing the fit of a set of calibration points to a line. The lower points on a 
curve have little effect on r. As a result a curve may have a very good correlation coeftkient (n3.995). 
while also having > 100% error at the low point. (Edgerley, “Improving Calibration Accuracy in the 
Environmental Laboratory”, in press). 
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10.9. 

10.9.1. 

10.10. 

Weighting of data points 

In a quadratic calibration fit, the paints at the lower end of the calibration curve have less relative 
variance than points at the high concentration end of the curve. This can cause severe errors in 
quantitation at the low end of the calibration. However, in environmental analysis, accuracy at the 
low end of the curve is very important. For this reason it is preferable to increase the weighting of 
the lower concentration points. 1/Conce&&~1~ weighting (often called l/X’ weighting) will 
improve ac~~acy at the low end of the curve and should be used if the data system has this 
capability. Use of liX* weighting for linear fits is currently not petitted by method 8CQOB. 

Non-standard analytes are sometimes requested. For these analytes, it may be acceptable to analyze 
a single standard at the reporting lit with each conunumg calmratmn mmer man a we pomr mma~ 
calibration. This action must be with client approval. If the analyte is detected in any of the samples, a 
five point initial calibration must be generated and the sample(s) reanalyzed for quantitation. 

10.11. Calibration Verification 

10.11.1. 12 hour Calibration 

The working calibration curve or RF must be verified by the analysis of a mid point calibration 
standard at the beginning, after every 12 hours. and at the end of the analysis sequence. The center 
of each retention time window is updated with each 12 hour calibration. 

10.112. Calibration Verification 

It may be appropriate to analyze a mid point standard more frequently than every 12 hours. If 
these calibration verification standards are analyzed, requirements are the same as the 12 hour 
calibration with the exception that retention times are not updated. 

10.11.3. Any analyte that is reportable as found must have a % difference of 215% in the preceding 
verification or 12 calibration, on the column used for quantitation. Refer to section 12.1.2 for 
which result to report. 

10.11.4. Analytes not detected in client samples will ideally also have a %D of 5 15%. However, the 
analysis is acceptable if the average of the %D for all the analytes is < IS%. This average is 
calculated by summing all the %D results in the calibration and dividing by the number of analytes, 

10.11.5. Reportable as found is defined as any analyte that would be reported as anything other than a non- 
detect. 

10.11.6. It is not necessary to run a calibration verification standard at the beginning of the sequence.if 
samples are analyzed immediately after the completion of the initial calibration. 

10.11.7. Samples quantitated by external standard methods must be bracketed by calibration verification 
standards that me&t the criteria listed above. Bracketing is not necessary for internal standard 
methods. 
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1. 

10.11.8. 46 Difference calculation 

% Difference for internal and external mcthcds is calculated as follows 

Internal Standard: External standard: ’ 

Where RF, and CF, are the response and calibration factors 

from the continuing calibration 

E and z are the average response and calibration factors 

from the initial calibration 

10.11.9. % Drift calculation 

% Drift is used for comparing the continuing calibration to a linear or quadratic curve. The criteria 
for % drift are the same as for % difference 

%Drifr = 
Calculnred Cone. - Theoretical Cont. x 1oo% 

Theoretical Cont. 

10.11.10. Corrective Actions for Continuing Calibration 

If the overall average %D of all analytes is greater than f 15% corrective action must be taken. 
This may include clipping the column, changing the liner or other minor insmnnent adjustients, 
followed by reanalyzing the standard. If the overall average %D still varies by more than f 15%. a 
new calibration c.brve must be prepared. 

10.11.11. Corrective Action for Samples 

For internal standard methods, any samples injected after a standard not meeting the calibration 
criteria mlist be reinjected. 

For external standard methods, any samples injected after the last good continuing calibration 
standard must be reinjected. 

11. PROCEDURE 

11.1. Exuaction 

Extraction procedures are referenced in the appendices 

11.2. Cleanup 

Cleanup procedures are referenced in the appendices. 

11.3. Gas Chromatography 

Cbromatographic conditions for individual methods are presented in the appendices, 

11.4. Sample I”trcductio” 

I” general, volatiles analytes are introduced using purge and trap as described in Appendix A. 
Semivolatile analytes are introduced by direct injection of the extract. Samples, standards,.and QC 
must be introduced “sing the same procedure. 

‘I 
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11.5. Analytical Sequence 

An analytical sequence stats with an initial calibration or a daily calibration. Refer to tbe individual 
method appendices for method specific details of daily calibrations and analytical sequences. 

11.5.1. The daily calibration includes analysis of standards containing all single response analytes and 
updating the retention time windows. 

115.2. If there is a break in tbe analytical sequence of greater than 12 hours, a new analytical sequen& 
must be started with a daily calibration. 

11.6. Retention Time Windows 

11.6.1. Retention time windows must be determined for all analytes. Make an injection of all analytes of 
interest each day over a three day period. Calculate tbe standard deviation of the three retention 
times for each analyte (relative retention times may also be used). For multiresponse analytes 
(e.g., Aroclors) use the retention time of major peaks. Plus or minus three times the standard 
deviation of the retention times of each anal* defines the retention time window. 

11.6.2. Tbe center of tbe retention time window is the retention time from the last of the three standards. 
The centers of the windows are updated with the mid point of tbe initial calibration and each 12 
hour calibration. The widths of tbe windows will remain the same until new windows are 
generated following the installation of a new column. 

11.6.3. If the retention time window as calculated above is less than +/- 0.05 minutes, use +I- 0.05 minutes 
as tbe retention time window. This allows for slight variations in retention times caused by sample 
matrix. 

11.6.4. The laboratory must calculate new retention time windows each time a new colimm is installed. 
The new windows must be generated within one week of the installation of the new column. Until 
these standards have been run on the new column, the retention time windows from the old column 
may be used, updated with the retention times from tbe new initial calibration. 

11.6.5. Corrective Action for Retention Times 

The retention times of all cotipounds in each continuing calibration must be within tbe retention 
time windows established by the 12 hour calibration. If this condition is not met, all samples 
analyzed after the last compliant standard must be reanalyzed unless the following conditionS are 
met for any compound that elutes outside the retention time window: 

The retention time of that compound in the standard must be within a retention time range equal to 
twice the original window. 

NO p.k that would be reportable may be present on the sample c+matogram witbin an elution 
time range equal to three times the original retention time window. 

11.7. Daily Retention Time Windows 

Tbe center of tbe retention time windows determined in section 11.6 are adjusted to the retention time 
of each analyte as determined in the 12 hour calibration standards. ( See the method 808lA and 8082 
appendices for exceptions for multi-response components.) The retention time windows must be 
updated at the beginning of each analytical sequence and with each 12 hour calibration, but not for any 
other calibration verification standards. 

11.8. Percent Moisture 
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Analytical results may be reported as dry or wet weight, as required by the client. Percent moisture 
must be determined if results will be reported as dry weight. Refer to SOP CORP-OP-0001 for 
determination of percent moisture. 

11.9. Procedural Variations 

Procedural vatiatiotts are allowed only if deemed necessary in tbe professional judgment of the 
supervisor to accommodate variation in sample mat&., radioactivity, chemistry, sample size. or other 
parameters. Any variation in procedure shall be completely documented using a Nonconformance 
Memo and approved by a supervisor and QA/QC manager. If contractually required, the client shall be 
notified. The Nonconformance Memo shall be tiled in the project tile. The nonconformance is also 
addressed in the case narrative. Any unauthorized deviations from this procedure must also be 
documented as a nonconformance. with a cause and corrective action described. 

12. DATA ANALYSIS AND CALCULATIONS 

12.1. Qualitative Identification 

12.1.1. Tentative identification occurs when a peak is found within the retention time window for an 
aoalyte, at a concentration above the reporting limit. or above the MDL if J flags are required. 
Normally confwtion is required on a second column, but if the detector is sufficiently specific or 
if the sample matrix is well enough defined, single column analysis may be adequate. In some 
cases GC/MS confmtion may be required. Client specitic requirements may also define the need 
for second columo confmtion and I or GUMS confirmation. Refer to the appendices for test 
specific requirements for confirmation. Identification is confmed if a peak is also present in the 
retention time window for that aoalyte on the confumatory column, at a concentration greater than 
the reporting limit (MDL if J flag confmation required). 

12.1.2. Dual columo quaotitation 

For confirmed results, two approaches are available to the analyst; 
A) The primary column approach 
Or 
B) The better result approach 
Both are acceptable to avoid the reporting of erroneous or unconfirmed data. 

12.1.2.1. Primary column approach: 

The result from the primary column is nonoally reported. The result from the secondary 
column is reported if any of the following three bulleted posstbdtttes are true. 
l There is obvious cbromatographic interference on tbe primary colut~ 
l The result on the primary column is > 40% greater than the result on the secondary 

column 
l Continuing or bracketing standard fails on the primary column but is acceptable on the 

secondary column. (If the primary column result is > 40% higher than the secondary, and 
the primary column calibration fails. then the sample must be evaluated for reanalysis.) 

12.1.2.2. Better result approach 

The lower of the two results is normally reported. The lower result is considered better 
because the higher result is generally higher because of chromatographic interference. The 
higher result is reported if ?oy of the following two bulleted possibilities are true. 
l There is obvious chromatographic interference on the column with the lower result 
l The continuing or bracketing calibration on the column with the lower result fails. (If the 

higher result is > 40% higher and the calibration on the column with the lower result 
fails, then the sample must be evaluated for reanalysis.) 

cL( -51 a 
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12.1.3. If the Relative percent difference (RPD) between the response on the two columns is greater than 
40% or if the opinion of an experienced analyst is that the complexity of the matrix is resulting in 
false positives, the confirmation is suspect and the results are qualified. RPD is calculated using 
the following formula: 

RPD= lR'-R= 
;(Ri+Rz) 

12.1.4. Multi-re+ponse Analytes 

Where R=Result 

For multi-response analytes, the analyst should use the retention time window, but should rely 
primarily on pattern recognition. The pattern of peaks will normally serve as confutation. 

12.15 The experience of the analyst should weigh heavily in the interpretation of the chmmatogram. For 
example, sample matrix or laboratory temperature flUCNath may result in variation of retention 
tillES. 

12.2. Calibration Range 

If concentrations of any analytes exceed the working range as defined by the calibration standards, then 
the sample must be diluted and reanalyzed. Dilutions should target the most concentrated analyte in the 
upper half (over 50% of the high level standard) of the calibration range. It may be necessary to dilute 
samples due to matrix. 

12.3. Dilutions 

Samples may be screened to determine the appropriate dilution for the initial ran. If the initial diluted 
run has no hits or hits below 20% of the calibration range and the matrix allows for analysis at a lesser 
dilution. then the sample most be reanalyzed at a dilution targeted to bring the largest hit above 50% of 
the calibration range. 

12.4 

12.5 

12.6 

12.3.1. ,Guidaace for Dilutibns Due to Matrix 

If the sample is initially roun at a dilutitin and only minor matrix peaksare, then the sample should 
be reanalyzed at a more concentrated dilution. Analyst judgement is required to determine the 
most concentrated dilution that will not result in instrument contamination. 

12.3.2. Reporting Dilutions 

The most concentrated dilution with no target compounds above the calibration range will be 
reported. Other dilutions will only be reported at client request. 

Interferences 

If peak detection is prevented by interferences, further cleanup should be attempted. If no further 
cleanup is reasonable, then elevation of reporting levels and/or lack of positive identification must he 
addressed in the case narrative. 

Internal Standard Criteria for Continuing Calibration 

If internal standard calibration is used, then the internal standard response in a continuing calibration 
standard must be within 50 to 150% of the response in the mid level of the initial calibration. 

Calculations 
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Capabilities of individual data systetns may require tbe use of different formulas than those presented 
here. When this is the case, the calculations used must be shown to be equivalent and must be 
documented in art appendix attached to this document. 

12.6.1. External Standard Calculatiotts 

12.6.1.1. Aqueous samples 

Concentration (mg I L) = 
(hxVtxDr) 

(CFXviXVs) 

A, = Response for the analyte in the sample 
Vi = Volume of extract injected, pL 
D, = Dilution factor 
v, = Volume of total extract, pL 
V, = Volume of sample extracted or purged. mL 
CF= Calibration factor. area or height/rig. Section 10.1 

12.6.1.2. Non-aqueous Samples 

Concentration (mg I kg) = 
(AxVtxD,) 

(CFxVixWxD) 

Where: 

W = Weight of sample extracted or purged, g 

D = 100 - % Moisture 

lad 
(D = I if wet weight is required) 

12.6.2. Internal Standard Calculations 

12.6.2.1. Aqueous Samples 

Concenrration (mg I L) = 
(ArxCi.xDr) 

(A.xRFxV,) 

Where: 

C, = Amount of internal standard added, ng 
A, = Response of the internal standard 
RF = Response factor for analyte 

12.6.2.2. Non-aqueous Samples 
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Concentration (mg I kg) = 
(ArxC.xD,) 

(ALIxRFxWXD) 

12.6.3. Surrogate Recovery 

Concentrations of surrogate compounds are calculated using the same equations as for the target 
compounds. The response factor from the initial calibration is used.‘Surrogate recovery is 
calculated osing the following equation: 

‘70 Recovery = 
Concentration (oramount)fourId x loo 
Concentration (or amount) spiked 

13. METHOD PERFORMANCE 

13.1. Method Detection Lit 

Each laboratory most generate a valid method detection limit for each analyte of interest. The MDL 
must be below the reporting limit for each analyte. The procedure for determination of the method 
detection limit is given in 40 CFR Part 136. Appendix B, and further defined in QA Policy #: PA-005 

13.2. Initial Demonstration 

Each laboratory must make a one time initial demonstration of capability for each individual method. 
Demonstration of capability for both soils end water matrices is required. This requires analysis of QC 
check samples containing all of the standard analytes for the method. For some tests it may be 
necessary to use more than one QC check mix to cover all analytes of interest. 

13.2.1. Four aliquots of the QC check sample are analyzed using the same procedures used to analyze 
samples, including sample preparation. The concentration of the QC check sample should be 
equivalent to a mid level calibration. 

13.2.2. Calculate the average recovery and standard deviation of the recovery for each analyte of interest. 
Compare these results with the acceptance criteria given in each appendix. 

132.3. If any analyie does not meet the acceptance criteria, the test must be repeated. Only those analytes 
that did not meet criteria in the frst test need to be evaluated. Repeated failtie for any analyte 
indicates the need for the laboratory to evaluate the analytical procedure and take corrective action. 

13.3. Training Qualification 

The group/team leader has the responsibility to ensue that this procedure is performed by an analyst 
who has been propeily trained in its use and has the required experience. 

14. POLLUTION PREVENTION 

This method does not contain any specific modifications that serve to minimize or prevent pollution, 

15. WASTE MANAGEMENT 

Waste generated in this procedure will be segregated and disposed according to the facility hazardous waste 
procedures. The Environmental Health and Safety Director should be contacted if additional inform&on is 
required. 

ccl-515 
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16. REFERENCES 

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846,3rd Edition, Final Update 
III, December 1996, Section 8ooOB 

17. MISCELLANEOUS 

‘17.1. Modifications from Reference Method 

17.1.1. Chapter 1 of SW-846 states that the method blank should not contain any analyte of interest at or 
above the Method Detection Lit. This SOP states that the Method Blank must not coot& any 
analyte of interest at or above the repotting lit. Common lab contaminants are allowed to be up 
to 5 times the reporting lit in the blank following consultation with the client. 

17.2. Modifications from Previous Revision 

This SOP has been substantially revised to reflect changes to Method 8000 contained in Update III to 
SW-846. 

17.3. Facility Specific SOPS 

Each facility shall attach a list of facility specific SOPS or approved attachments (if applicable) which 
are required to implement this SOP or which are used in conjunction with this SOP. If no facility 
specific SOPS or amendments are. to be attached, a statement must be attached specifying that there are 
none. 

17.4. 
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FIow Diagrams 

17.4.1. Initial demonstration and MDL’ 

Demonstration 

calibration curve 

Prepare 4 Fmract 4 
replicates at replicates at 

curve Curve 
midpoint midpoint 

and compare to initial 
demonstration 

Analyze 7 replicates 
and calculate MDL 

YCS r-5 stall sample 
analysis 

17.4.2 

’ This ilow diagram is for guidance and cannot cover all eveklities. Consult the SOP text and a supervisor if in 
doubt. 
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Sample Analysis’ 

( start Sample Analysts 3 

e 
Establish 5 point 
calibration curve 

Major or minor 
mabaenance as 

necessary 

Establish 
retention time 

windows 

Run daily 
calibration 

I 
NO Minor 
I maintenarIce 

I This flow diagram is for guidance and cannot cover all eventualities. Consult the SOP text and a supervisor if in 
doubt. 
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1. SCOPE AND APPLICATION 

1.1. This method describes sample preparation and extraction for the analysis of volatile organics by a purge and 
trap procedure, following method 8021B. However, where required by a client QAPP this section may 
also be used to analyze aromatic volatiles by discontinued methods 802OA and 8010B. All 
requirements of tbe 8ooOB section of this SOP must be met except when superseded by this Appendix. 
Refer to Table A-l for the individual analytes normally determined by these procedures. 

1.2. Compounds within the scope of this method have boiling points below 2C@C and are soluble or slightly~ 
soluble in water. Classes of compounds best suited to purge-and-trap analysis include low molecular 
weight halogenated hydrocarbons, aromatics, ketones, nitriles. acetates, acrylates, ethers, and sulfides. 

1.3. Water samples and soils samples with low levels of contamination may be analyzed directly by purge-and- 
trap extractibn and gas chromatography. Higher concentrations of these analytes in soil may be 
determined by the medium level metbanol extraction procedure. 

1.4. This method also describes the preparation of water-miscible liquids, non-water-miscible liquids. solids, 
wastes, and soils/sediments for analysis by the purge-and-nap procedure. 

2. SUMMARY OF METHOD 

2.1. An inert gas is bubbled through the sample at ambient tetnperatwe or at 4O’C (4O’C required for low level 
soils), and the volatile components are transferred from the aqueous phase to the vapor phase. Tbe 
vapor is swept through a sorbent column where tbe volatile components are adsorbed. After purging is 
completed, the sorbent column is heated and backilushed with inert gas to desorb the components onto 
a gas chromatographic column. Analytes are detected using’s photoionization Detector, an electrolytic 
conductivity detector or a combination of both. 

2.2. For soil samples, a portion of the sample is dispersed in methanol to dissolve the volatile organic 
constituents. A portion of the methanolic solution is combined with water. It is then analyzed by 

purge-and-trap GC following the normal water method. If very low detection limits are needed for soil 
samples then direct purge using sodium bisulfate preservation may be necessary. 

3. DEFINFIONS 

Refer to the QAMP fo; definitions of terms used in this SOP. 

4., INTERFERENCES 

4.1. Refer to section 4 of the method 8OOQB pan of this SOP for general information on chromatographic 
interferences. 

4.2. Impurities in the purge gas, and from organic compounds out-gassing from the plumbing ahead of the trap, 
account for the majority of contamination problems. The analytical system must be demonstrated to be 
free from contamination under the conditions of the analysis by running laboratory reagent blanks. The 
use of non-TFE plastic tubing. non-TFE thread sealants, or flow controllers with rubber components in 
the purging device should be avoided. 

4.3. Samples can be contaminated by diffusion of volatile organics (particularly methylene chloride and 
fluorocarbons) through the septum seal of the sample vial during shipment and storage. A trip blank 
prepared from organic-free reagent water and carried through sampling and handling protocols serves 
as a check on such contamination. 

4.4. Contamination by carryover can occur whenever high-concentration and low-concentration samples are 
analyzed sequentially. Whenever an unusually concentrated sample is analyzed, it should be followed 

cct-51q 
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by an analysis of organic-free reagent water to check for crasscontamination. The trap and other parts 
of the system are subject to contamination. Therefore. frequent bake-out and purging of the system 
may be required. 

4.5. When utilizing an autosampler system which has multiple ports for sample analysis. it is likely that only a 
singld stage or port may be contaminated by a highly concentrated sample. If a port is suspect, a water 
blank should be analyzed to verify lack of contamination. If the water blank and subsequent blanks on 
that pan show contamination consistent with the concenuati.sample, further maintenance is required. 
This may include replacing or cleaning the multi-port valve, transfer lines, etc. 

4.6. A holding blank is kept in the sample refrigerator. This is analyzed and replaced every 14 days. If the 
holding blank does not meet the method blank criteria, the s”urce of co”tamination must be fomd and 
corrected. Evaluation of all samples analyzed in the 14 day period prior to the analysis of the 
contaminated holding blank is required. 

4.7. Acidification of samples may result in hydrolysis of 2-chloroethyl vinyl ether 

5. SAFETY 

5.1. Refer to section 5 of the Method 8OOOB section of this SOP for general safety requirements. 

5.2. Often, purge vessels on purge-and-trap instrumentation are pressurized by the time analysis is completed. 
Therefore, vent the pressure prior to removal of these vessels to prevent the contents from spraying out. 

5.3. The toxicity or carcinogenicity of each chemical used in this procedure has not been fully defined. 
Additional health and safety infomntion can be obtained from the MSDS files maintained in the 
laboratory. The following specific hazards are known: 

Methanol -- Plammable and toxic 

6. EQUIPMENT AND SUPPLIES 

-6.1. Microsyringes -- IOpL, 25pL, lOOpL, 25OpL. 5C@L, and 1OOOpL. These should be equipped with a 20 
gauge (0.006” ID) needle. These will be used to tneasure and dispense methanolic solutions and 
aqueous samples. 

6.2. Gas tight syringes -- 5 mL and 25 mL. Used for measuring sample volumes. 

6.3. Purge and Trap Apparatus--A device capable.ofexuacting volatile compounds. trapping on a sorbent trap, 
and introducing “nt” a gas chromatogmph. 

6.4. Purge and Trap Autosampler -- In order to maintain high sample throughput, an autosampler is highly 
recommended. 

6.5. Trap -- The~trap used is dependent on the class of compound to be analyzed. Refer to Table A-2 for 
suggested traps for specific tests. 

6.6. Purge Vessels --These are dependent on the purge and trap unit/&“osampler used, Both disposable culture 
tubes (needle sparge units) and specially designed vessels with fritted bottoms may be used. Follow the 
manufacturer’s suggestions for configuration. 

6~7. Columns - Refer to Table A-2 for details of columns. 

6.8. Volumevic flasks, Class A: 5 mL to 250 mL 

6.9. pH paper 

W-Sad 
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6.10. Balance capable of weighing to O.Olg for samples, 

7. REAGENTS AND SUPPLIES 

7.1. Refer to the ~edmd 8OCOB section of this SOP for general requirements for reagents and supplies. 

7.2. Organic Free Water 

Organic free water is defined as water in whicli an interferent is not observed at the reponing limit of 
the compounds pf interest. Suggested methods for generating organic free water include: 

l Filtration through a carbon bed. 

. Continuously sparging water with helium or nitrogen. 

l Use of commercial water purification systems. 

Other methods may be used, so long as the requirement that the water not show any interferences is 
met. The procedure used should be documented in a lab specific attachment. 

7.3. Sodium Bisulfate 

7.4. Methanol -- Purge and Trap Grade 

7.5. Standards 

Refer to tables A-5 and A-6 for details of surrogate, matrix spiking and internal standards. Calibration 
standard levels are not specified, since they may depend on the sensitivity and linear range of specific 
detectors. However, the low level standard must be equivalent to the reporting limits specified in Table 
A-l. 

7.5.1. Volatile standards are prepared by injecting a measured volume of the stock standard into a syringe 
containing the appropriate volume of organic free water. The calibration standard is then loaded 
into the purge device. 

8. SAMPLE COLLECTION, PRESERVATION, AND STORAGE 

8.1, Holding times for all volatile analysis are 14 days from sample collection. 

8.2. Water samples are normally preserved at pH < 2 with 1:1 hydrochloric acid. If residual chlorine is present. 
2 drops of 10% sodium thiosulfate are added. 

8.3. Solid samples are field preserved with sodium bisulfate solution for low level analysis. or with methanol for 
medium level analysis. Soil samples can also be taken using the EnCoreTM sampler and preserved in 
the lab within 48 hours of sampling. At specific client request, unpreserved soil samples may be 
accepted. 

8.4. There are several methods of sampling soil. The recommended method. which provides the minimum of 
field difficulties, is to take a Encore sample. (The 5 g OT 25 g sampler can be used, depending on client 
preference). Following shipment back to the lab the soil is preserved in methanol. This is the medium 
level procedure. If very low detection limits are needed (< 50 pg/kg for m&t analytes) then it will be 
necessary to use two additional 5 g Encore samplers or to use tield preservation. 

8.5. Sample collection for medium level analysis using Encore samplers. 

,- 
8.51. Ship one 5 g (or 25 g) Encore sampler per field sample position. 

8.5.2. An additional bottle must be shipped for percent moisture determination. 
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8.5.3. When the samples are returned to the lab. extrude the (nominal) 5g (or 25 g) sample into a @t@ 
VOA vial containing 5 mL methanol (25 mL methanol for the 25 g sampler). Obtain the weight of 
the soil added to the vial and note on the label. 

8.5.4. Add the correct amount of surrogate spiking mixture. (Add 100 pL of 250 @nL solution for a 
nominal 25 g sample, 2OpL. for a nominal 5 g sample.) 

8.5.5. Add the correct amount of matrix spiking solution to the mauix spike and matrix spike duplicate 
samples. (Add 100 @. of 250 pg/tnL solution for a nominal 25 g sample. 2OpL for a nom&l 5 g 
sample.) The addition of spike inuoduces a slight error, (0.4%) which can be neglected, into the 
CdC”lMiO”S. 

8.5.6. Prepare an LCS for each batch by adding the correct amount of matrix spiking solution to clean 
methanol. (100 pL of spike to 25 mL methanol or 20 pL spike to 5 mL methanol). 

8.5.7. Shake the samples for two minutes to distribute the methanol throughout the soil. 

8.5.8. Allow to settle, then remove a portion of methanol and store in a clean Teflon capped vial at 
4+2”C until analysis. 

8.6. Sample collection for medium level analysis using field methanol preservation 

8.6.1. 

8.6.2. 

8.6.3. 

8.6.4. 

8.6.5. 

Prepare a VOA vial by adding 5 mL purge and cap grade methanol. (If a 25 g sample is to be 
used, add 25 II&. methanol to the VOA vial). 

Seal the bottle and attach a label 

Weigh the bottle to the nearest O.Olg and note the weight on the label. 

Each sample will require an additional bottle with no preservative for percent moisture 
determination. 

8.6.6. 

8.6.7. 

At client request, the methanol addition and weighing may also be performed in the field. 

When the samples are returned to the lab, obtain the weight of the soil added to the vial and note 
on the label. 

8.6.8. Add the correct amount of surrogate spiking mixture. (Add 100 pL of 250 pg/mL s&tion for a 
nominal 25 g sample. 2OpL for a nominal 5 g sample.) 

8.6.9. Add the correct amount of matrix spiking solution to the matrix spike and matrix spike duplicate 
samples. (Add 100 PL of250 ~g/mL solution for a nominal 25 g sample. 2Ow for a nominal 5 g 
sample.) The addition of spike introduces a slight error, (0.4%) which can be neglected, into the 
calculations. 

8.6.10. Prepare an LCS for each batch by adding the correct amount of matrix spiking solution to clean 
methanol. (100 pL of spike to 25 mL. methanol or 20 pL spike to 5 mL methanol). 

8.6.11. Shake the samplesfor two minutes to distribute the methanol throughout the soil, 

8.6.12. Allow to settle, then remove a portion of methanol and store in a clean Teflon capped vial at 
4+2’C until analysis. 

CY -5aa 
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8.7. Low level procedure 

8.7.1. 

8.7.2. 

8r7.3. 

8.7.4. 

8.7.5. 

8.7.6. 

8.7.7. 

8.7.8. 

8.7.9. 

Iflow detection limits are required (typically < SO p&g) sodium bistdfate preservation must be 
used. However, it is also necessary to take a sample for the medium level (methanol preserved) 
procedure.. in case the concentmtion of analytes in the soil is above the calibration range of the 
low-level procedure. 

A purge and trap autosampler capable of sampling from a sealed vial is required for analysis of 
samples collected using this method. (Vatian At&on or 0.1.4552). 

The soil sample is taken using a 5g EnCore sampling device and returned to the lab. It is 
recommended that two Encore samplers be used for each field sample position, to allow for any 
reruns than may be necessary. A separate sample for 46 moisture determination is also necessary. 

Prepare VOA vials by adding a magnetic stir bar, approximately 1 g of sodium bisulfate and 5 mL 
of reagent water. 

Seal the vial and attach a label. The label must not cover the neck of the vial or the autosampler 
will malfunction. 

Weigh the vial to the nearest O.Olg and note the weight on the label. 

Extrude the soil sample from the Encore sampler into the prepared VOA vial. Reweigh the vial to 
obtain the weight of soil and note on the label. 

Note: Soils containing carbonates may effervesce when added to the sodium bisulfate solution. If 
this is the case at a specific site, add 5 mL of water instead, and freeze at 2 -10°C until analysis. 

Alternatively the sodium bisulfate preservation may be performed in the field. Ship at least two 
vials per sample. The field samplers must determine the weight df soil sampled. Each sample till 
require an additional bottle with no preservative for percent moisture determination, and aa 
additional bottle preserved with methanol for the medium level procedure. 

8.8. Aqueous samples are stored in glass containers with Teflon lined septa at 4’C +/- 2°C. with minimum 
headspace. 

8.9. Medium level solid extracts are ahquoted into 2 - 5 mL glass vials with Teflon lined caps and stored at 4°C 
+/- 2°C. The exuacts are stored with minimum headspace. 

8.10. The maximum holding time is 14 days from sampling until the sample is analyzed. (Samples that 
are found to be unpreserved still have a 14 day holding time. However they should be analyzed as soon 
as possible. The lack of preservation should be addressed in the case narrative). Maximum holding 
time for the Encore sampler (before the sample is added to methanol or sodium hisulfate) is 48 hours. 

8.11. A holding blank is stored with the samples. This is analyzed and replaced if any of the trip blanks 
show any contamination. Otherwise it is replaced every 14 days. 

W-5a3 
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Encore procedure when low level is not required (field steps 

1 
Shake for 2 minutes. 
Allow to settle, then 

Reweigh vial to obtain - remove approximately 
soil weight. 5 mL methanol and 

store in a septum 
caooed vial. 

Sample is ready for 

Encore procedure when low level is required 

Ship one 259 and two 
5 g Encore samplers 1 Extrude 259 soil 

sample from Encore 
into tared septum 

capped vial containing 

4 
Shake for 2 minutes. 
Allow to settle, then 

Reweigh vial to obtain __, remove approximately 
soil weight. 5 mL methanol and 

store in a septum 
caooed vial. 

-c 
Extrude the two Sg 

samplers into separate 
tared VOA.vials - Store for low level ample is ready for 
containing 5 mL analysis if needed 
sodium bisulfate 

A 
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Field methanol extraction procedure (field steps in gray) 

Ship following DOT 
Prepare a septum Weigh the vial and regulations for 

capped vial containing record the weight to the flammable liquids and 
5 mL methanol for - nearest 0.01 g on the include a separate 

each sample location label. bottle for each sample 
location for % moisture 

remove approz4mately 
l 1 mL of methanol and 

store in a septum 
capped vial 

Sample is ready for 
analysis 

9. 
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Field bisulfate preservation procedure (field steps in gray) 
I 1 1 

Prepare a septum 

H 
Weigh tp ..:“I --A I 

capped vial containing 
lg sodium bisulfate in 

record the 1 

5 mL water for each 
nearest 0. 

samole location 
label. 

I 

IG “,LII a, I” 

Neight to the 
.Ol g on the 

t- 

I I I I 

1 Shio followina DOT 

corrosive liquids and 
include a separate 

from the weight noted 
by the sampling crew. 

note as an anomoly 

(fi+&G~ ’ F When following this procedure, a methanol 
reserved sample must also be collected, for screening 

and in case the sample contains high levels of analytes. 
2. Due to the high probability of sampling problems, 
this method is not recommended 
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9. QUALITY CONTROL 

9.1. Refer to the method 8OOOB section of this SOP. section 9. for general quality control procedures. including 
batch definition, requirements for method blanks, LCS. matrix spikes, surrogates, and conaol limits. 

10. CALIBRATION AND STANDARDIZATION 

10.1. Refer to the method 8ooOB section of this.SOP, section 10, for general calibration procedures. 

10.2. Gas Chromatograph Operating Conditions : 

Various cohtmtt configurations are possibl2. If dual column confirmation is necessary, the sample may 
be split using a Y splitter at the injector end to diict the sample to two columns and two detectors. For 
simultaneous determination of aromatic and halogenated volatiles, a single column is used and the PID 
and ELCD detectors are connected in series. 

10.2.1. 

10.3. 

10.3.1. 

10.3.2. 

Refer to Table A-2, A-3 and A-4 for GC operating conditions. 

Initial Calibration 

Refer to Section 10 of the 8OOOB section of this SOP for details of initial calibration criteria. 

Low level soil samples must be purged at 40°C, therefore the calibration curve must also be purged 
at 40°C. In addition, the low level soil calibration solutions should contain approximately the same 
amount of sodium bisulfate as the samples. 

10.3.3. 

10.3.4. 

10.4. 

10.4.1. 

The low level calibration must be at the reporting limit or below. The remaining standards 
encompass the working range of the detector. 

Calibrate the instrument using the same volume that will be used during sample analysis. 

Calibration Verification 

A mid level calibration standard is used for the calibration veritication. The gases have a 20WD 
criteria rather than the 15% used for other analytes. 

10.4.2. A calibration verification run is performed after every 10 samples for this method. 

10.4.3. Bracketing of samples with calibration verification runs is only necessary for external standard 
analysis. 

11. PROCEDURE 

11.1. Refer to the mc+hod 8OOOB section of this SOP for general procedural requirements. 

11.2. Analytical Sequence 

The analytical sequence starts with an initial calibration of at least five points, or a 12 hour calibration 
that meets % difference criteria from an existing initial calibration. ’ 

11.3. Contirmation 

The PID and ELCD detectors are sufficiently selective that second column confirmation is not always 
necessary. Requirements for second column confmation should be decided in consultation with the 
client. If the PID and ELCD are used in series confirmatory information for many analytes can be 
gained by comparing the relative response from the two detectors. 
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11.4. Aqueous Sample Analysis (Purge and Trap units using sparge vessels) 

11.4.1. Depending on the sensitivity of the insmtment and capabilities of the purge and trap device, 5.10. 
20, or 25 mu sample VOIU~~S may be analyzed. A 5 mL sample volume is recommended. 

11.4.2. Rinse a 5 mL (or 25 mL for larger sample volumes) gas-tight syringe with organic free water. Fill 
the syringe with the sample to be analyzed, and compress to volume. 

11.4.3. Check and document the pH of the sample remaining in the VOA vial after loading the syringe 

11.4.4. This procedure invalidates the contents of the VOA vial for further analysis, unless go aliquot is 
transferred to a smaller VOA vial with no headspace (e.g., 20 mL) at the same time the analysis 
aliquot is removed. 

11.4.5. Spike with the appropriate volume of sorrogate/intemaI standard solution and spike solution (if 
required) through the barrel of the syringe. The method blank is spiked with surrogates only, the 
LCS and matrix spikes with the surrogate and matrix spiking solutions. Refer to Tables A25 and 
A-6 for volumes and concentrations of spiking solutions. 

11.4.6.. Load onto the purge and trap device and stan the nm 

11.4.7. If the initial analysis of a sample or a dilution of the sample has a concen@ation of analytes that 
exceeds the initial calibration range, the sample most be reanalyzed at a higher dilution. When a 
sample has a high response for a compound, analysis should be followed by an organic free water 
blank. It is recognized that doting automated unattended analysis, this may not occur. If any 
potential carryover hits are present in samples following highly contaminated samples, the sample 
must be reanalyzed to determine if any of these hits arc a result of carryover or are actually present 
in the sample. 

11.4.8. Dilutions may be made in gas tight syringes unless the volume of sample used is less than 5 pL, in 
which case dilution in volumetric flasks will be necessary. 

11.4.8.1. Spike with the same volume of surrogate/internal standard solution as used for undiluted 
samples prior to loading onto the purge and trap device. 

11.4.8.2. Fbr Matrix spike/matrix spike duplicates where the sample requires dilution, the sample 
is spiked after the dilution is performed. 

11.5. Aqueous and Soil Sample Analysis (Purge and Trap units that sample directly from the VOA vial) 

11.5.1. Units which sample from the VOA vial should be equipped with a module which automatically 
adds surrogate and internal standard solution to the sample prior to purging the sample. 

11.5.2. If the autosampler uses automatic ISISS injection, no further preparation of the VOA vial is 
needed. Otherwise the internal and surrogate standards must be added to the vial. Note: Aqueous 
samples with high amounts of sediment present in the vial may not be suitable for analysis on this 
instrumentation. or they may need to analyzed as soils. 

11.5.3. Sample remaining in the vial after sampling with one of these mechanisms is no longer valid for 
further analysis. A fresh VOA vial must be used for further sample analysis. 

11.5.4. Check the pH of the iample remaining in the VOA vial after analysis is completed. 
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11.6. Law-Level Solidr Analysis using discrete autosamplers 

Note: This technique may seriously underestimate anafyte concentration and must not 
be used except at specfflc client request for the purpose of comparability with previous 
data. It is no longer part of SW-846. 

This method is based on purging a bested sedbneat/~B sample mixed with reagent water 
eonudntng tbe surrogate and, if npplicsble, intersad and matrix spikbtg standards. Analyze t@ 
reagent blanks and stsndards under tbe same conditions as tbe samples (cg., heated). Tbe 
calibration curve is ah heated dudng analysis. Purge temperatars is 40°C. 

11.6.1. Do not discard any supernatant liquids. Mii tbe contents of tbe contaioer with a narrow 
metal spatuin. 

11.6.2. Weigh out 5 g (or other appropriate aliquot) of sample into a disposable culture tube ot 
other pu%e vessel. Record tbe weight to tbe nearest 0.1 g. If method sensitivity is 
demonstrated, a smalier aliquot may be used. Do not use aiiquots less than 1.0 g. If tbe 
sample is contambmted with amdytes such tbat a purge amount less than 1.0 g is 
appropriate, use tbe medium level metbod described in section 11.7. 

11.6.3. Connect the purge vessei to the purge and trap device. 

11.6.4. Rinse a 5 mL gas-tight syringe with organic free water, and fti. Compress to 5 mL. Add 
surrogate/iutermd standard (and matrix spike solutions if required.) (See Tables A-5, A-6, A- 
7 and A-8.) Add directly to the sample from 11.6.2. 

11.6.5. Tbe above steps should be performed rapidly and without interruption to avoid loss of 
volatile orga”ica. 

11.6.6. Add tbe beater jacket or other beating device and start tbe purge and trap unit. 

11.6.7. Soil samples that have low IS recovery when analyzed (<SO%) should be reanalyzed once to 
contkm matrix effect. If external standard calibration is used, samples nitb surrogate 
recovery below tbe control limit should be rezmafyzed once to contirm matrix effect. 

11.7. Methanol Extract Soils 

11.7.1, Rinse a gas-tight syringe with organic free water. Fill the syringe with the same volume of organic 
free water as used in the calibrations. Add no more than 2% (v/v) (100 FL for a 5 mL purge) 
methanolic extract (from Section 8.5 or 8.6) to the syringe. Add internal standard (if used). Load 
the sample onto the purge and trap device and analyze as for aqueous samples. If less than 5pL of 
metbanolic extract is to be added to the water, dilute the methanolic exnact such that a volume 
greater than 5pL will be added to the water in the syringe. 

12. DATA ANALYSIS AND CALCULATIONS 

Refer to section 12 of the 8OOOB section of this SOP. 

13. METHOD PERFORMANCE 

13.1. Performance limits for the four replicate initial demonstration of capability required under Section 
13.1 of the WOOB section of this SOP are 7C-130%. with %RSD 5 25% The spiking level should be 
20 pg/L.. These limits are for guidance, and certain “difficult” analytes may fall outside this range. Any 
outliers must be discussed with Quantetva’s Director of Quality Assurance and/or Director of 
Technology before proceeding with sample analysis. 
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14. POLLUTION PREVENTION 

‘Ihis method does oat C+GI any specific modifications that serve to minimize or prevent pollution. 

15. WASTE MANAGEMENT 

15.1. waste generated in this procedure till be segregated and disposed according to the facility 
hazardous waste procedures. The Environmental Health and Safety Director should be contacted if 
additional information is required. 

16. REFERENCES 

16.1. Test Methods for Evaluating Solid Waste, PhysicaVChemical Methods, SW846,3rd Edition, Final 
Update III, December 1996, Sections 5CKQ 503OB, 5035 and 8021B 

17. MISCELLANEOUS 

17.1. Modifications from Reference Method 

17.2. Modifications from previous revision 

17.2.1. Substantial changes to this method were made to reflect changes in Update IIl of SW-846. 

17.3. Facility Specific SOPS 

Each facility shall attach a list of facility specific SOPS or approved attachments (if applicable) which 
are required to implement this SOP or which are used in conjunction with this SOP. If no facility 
specific SOPS or amendments arc to bc attached, a statement most be attached specifying that there are 

-.,, 

none. 

17.4. 
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Compound 

:ombined 
alogenated 
nd aromatic 
olatiles by 
02lB 

set-Butylbenzene 1135-98-8 1.0 Il.0 50 

tat-Butylbenzene 198-06-6 1.0 11.0 50 

Carbon Tetrachlotide ( 56-23-5 1.0 Il.0 50 

CY -532 
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Table A-5 

It may be necessary to select different surrogates in order to minimize sample interferences. I-chloro-4- 
fluorobenzene and 4-chlorotoluene are fairly well resolved from analytes listed in this SOP. However 4- 
chlorotoluene may sometimes be requested as a target analyte. Other surrogates that may be considered, and issues 
associated with their use are: 
Bromochloromethane: Elutes very close to chloroform and cis-1,2-dichloroethene on the 502.2 column. 

May be a target analyte. 

,- 

1,2-Bromochloroethane: 
1-Chloro-2-fluorobenzene: 
a,a,a-Ttifluorotoluene: 
Bromoftuorohenzene: 

2-Bromo- 1 xhloropropane: 

Elutes close to ethylbenzene on DB-1 or Rtx-1 and close to m,p-xylene on 502.2 
Good for aromatic volatiles, coelutes or very close to uichloroethene 
Close to 1.1.2.2~trichloroetha and 1,2,3-trichloropropane on the 502.2 column. 
GoodonDB-1 orRtx-1. 
May coelute with 1.1,2-trichloroethane 

Halogenated Chloroknzeru 
1.1 -Dichloroet..,.., 
-... .^ 

c-(-i - 535 
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1. SCOPE AND APPLICATION 

This SOP Appendix describes procedures to be wed when SW-846 Method 8081A is applied to the 
analysis of organochlorine pesticides by GUECD. This Appendix may also to be applied when 
discontinued SW-846 Method 808OA is requested. and is applicable to extracts derived from any matrix 
which are prepared according to the appropriate Quanterra sample extraction SOPS. (CORP-OP-Oool) 

Table B-l lists compounds which are roktinely determined by this method and gives the Reporting Limits 
(RL) for each matrix. RLs given are based on the low level standard and the sample preparation 
concentration factors. Matrix interferences may result in higher RLs than those listed. 

At client request, this method may also be used for the analysis of PCBs (Arochlors) in combination with 
pesticides, although these are normally analyzed following method 8082, as described in Appendix C of this 
SOP. In any event, if samples for PCB analysis do not need the acid clean up procedure, then the same 
injection may be used for method 8081B and 8082. assuming all calibration and QC requirements for both 
methods are met. Extracts that have been acid cleaned may not be analyzed for pesticides, since several of 
the pesticides will be degraded. 

2. SUMMARY OF METHOD 

This method presents conditions for the analysis of prepared extracts of organochlorine pesticides. The 
pesticides are injected onto the column and sepaxatd and detected by electron capture detection. 
Quantitation may be by internal or external standard methods. 

3. DEFINITIONS 

Refer to the QAh4P for definitions of temts used in this document. 

4. INTERFERENCES 

4.1. Refer to the method SOOOB section of this SOP for information regarding cbromatographic interferences. 

4.2. Interferences in the GC analysis arise from many compounds amenable to gas chromatography that give a 
measurable response on the electron capture detector. Phthalate esters, which are common plasticizers. 
can pose a major problem in the determinations. Interferences from phthalates are minimized by 
avoiding contact with any plastic materials. 

4.3. Sulfur will interfere and can be removed usirtg procedures described in SOP CORP-OP-0001 

4.4. Interferences co-extracted from samples will vary considerably from source to source. The presence of 
interferences may raise quantitation limits for individual samples. Specific cleanups may be performed 
on the sample extracts, including tlorisil cleanup (Method 3620). Gel Permeation Chromatography 
(Method 3640). and Sulfur cleanup (Method 3660). These cleanup procedures are included in SOP X 
CORP-OP-0001. Use or hexane I acetone as the extraction solvent (rather than hexane I methylene 
chloride) will reduce the amount of interferences extracted. 

5. SAFETY 

5.1. ReTer to section 5 of the Method SOOOB SOP for general safety requirknents. 

5.2. Aroclors have been classified as a potential carcinogen under OSHA. Concentrated solutions of Amclors 
must be handled with exueme care to avoid excess exposure. Contaminated gloves and clothing must 
be removed immediately. Contaminated skin surfaces must be washed thoroughly. 
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6. EQUIPMENT AND SUPPLIRS 

6.1. Refer to Section 6 of the 8OOOB section of this SOP. A “Ni elecaon capture detector is required. 

6.2. Refer to Table B-2 for analytical columns. 

6.3. Microsyringes. various sizes, for standards preparation, sample injection, and extract dilution. 

I. REAGENTS AND STANDARDS 

7.1. Refer to the method 8ooOB section of this SOP for general requirements for reagents and supplies. 

7.2. Refer to Table B-3 for details of calibration standards. 

7.3. Surrogate Standards 

Tetmchloro-m-xylene and decachlorobiphenyl are the surrogate standards. Refer to tables B-5 and B-6 
for details of surrogate standards. 

7.4. Column Degradation Evaluation Mix 

A mid-level standard containing 4.4’-DDT and E&in and not containing any of their breakdown 
products must be prepared for evaluation of degradation of these compounds by the GC column and 
injection port. This mix must be replaced after one year, or whenever corrective action to columns fails 
to eliminate the breakdown of the compounds, whichever is shorter. This solution also contains the 
surrogates. Refer to Table B-4 for details of the column degradation evaluation mix. 

_* 8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

Refer to Section 8 of the 8OOOB section of this SOP. 

9. QUALITY CONTROL 

Refer to Section 9 of the 8OOOB section of this SOP. 

10. CALIBRATION AND STANDARDIZATION 

10.1. Refer to Section 10 of the 8OOOB section of this SOP for general calibration requirements. 

10.2. Refer to Table B-2 for details of GC operating conditions. The conditions listed should result in 
resolution of all aoalytes listed in Table B-l on both columns. Closely eluting pairs are DDE and 
Dieldrin on the Rtx-5 or DB-5 column and Endosulfan II and DDD on the 1701 column. 

10.3. Column Degradation Evaluation 

Before any calibration runs. either initial or 12 hour, The column evaluation mix must be injected 
before each initial or daily calibration. The degradation of DDT and endrin must be calculated (see 
equations 9 and IO) and each shown to be less than 15% before calibration can proceed. This is only 
necessary if the target compound list includes DDT. Endrin. or any of their degradation products. 

If the breakdown of DDT and/or endrin exceeds the limits given above, corrective action must be 
taken. This action may include: 

l Replacement of the injection port liner or the glass wool. 

l Cutting off a portion of the injection end of a capillary column. 

l Replacing the CC column. 

Q-4 -537 
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10.4. Initial Calibration 

Refer to Section 10 of the 8ODOB section of this SOP for details of calibration procedures. 

10.4.1. 

10.42. 

10.4.3. 

10.4.4. 

10.4.5. 

10.4.6. 

10.5. 

Refer to Table B-8 for the initial calibration analytical sequence. 

tie response for each single-peak analyte will be calculated by the procedures described in the 
general method for GC analysis. 

The surrogate calibration curve is calculated from the Inditidual AB mix. Surrogates in the other 
calibration standards are used only as retention time markers. If there are resolution problems, 
then the A and B mixes may be analyzed separately. 

For multi-component pesticides: 

Single point calibration is used for multicomponent pesticides (typically toxaphene and technical 
chlordane). Two options are possible; the same quantitation option must be used for standards and 
samples. Refer to section 12.3 for guidance on which option to use. 

For multicomponent analytes, the mid level standard must he analyzed as part of the initial 
calibration. This single point calibration is used to quantitate multicomponent analytes. 

The analyst may include a full 5 point calibration for any of the multicomponent analytes with the 
initial calibration. 

12 hour Calibration Verification 

Tbe 12 how calibration verification sequence must be analyzed within 12 hours of the start of the initial 
calibration and at least once every 12 hours thereafter if samples are being analyzed. If more than 12 
hours have elapsed since the injection of the last sample in the analytical sequence. a new analytical 
sequence must be started with a 12 hour calibration. A mid level calibration standard is used for the 12 
hour calibration. Refer to the EOOLlB section of this SOP for acceptance criteria. 

10.5.1. At a minimum. the 12 hour calibration includes analysis of the breakdown mix followed by mid 
level standards of any single and multicomponent analytes. 

10.5.2. The retention time windows for any analytes included in the 12 hour calibration are updated. 

10.6. Continuing Calibration 

The AB calibration mix is analyzed as the continuing calibration standard. At a minimum, this is 
analyzed after every 20 samples, including.matrix spikes, LCS, and method blanks. If 12 hours elapse 
analyze the 12 hour standard sequence instead. The continuing calibration standard need not include 
multicomponent anaiytes. If insmnnent drift is expected due to sample matrix or other factors, it may 
be advisable to analyze the continuing calibration standard more frequently. 

10.6.1. A mid level calibration standard is used for the continuing calibration. 

11. PROCEDURE 

11.1. Refer to the method 8OOOB section of this SOP for general procedural requirements. 

11.2. Extraction 

The extraction procedure is described in SOP No. CORP-OP-0001. 

11.3. Cleanup 

Cleanup procedures are described in SOP No. CORP-OP-OO!ll. 
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11.4. Suggested gas chromatograpbic conditions are given in Table B-2. 

11.5. AIIOW extracts to warm to ambient tempexature. before injection. 

11.6. the suggested analytical sequence is given in Table B-8. 

12. DATA ANALYSIS AND CALCULATIONS 

12.1. Refer to the 8OOOB section of this SOP.for identification and quantitation of single component 
adytes. 

12.2. Identification of Multicokponent Anaiyte.s 

Retention time windows are also used for identification of multi-component analytes, but the 
“fingerprint” produced by major peaks of those compounds in the standard is used in tandem with the 
retention times to identify the compounds. The ratios of the areas of the major peaks are also taken into 
consideration. Identification of these compounds may be made even if the retention times of the peaks 
in the sample fall outside of the retention time windows of the standard, if in the analyst’s judgment the 
fingerprint (retention time and peak ratios) resembles the standard chromatogmm. 

12.3. Quantitation of Multicomponent Analytes 

Use 3-10 major peaks or total area for quantitation as described in section 10.4.4, initial calibration of 
multicomponent analytes. 

12.3.1. If there are no interfering peaks within the envelope of the multicomponent analyte, the total area 
of the standards and samples may be used for quantitation. Any surrogate or extraneous peaks 
within the envelope must be subtracted from the total area. 

12.3.1.1. Multiple peak option 

This option is particularly valuable if toxaphene is identified but interferences make quantitation based on 
total area difficult. Select 3-10 major peaks in the analyte pattern. Calculate the response using the total 
area or total height of these peaks. Alternatively. find the response of each of the 3-10 peaks per multi-peak 
pesticide, and use these responses independently, averaging the resultant concentrations found in samples 
for a final concentration result. When using this option, it is appropriate to remove peaks that appear to be 
coeluting with contaminant peaks from the quantitation. (i.e. peaks which are significantly larger tban would 
be expected from the rest of the pattern.) 

Chlordane may be quantitated either using the multiple peak option (12.3.1.1) total area option (12.3.1.2.) 
or by quantitation of the major components, a-chlordane, y-chlordane and heptachlor. 

12.3.1.2. Total area option 

The total area of the sedards and samples may be used for quantitation of multicomponent analytes. Any 
surrogate OT extraneous peaks within the envelope must be subtracted from the total area. This option 
should not be used if there are significant interference peaks within the multicomponent pattern in the 
samples. The retention time window for total area measurement must contain at least 90% of the area of the 
analyte. 

12.4. Second column confirmation multi-component analytes will only be performed when requested by 
the client, because tbe appearance of the multiple peaks in the sample usually serves as a confirmation 
of analyte presence. 

12.5. Surrogate recovery results are calculated and reported for decachlorobiphenyl (DCB) unless it is 
determined that sample interference has adversely affected the quantitation of that surrogate. 
Tetrachloro-m-xylene (TCMX) recovery is reported in lieu of DCB in samples having the interference, 
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and also may be used in samples in which DCB recovery is low. Corrective action is only necessary if 
DCB and TCMX are both outside of acceptance liits. 

12.6. Calculation of Column Degradation/% Breakdown (%B) 

DDT 468 = 
Aam + Arm Xl00 

where: 
ADDD, A~,E, and Am = the response of the peaks for 4,4’-DDD, 4,4*-DDE. and 4,4’- 
DDT in the column degradation evaluation mix. 

E&in 468 = 
Au + AGI Xl00 

Ax +Au +AE 

where: 
AEK, Au, and AE = the response of endtin ketone, endtin aldehyde, and endtin in the 
column degradation evaluation mix. 

13. METHOD PERFORMANCE 

13.1. Performance limits for the four replicate initial demonsuation of capability required under Section 
13.1 of the main body of this SOP are presented in Table B-7. The spiking level should be equivalent 
to a mid level calibration. --. 

14. POLLUTION PREVENTION 

Refer to section 14 of tbe8OOOB section of this SOP. 

15. WASTE MANAGEMENT 

15.1. Waste generated in this procedure will be segregated and disposed according to the facility 
hazardous waste procedures. The Environmental Health and Safety Director should be contacted if 
additional information is required. 

16. REFERENCES 

SW846. Update III, December 1996, Method 808lA 

17. MISCELLANEOUS 

17.1. Modifications from Reference Method 

Non.2 

17.2. Modifications from Previous Revisions 

17.3. Substantial revision were made to reflect the changes to method 8081 in Update III to SW-846. 
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11.4. Tables 

Kepone is sometimes requested for analysis by method 8081A. However kepone may produce peaks with broad 
tails that elute later than the standard by up to a minute (presumably due to hemi-acetal formation). As a result 
kepone analysis by 808lA is unreliable and not recommended. Analysis by method 827OC is a possible alternative. 
Note: alpha chlordane, gamma chlordane. and endrin ketone are not required for some projects. 

The following concentration factors are assumed in calculating the Reporting Limbs: 
Extraction Vol. Final Vol. 

Ground water ~1ooamL 1omL 
Low-level Soil 3og 1Od 
High-level soil I waste 1 g 10 mL 
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Parameter 

Table B-t 
Recommended Conditions 
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Standards may be split into an A and’B mix if resolution of all compounds on both columns is not obtained. 
2 Level 6 is optional and should’only be used if linearity can be maintained on the inshument to this level. 
i Compounds may be used in lieu of running a daily technical Chlordane standard for samples that are non-detect for 
technical Chlordane. 
’ This standard may be used for quantitation of technical chlordane between 50 and loo0 ng/mL.. If & chlordane is 
more concentrated, the extract must be diluted and reanalyzed. 
’ This standard may be used for quantitation of toxaphene between 200 and 4OCO ng/mL. If the toxaphene is more 
concentrated, the extract must he diluted and reanalyzed. 
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Table B-5 

LCS/M&ix Spike and Surrogate Spike levels W/L or pg/kp; 
1 Aqueous 1 Soil I Waste 

ynma BHC (Lindane) 1 0.20 1 6.61 I 200 

-. 
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Table B-7 
Sug~csted Amlyticd Sequence 

Initial C.dibralion 
Solvent blank (optional) 
Breakdown Mix 
Individual mix AB All levels 
Technical Chlordane Level 3’ 
Toxaphene Level 3’ 
Solvent blank . 
Up to 20 samples unless 12 hours comes ftrst) 
Solvent blank (optional) 
Individual mix AB Mid level (Continuing calibration) 
Samples 
After 12 hours: 
Breakdown mix 
Individual mix AB 
Any other single component analytes 
Any tnulticotnponent analytes 

I 
A five point curve for any of the multicomponent analytes may be included 
If Arochlors are included, a 5 point calibration for Arochlor 1016/1260 should be included with the initial 
calibration and a single point for the other Arochlors. The mid point 1016/1260 mix is included with the 
daily calibration (every 12 hours). 

12 hour Calibration 

At least every 12 hours, counting from the start of the initial calibration, or from the start of the last daily calibration, 
the retention time windows must be updated using the Individual mix AEt, and the breakdown mix must be run before 
the continuing calibration. 
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1. SCOPE AND APPLICATION 

- 1.1. This SOP Appendix describes procedures to bc oscd when SW-846 Method 8OOOB is applied to the 
analysis of polychlorinatcd bipbenyls (PCB) by GCJECD. This Appendix is to be applied when SW- 
846 Method 8082 is requested, and is applicable to extracts derived from any matrix which arc 
prepared according to the appropriate Quantcrra sample extraction SOPS. {CORP-OP-0001). The 
PCBs arc determined and quantitated as ArocNor mixes. 

Table C-l lists compounds which arc routinely dctcmiined by this method and gives the Reporting 
Limits (RL) for each matrix. RLs given arc based on the low level standard and the sample preparation 
concentration factors. Matrix interferences may result in higher RLs than those listed. 

Note: SW-846 metbod 8082 provides incomplete guidance for determination of individual PCB 
congcnets. This SOP does not include directiom for eongener specific analysis. 

2. SUMMARY OF METHOD 

This method presents conditions for the analysis of prepared extracts of PCBs. The PCBs arc injected onto 
the column and separated and detected by electron capture detection. Quantitation is by the external 
standard method. 

3. DEFINITIONS 

Refer to the QAMP for definitions of terms used in this document. 

4. INTERFERENCES 
,-- 

4.1. Refer to tic method KKKIB section of this SOP for information regarding cbromatographic intcrfcrcnces~ 

4.2. Interferences in the CC analysis arise from many compounds amenable to gas chromatography that give a 
measurable response on the electron capture detector. Phthalatc esters, which arc common plasticizers, 
can pose a major problem in the detctinations. Interferences from phthalatcs arc minimized by 
avoiding contact with any plastic materials. 

4.3. Sulfur will interfere and can be removed using procedures described in SOP CORP-OP-0001. 

4.4. Interferences co-extracted from samples will vary considerably from source to source. The presence of 
interferences may raise quantitation limits for individual samples. Specific cleattups may be performed 
on the sample extracts, including florisil cleanup (Method 3620). Gel Permeation Chromatography 
(Method 3640), and Sulfur cleanup (Method 3660). These cleanup procedures arc included in SOP # 
CORP-OP-OcKll. 

5. SAFETY 

5.1. Refer to section 5 of the Method 8OOOB SOP for general safety rcquiremenu. 

5.2. Aroclors have been classitied as a potential carcinogen under OSHA. Concentrated solutions of Aroclors 
must be handled with extreme care to avoid excess exposure. Contaminated gloves and clothing must 
be removed immediately. Contaminated skin surfaces must be washed thoroughly. 

6. EQUIPMENT AND SUPPLIES 

6.1. Refer to Section 6 of the 8COOB section of this SOP. A “Ni electron capture detector is required. 

6.2. Refer to Table C-2 for analytical columns. 
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6.3. Microsyringes, various sizes, for standards preparation, sample injection. and extract dilution. 

I. REAGENTS AND STANDARDS 

7.1. Refer to the method SOOOB section of this SOP for general requirements for reagents and supplies. All 
standards for this method must be replaced 

7.2. Refer to Table C-3 for details of calibration standards. 

7.3. Surrogate Standards 

Tetmchloro-m-xylene and decachlorobiphenyl are dte surrogate standards. Other surrogates may be 
used at client request. Refer to Table C-4 for details of surrogate standards. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

Refer to Section 8 of the 6000B section of this SOP. 

9. QUALITY CONTROL 

Refer to Section 9 of the 8OOOB section of this SOP. 

10. CALIBRATION AND STANDARDIZATION 

10.1. Refer to Section 10 of the 8OQOB section of this SOP for general calibration requirements. 

10.2. Initial Calibration 

10.2.1. Refer to Table C-5 for the initial calibration analytical sequence. 

10.2.2. The response for each Amchlor will be calculated by the procedures described in the general 
method for GC analysii, with the following modifications. 

10.2.3. A five point calibration of the Arochlor 1016/1260 mix is generated with at least mid level single 
points for the other Am&r mixes. The average response factor is used to quantitate Amchlors 
1260 and 1016. other Arochlors are quantitated from the mid level single point. 

10.2.4. The analyst may in&de a full 5 point calibration for any of the Arochlors with the initial 
calibration. 

10.25 The high and low standards for the initial 5 point calibration of 1016 I 1260 define the acceptable 
quantitation range for the other Amchlors. If any Amchlor is determined above this concentration 
the extract must be diluted and reanalyzed. 

10.2.6. If the analyst knows that a specific Arcchlor is of interest for a particular project, that Arochlor 
may be used for the five point calibration rather than the 1016 / 1260 mix. 

10.2.7. The surrogate calibration curve is calculated fromthe Amclor 1016/1260 mix. Surrogates in the 
other calibration standards are used only as retention time markers. 

10.2.8. Two options are possible for quantitation of Aroclors. The same quantitation option must be used 
for standards and samples. 

10.2.8.1. Multiple peak option 
? 

Select 3-10 major peaks in the analyte pattern. Calculate the response using the total area or total height of 
these peaks. Alternatively, find the response of each of the 3-10 peaks per Arc=clor. and use these responses 
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independently, averaging the resultant concentmtions found in samples for a final concentration result. 
When using tbis option, it is appropriate to remove peaks that appear to be coeluting with contaminant 
peaks from the quantitation. (i.e. peaks which are sigoificaatly larger than would be expected from the rest 
of the pattern.) 

10.2.8.2. Total area option 

The total area of the standards and samples may be used for &amti~tion of multicomponent analytes. Any 
surrogate or extraaeous peaks within the envelope most be subtracted from the total area. This option 
should not be used if there are significant interference peaks within the multicomponent pattern in the 
samples. Tbe retention time window for total area tneasurement mast contain at least 90% of the area of the’~ 
analyte. 

10.3. 12 hour Calibration 

The 12 how’calibration verification must be analyzed within 12 hours of the start of the initial 
calibration and at least once every 12 hours thereafter if samples are being analyzed. If there is a break 
in the analytical sequence of greater than 12 hours, then a new continuing calibration run must be 
analyzed before proceeding with the sequence. If more than 12 hours have elapsed since the injection 
of the last sample in the analytical sequence, a new analytical sequence must be started with a 12 hour 
calibration. 

10.3.1. At a minimum, the 12 hour calibration includes analysis of the Arochlor 1260 I 1016 mix, 

10.3.2. It is adequate to verify calibration with a mixture of Aroclors 1016 and 1260. If a specific Aroclor 
is expected, it should be included in the daily calibration check. 

r 10.3.3. The retention time windows for any analytes included id the daily calibration are updated, 

10.3.4. For this method samples must be bracketed with successfol calibration verification runs. 

10.4. Calibration verification 

The Arochlor 1260/1016 calibration mix is analyzed as the calibration verification stat&d. This is 
analyzed after every 20 samples, including matrix spikes, LCS, and method blanks. (Depending on the 
type of samples, it may be advisable to analyze verifications more frequently in order to minimize 
WJIIS.). 

10.4.1. A mid level standard is used for the calibration verification. 

11. PROCEDURE 

11.1. Refer to the method SOOOB section of this SOP for general procedural requirements. 

11.2. Extraction 

The extraction procedure is described in SOP No. CORP-OP-~1 

11.3. Cleanup 

Cleanup procedures are described in SOP No. CORP-OP-Mx)l 

11.4. Suggested gas cbromatographic conditions are given in Table C-2. 

11.5. Allow extracts to warm to ambient temperature before injection, 

,- 11.6. The suggested analytical sequence is given in Table C-5. 
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12. DATA ANALYSIS AND CALCULATIONS 

12.1. Identification of Amchlors 

Retention time windows are used for identification of Amchlors. but the “fingerprint” produced by 
major peaks of those analytes in the standard is used in tandem with the retention times for 
identification. The ratios of the areas of the major peaks are also taken into consideration. 
Identification may be made even if the retention times of the peaks in the sample fall outside of the 
retention time windows of the standard, if in the analyst’s judgment the fingerprint (retention time and 
peak ratios) resembles the standard chromatogmm. 

A clearly identifiable Arochlor pattern serves as confwtion of single column GC analysis. However, 
if the pattern is not clear, or if no historical data for the site is available, then second colm~ 
confirmation must be performed. 

12.2. Quantitation of Amchlors 

Use 3-10 major peaks or total area for quantitation 

If the analyst believes that a combination of Amclor 1254 and 1260, or a combination of 1242. 1248 
and 1232 is present, then only the predominant Amchlor is quantitated and reported, but the suspicion 
of multiple Amclors is discussed in the narrative. If well separated Arwlor patterns are present, then 
both Aroclors are quantitated and reported. 

12.3. If there are no interfering peaks within the envelope of the Amchlor, the total area of the standards 
and samples may be used for quantitation. Any surrogate or extraneous peaks within the envelope must 
be subtracted from the total area. 

12.4. Second column confrmation of Awclors will only be performed when requested by the client, or if 
the pattern is not clear or there is no historical data leading to a suspicion that Arochlors may be 
present. The appearance of the multiple peaks in the sample usually serves as a confirmation of 
Aroclor presence. 

12.5. Surrogate recovery results are calculated and reported for decachlorobiphenyl (DCB) unless it is 
determined that sample interference has adversely affected the quantitation of that surrogate. 
Tetmchloro-m-xylene (TCMX) recovery is reported in lieu of DCB in samples having the interference, 
and also may be used in samples in which DCB recovery is low. Corrective action is only necessary if 
DCB and TCMX are both outside of acceptance limits. 

13. METHOD PERFORMANCE 

13.1. Performance limits for the four replicate initial demonstration of capability required under Section 
13.1 of the main body of this SOP are recovery of 70-13096. The spiking level should be equivalent to 
a mid level calibration. 

13.2. Method detection limits (MDL) are determined for Amchlor 1016 and 1260. Amchlor 1016 
representsan Amchlor consisting primarily of low chlorinated congeners while Amchlor 1260 
represents an Arcchlor consisting primarily of high chlorinated congeners. The same reporting limit is 
applied to all Arochlors. and must be supported by both MDLs. 

14. POLLUTION PREVENTION 

Refer to section 14 of the 8OOOB section of this SOP. 



APPENDIX C SOP No. CORP-‘X-0001 
Revision No: 4 

ANALYSIS OF PCBs BASED ON METHOD 8082 Revision Date: 02/13/98 
Page cs of C8 

,--- 
15. WASTE MANAGEMENT 

15.1. Waste generated in this procedure will be segregated and disposed according to the facility 
hazardous waste procedures. The Environmental Health and Safety Diictor should be contacted if 
additional information is required. 

16. REFERENCES 

SW846. Update Ill, December 1996, Method 8082 

17. MISCELLANEOUS 

17.1. Modifications from Reference Method 

17.1.1. Method 8082 includes limited direction for congener specific quantitation. This is outside the 
scope of this SOP. 

17.2. Modiications from Previous Revisions 

The 8082 procedure was added to this revision. 

17.3. 

.- 
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Tables 

The following concentration factors are assutned in calculating the Reporting Limits: 
Extraction Vol. Final Vol. 

Ground water 1000mL 10 mL 
Low-level Soil 3og 1omL 
High-level soil I waste 1 g 1Otd 

Detector temp 1 325°C 

70°C for OSmin, 30°C/min to 190°C. 2.5”C/min to 225, 18Wmin to 
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Level 6 is optional and should only be used if linearity can be maintained on the instrument to this level. 
* Arochlors may be quantitated within the range 100 to 2000 n&L (4000ng/mL if the level 6 1016/1260 standard is 
included). If the Arochlor is more concentrated. it must be reanalyzed at a dilution. 

cy .-553 
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Table C-5 
Suggeatcd Analytical Sequence 

Initial Calibration 
Injection # 
I- 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12-31 

Solvent blank (optional) 
Aroclor 1016/1260 Level 1 
~roclor 1016/1260 Level 2 
~roclor 1016/1260 Level 3 
Aroclor 10160260 Level 4 
Aroclor 101611260 Level 5 
Aroclor 1232 Level 3 
Aroclor 1242 Level 3 
Aroclor 1248 Level 3 
Aroclor 122111254 Level 3 
Solvent blank 
Sample l-20 (or as many samples as can be analyzed in 12 bows 
Solvent blank (optional) 
Aroclor 1016/1260 Level 3 32 

etc 

12 hour Calibration 12 hour Calibration 

At least every 12 hours, counting from the start of the initial calibration. or from the start of the last daily calibrtition, At least every 12 hours, counting from the start of the initial calibration. or from the start of the last daily calibrtition, 
the retention time windows must be updated using the Arochlor 1260 I 1016 mix. Mid level standards of any other the retention time windows must be updated using the Arochlor 1260 I 1016 mix. Mid level standards of any other 
Arochlors expected to be present in the samples are also injected. Arochlors expected to be present in the samples are also injected. 
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1. SCOPE AND APPLICATION 

This method is applicable to the gas chromatographic determination of Chlorinated phenoxy acid herbicides 
in extracts prepared by SOP CORP-OP-Oool. The herbicides listed in Table Dl are routinely analyzed. 
Other chlorinated acids may be analyzed by this method if the quality control criteria in section 9 and the 
initial demonstration of method performance in section 13 are met. 

2. SUMMARY OF METHOD 

This method presents conditions for the analysis of prepared extracts of phenoxy acid herbicides by gas 
chromatography. The herbicides, as their methyl esters, are injected onto the column, separated, and 
detected by electron capture detectors. Quantitation is by the external standard method. 

3. DEFINITIONS 

Refer to the QAMP for definitions of terms used in this document. 

4. INTERFERENCES 

4.1. Refer to the method 8OOOB section of this SOP for general information regarding chmmatographic 
interferences. 

4.2. Chlorinated acids and phenols cause the most direct interference with this method. 

4.3. Sulfur may interfere and may be removed by the procedure described in SOP#CORP-OP-0001 

5. SAFETY 

5.1. Refer to section 5 of the Method 8OLWB SOP for general safety requirements. 

6. EQUIPMENT AND SUPPLIES 

6.1, Refer to Section 6 of the 8OCQB section of this SOP. A Ni6) electron capture detector is required 

62. Refer to Table D2 for analytical columns. 

6.3. Microsyringes, various sizes, for standards pr&ra&n, sample injection, andextract dilution. 

7. REAGENTS AND STANDARDS 

7.1. Refer to section 7 of the 8OOOB section of this SOP for general information on reagents and standards, 

7.2. Refer to Table D-3 and D-l for details of calibration and other standards. 

8. SAMPLE PREPARATION, PRESERVATION AND STORAGE 

Refer to section 8 of the 8OOOB section of this SOP. 

9. QUALITY CONTROL 

9.1. Refer to Section 9 of the 8ooOB section of this SOP for quality control requirements, including the initial 
demonstration of capability, definition of a batch, surrogate limits, method blanks, laboratory control 
samples (LCS), and matrix spikes (MS). 

9.2. Refer to Table D-5 for minimum performance criteria for the initial demonsaation of capability. 

cq -555 
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9.3. Refer to Table D-4 for the components and levels of the LCS and MS mks. 

10. CALIBRATION AND STANDARDIZATION 

10.1. pefer to Section 10 of the 8@3f~B section of this SOP for general calibration requirements. 

10.2. External standard calibration is used for this method. 

10.3. A mid level standard is used for the continuing calibration, 

10.4. Refer to Table D-2, for details of GC operating conditions 

11. PROCEDURE 

11.1. Refer to the method 8000B section of tbis SOP for procedural requirements. 

11.2. Extraction 

The extraction procedure is described in SOP YCORP-OP-0001. 

11.3. Cleanup 

The alkaline hydrolysis and subsequent extraction of the basic solution described in the extraction 
procedure provides an effective cleanup. 

11.4. Analytical Sequence 

The analytical sequence starts with an initial calibration of at least five points, or a daily calibration that 
meets 46 difference criteria from an existing initial calibration. 

11.4.1. The daily calibration most be analyzed at least once every 24 hours when samples are being 
analyzed. If there is a break in the analytical sequence of greater than 12 hours, then a new 
continuing calibration run must be analyzed before proceeding with the sequence. If more than 24 
hours have elapsed since the injection of the last sample in the analytical sequence, a new 
analytical sequence must be started with a daily calibration. 

11.4.2. The daily calibration consists of mid level standards of all analytes of interest. Retention time 
windows must be updated with the daily calibration. 

11.4.3. After every 12 hours a continuing calibration is analyzed. The continuing calibration consists of 
mid level standards of all analytes of.interest. Retention time windows are updated with 
continuing calibrations. 

11.5. Gas Chromatography 

Cbromatographic cqnditions are listed in Table D-2. 

12. DATA ANALYSIS AND CALCULATIONS 

12.1. Refer to the 8000B section of this SOP for identification and quantitation of single component 
W+t.%. 

12.2. The herbicides are analyzed as their methyl esters, but reported as the free acid. For this reesoo it 
iS WCCSiVj’ t0 COHeCt the KdtS for the molecular weight of the ester versus the free acid. This is 
achieved through the concentrations of the calibration standards. For example the 2Oppn calibration 
standard for 2.4-D contains 21.3 pg/L of the methyl ester. No further correction is necessary. 



APPENDIX D SOP No. CORP-GC-0001 
Revision No: 4 

ANALYSIS OF PHENOXY ACID HEBICIDES BASED ON Revision Date: 02/13/98 
SW-846 METHOD 8151A Page D3 of D6 

13. METHOD PERFORMANCE 

13.1. Multiple laboratory performance data has not been published by the EPA for this method. Table D- 
5 lists minimum performance standards required by Qoanterra for the four replicate initial 
demonstration or capability (required by Section 13.2 of the 8OOOB part of this SOP) for this method. 
The spiking level should be equivalent to a mid level calibration. 

14. POLLUTION PREVENTION 

This method does nqt contain any specific modifications that serve to minimize or prevent pollution. 

15. WASTE MANAGEMENT 

Waste generated in this procedure will be segregated and disposed according to the facility hazardous waste 
procedures. The Environmental Health and Safety Director should be contacted if additional information is 
required. 

16. REFERENCES 

Method 8151A, SW-846, Update III, December 1996 

17. MISCELLANEOUS 

17.1. Modifications from Reference Method 

Refer to the method 8OOOB section of this SOP for modifications from the reference method 

17.2. Modifications from Previous Revision 

Modifications to the calibration directions were made in order to make the method consistent with 
method 8OOOB. 
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17.3. Tables 

The following concentration factors are assumed in calculating the Reporting Limits: 

Ground water. 
Low-level Soil without GPC 
High-level soil/waste 

&xtraction Vol. Final Vol. Dilution Factor 
1OLIOtIlL 1omL 20 

sag 10 mL 20 

lg 1OmL 20 

Specific reporting limits are highly mauix dependent. The reporting limits listed above are provided for guidance 
only and may not always be achievable. For special projects, the extracts may be analyzed without any dilution, 
resulting in reporting limits 20 times lower than those in Table D-l. 

Recommended conditions should result in resolution of all analytes listed in Table D-l 
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1 Table D-3 r 
Calibration Standards, free acid equivalent (methyl ester)’ ng/mL 

Compound ) Level 1 1 Level 2 I Level 3 1 Level 4 1 Level 5 1 Level 6' 1 
11 2,4-D 1 20(21.3) 1 40(42.5)r 

1 2,4-DB ( 20(21.1) 1 40(42.2) 1 SO(84.5) 
S(5.25) 
5 (5.27) 

10 (10.6) 
20(21.2) 
10 171 

3PA 

MCPP 

2,4-DCAA 

, - \_ - , .- _-.. 

2,oM) 4,000 8,ooO 
(2,140) (4,280) (8.560) (17,100) (34000) @33,ooo) 

zoo0 4mO 8,O’M 16,ooO 32,000 6‘Lom 
c2,120) (4.260) (8,520) (17.000) (34,100) (68,200) 
20 40 80 160 320 640 

‘The calibration standard solutions contain the herbicides as their methyl esters at the levels in parentheses above. 
These levels are equivalent to the free acid levels also listed above. The herbicides are reported as the free acids. 

* Level 6 is optional 

The reporting limits listed in Table D-l will be achieved with these calibration levels and a 20 fold dilution of the 
/- sample extract. Lower reporting limits can be achieved with lesser dilutions of the sample extract. 
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’ LCS, MS and SS spikes are as the free acid 

nitial demonstration, Initial demonstration, 
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1. SCOPE AND APPLICATION 

1.1. 

1.2. 

1.3. 

1.4. 

1.5. 

1.6. 

This method is applicable to the analysis of Ammonia using a LACHAT 
QUXCHBM AE autoanalyzer system by EPA Method 350.1. 

CAS Number: 7664-41-7. 

The detection limit is 0.1 mg/L as N. 

This method is applicable to drinking, surface and saline water, domestic and 
industrial wastes. Non-aqueous samples may also be analyzed if first extracted with 
deionized water. 

Instrument response is linear to at least 20 mg/L under the conditions stated in the 
method. However, the instrument is usually only calibrated over the range 0.1 to 5 
mg/L in order to improve sensitivity and avoid a large number of calibration points. 

Approximate analytical time is 2 minutes per sample. 

2. SUMMARY OF METHOD 

2.1. Samples are analyzed on the LACHAT QUmCHEM AE system. The method is 
based on the Berthelot reaction: ammonia reacts with alkaline phenol and sodium 
hypochlorite to form indophenol blue. The blue color is intensified using sodium 
nitroprusside. The LACHAT measures absorbance at 630 nm. According to Beer’s 
Law, the absorbance of the reaction product is directly proportional to ammonia 
concentration. 

3. DEFINITIONS 

3.1. Deionized water 

3.1.1. Distilled water pumped through the Millipore system to ensure that it is 
ammonia-free water. 

3.2. Definitions of terms used in this SOP may be found in the glossary of the Quality 
Assurance Management Plan (QAMP). 

4. INTERFERENCES 

--. 
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4.1. 

4.2. 

4.3. 

4.4. 

4.5. 

4.6. 

Suspended matter may clog the system. Particulates may be removed by manual 
filtration. 

High concentrations of calcium and magnesium may cause a precipitate to form. To 
prevent precipitatitin, use EDTA for river and industrial water and tztrate for sea 
water. 

Turbidity may cause interferences in the samples. Turbidity is removed by manual 
filtration. 

Color may cause interference in the samples. Color may be prevented by running the 
samples through the manifold as all the reagents are pumping through with deionized 
water. Non colored samples are run through the manifold as all the reagents are 
pumping through with sodium hypochlorite. The results from the colored samples are 
then subtracted from the non colored samples to obtain the corrected result. 

4.4.1. NOTE: Highly colored samples must be diluted prior to analysis. 

Ammonium hydroxide is a frequently used laboratory reagent so care must be taken 
when handling to prevent contamination of samples, reagents, and standards. Other 
commonly used cleaning compounds may also contain ammonia and contribute to 
contamination. 

Since the method uses a heating coil, the carrier and buffer reagents must be degassed 
with helium. Bubble helium vigorously through solution for one minute to degas 
reagents. 

5. SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of all 
Quanterra associates. 

5.2. Eye protection that satisfied ANSI 287.1 (as per the Chemical Hygiene Plan), 
laboratory coat, and chemically resistant gloves must be worn while samples, 
standards, solvents, and reagents are being handled. Disposable gloves that have been 
contaminated will be removed and discarded; other gloves will be cleaned 
immediately. 

5.2.1. Neoprene, natural rubber, and butyl gloves provide varying degrees of 
protection against those chemicals listed. Refer to permeation/degradation 
charts for the actual data. 

CL\ 7563 
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5.3. The health and safety hazards of many of the chemicals used in this procedure have 
not been fully defined. Additional health and safety information can be obtained from 
the Material Safety Data Sheets (MSDS) maintained in the laboratory. 

5.3.1. The following materials are known to be corrosive: sodium phenolate, sodium 
hypochlorite, ammonia, sulfuric acid. 

5.3.2. Phenol is highly toxic and can be readily absorbed through the skin. Wear 
gloves when handling. Avoid breathing the fumes by handling phenol in a 
fume hood. In case of skin contact, flush with water for at least 15 minutes. 
Notify your project manager or team leader or safety officer of any spills or 
exposures. 

5.3.3. Sodium nitroprusside can release cyanide. Avoid contact with acids, 

5.3.4. Exposure to chemicals must be maintained as low as reasonably achievable, 
therefore, unless they are known to be non-hazardous, all samples must be 
opened, transferred and prepared in a fume hood, or under other means of 
mechanical ventilation. Solvent and waste containers will be kept closed 
unless transfers are being made. 7 

5.3.5. The preparation of standards and reagents. will be conducted in a fume hood 
with the sash closed as far as the operations will permit. 

5.3.6. All work must be stopped in the event of a known or potential compromise to ,’ 
the health and safety of a Quanterra associate. The situation must be reported 
immediately to ‘a laboratory supervisor. 

5.3.7. Wear gloves and apron when handling concentrated acid and bases. Transport 
only in approved carriers. Avoid breathing fumes and vapors; handle in a 
fume hood. Neutralize and clean up any spills immediately. In case of skin 
contact, flush affected area with water for at least 15 minutes. Notify your 
project manager or team leader or safety officer of any spills or exposures. 

.EQUIPMENT AND SUPPLIES 

6.1. LACHAT QUIKCHEM AE Automated Flow’Injection Ion Analyzer, consisting of: 

6.1.1. Automatic sampler 

6.1.2. Proportioning pump 
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7. 

6.1.3. Injection Module equipped with microloop 

6.1.4. Colorimeter with 630 nm filter and 10 mm flow cell 

6.1.5. Reaction module #10-107-06-1-A 

6.1.6. Heating coil (60°C) 

6.1.7. QuikCalc II Software System 

6.1.8. Disposable autosampler vials 

6.1.9. Miscellaneous laboratory apparatus and glassware. 

REAGENTS AND STANDARDS 

7.1. Sulfuric acid for Trace Element Analysis 

7.2. 

7.1.1. Malinkrodt AR Select Sulfuric acid. 

Sodium Phenolate: 

7.2.1. In a hood, weigh and dissolve 83 g crystalline phenol (or 88 mL 88% liquefied 
phenol) in about 600 mL deionized water. While mixing, cautiously add 32 g 
sodium hydroxide and allow to dissolve. Cool to room temperature, dilute to 
1 liter with deionized water, and mix well. 

7.3. 

7.4. 

7.5. 

Sodium Hypochlorite: 

7.3.1. Dilute 250 mL household bleach (5.25% NaOCl) to 500 mL with deionized 
water. 

EDTA Buffer (5%): 

7.4.1. Dissolve 50.0 g disodium ethylenediamine tetraacetate and 5.5 g sodium 
hydroxide in about 900 m.L deionized water. Cool to room temperature, dilute 
to 1 liter, and mix well. Degas this reagent with helium just before use. 

Sodium Nitroprusside: 

7.5.1. Dissolve 3.5 g sodium nitroptusside in 1000 mL deionized water and mix. 

CY-565 
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7.8. 

7.9. 

7.10. 
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Ammonia Stock Standard, 1000 rug/L as N: 

7.6.1. Dry ammonium chloride at 105’C for one hour and cool in a desiccator. 
Dissolve 3.819 g in deionized water and dilute to 1 liter. 

Intermediate Standard, 100 mg/L as N: 
‘.. 

7.7.1. Dilute 10 mL 1000 mg/L Stock Standard to 100 rnL with deionized water. 

Working Standards: 

7.8.1. Dilute the intermediate standard (10 mg/L) with deionized water as follows: 

Std. Aliouot ImL) Final Volume (rrL) Cont. (me/L as N) 
A 5.0 100 5.0 
B 2.0 100 2.0 
C 1.0 100 1.0 
D 0.5 100 0.5 
F 0.1 100 0.1 
G 0 --- 0 (Blank) 

DCS Solution: The DCS solution is a 2.0 mgL mid-level standard. 

A reference standard prepared from an independent source is also run. 

7.10.1.1 .NOTE: Store all reagents at room temperature. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. Samples are to be collected in plastic or glass containers, acidified with sulfuric acid 
to pH < 2, and refrigerated to 4°C. 

8.1.1. If 0.2 mL of sulfuric acid is added to the sample, then 0.2 mL of sulfuric acid 
must be added to the wash water and standards. 

9. 

8.2. The holding time for Ammonia is 28 days. 

QUALITY CONTROL 
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9.1. One method blank must be extracted with every process batch of similar matrix, not 
to exceed twenty (20) samples. The method blank is an aliquot of laboratory reagent 
water processed in the same manner and at the same time as the associated samples. 
Corrective actions must be documented on a Non-Conformance memo, then 
implemented when target analytes are detected in the method blank above the 
reporting limit or when surrogate recoveries are outside control limits. Re-extraction 
of the blank, other batch QC, and the affected samples are required whetrthe method ~. 
blank is deemed unacceptable. See Quanterra Inc. QA Policy 003 for specific 
acceptance criteria. 

9.2. A Laboratory Control Sample (LCS) must be extracted with every process batch of 
similar matrix, not to exceed twenty (20) samples. The LCS is an aliquot of 
laboratory matrix (e.g. water, Ottawa sand, sodium sulfate, etc.) spiked with analytes 
of known identity and concentration, The LCS must be processed in the same manner 
and at the same time as the associated samples. Corrective actions must be 
documented on a Non-Conformance memo, then implemented when recoveries of 
any spiked analyte is outside control limits provided on the LIMS or by the client. 
Re-extraction of the blank, other batch QC and all associated samples are required if 
the LCS is deemed unacceptable. See Quanterra Inc. QA Policy 003 for specific 
acceptance criteria. 

9.3. A Matrix Spike/Matrix Spike Duplicate (MSIMSD or MS/SD) pair must be extracted 
with every process batch of similar matrix, not to exceed twenty (20) samples. An 
MS/MSD pair are aliquots of a selected.field sample spiked with analytes of known 
identity and concentration. The MYMSD pair must be processed in the same manner 
and at the same time as the associated samples. Spiked analytes with recoveries or 
precision outside control limits must be within control limits in the LCS. Corrective 
actions must be documented on a Non-Conformance memo, then implemented when 
recoveries of any spike analyte is outside control limits provided on the LIMS or by 
the client. Re-extraction of the blank, an LCS, the selected field sample, the 
MS/MSD may be required after evaluation and review. 

9.4. A duplicate control sample (LCSD or DCS) must be substituted when insufficient 
sample volume is provided to process an MS/MSD pair. The LCSD is evaluated in 
the same manner as the LCS. See Quanterra Inc. QA Policy 003 for specific 
acceptance criteria. 

9.5. QC Samples 

9.5.1. Aqueous samples require a reagent blank. For soil extractions, a prep blank is 
required with every batch of 20 or less samples. 
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I 

9.5.2. Two DCS samples are required per 20 samples. 

9.5.3. Duplicates may be required for project specific QC. 

9.5.4. Matrix Spike and Matrix Spike Duplicate are prepared at a frequency of an 
MS/MSD pair per twenty samples as required by the.Califomia DOHS. Client 
requested QC may be used to satisfy this requirement. 

9.6. Blanks must be less than the detection limit. 

9.7. DCS/SCS recovery and DCS relative percent difference (RPD) must be within control 
limits. Current limits are in LIMS. 

10. CALIBRATION AND STANDARDIZATION 

10.1. Standard checks must be within 10% of the expected value. 

10.2. The calibration curve must have a correlation coefficient of 0.995 or greater and must 
consist of a minimum of 5 standards in addition to the blank. 

? 
10.3. A reagent blank and an Initial Calibration Verification Standard (ICV) must be 

analyzed following initial calibration and prior to sample analysis. 

10.4. A reagent blank and a Continuing Calibration Standard (CCV) are to be placed on the 
sampler after every 10 or less samples and also at the end of all samples. The CCV 
standard may be made from the same source as the initial calibration standards. 

11. PROCEDURE 

11.1. One time procedural variations are allowed only if deemed necessary in the 
professional judgment of supervision to accommodate variation in sample matrix, 
radioactivity, chemistry, sample size, or other parameters. Any variation in procedure 
shall be completely documented using a Nonconformance Memo and is approved by a 
Technical Specialist and QA Manager. lf contractually required, the client shall be 
notified. The Nonconformance Memo shall be filed in the project file. 

11.2. Any unauthorized deviations from this procedure must also be documents as a 
nonconformance, with a cause and corrective action described. 

11.3. Sample Preparation 
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11.3.1. Soils must be taken through the D.I. Leach procedure before analysis. See 
SOP #LM-CAL.-1012. 

11.3.2. Check the pH of all samples to ensure that they have been properly preserved. 
If necessary, add sulfuric acid to produce a pH of less than 2. 

11.4. Instrument Start-up 

11.4.1. Set up and operate the instrument in accordance to manufacturer’s instructions. 
Install the Ammonia manifold according to manufacturer’s instructions. Use 
deionized water as the carrier. 

11.4.2. Inspect manifold for proper connections. 

11.4.3. Prepare working standards. Refer to section 7. 

11.4.4. Turn on the power to the system unit, pump, autosampler, and the software 
system. Allow the heating coil to warm up to 60°C. The control switch is 
located on the back of the system unit under the back cover. 

11.4.5. Place reagent lines into proper containers. Fasten down the pump tube 
cassettes and tighten the tension one notch. Make sure the reagent tubes are in 
acceptable condition. 

11.4.6. Pump reagents through all lines until all air bubbles have been pumped out; 

(11.4.7. Load the.AMMONIA method onto the computer. The Ammonia background 
will’appear on the slaved computer screen. 

11.4.8. If the flow system is working properly, then the average baselines should, be 
stable in approximately two minutes. No adjustment for the baseline locations 
or peak heights is necessary. The baseline locations and peak heights are 
already set in the software based on the highest standard solution. Depending 
on the age of the color reagent, peak heights might vary slightly. 

11.5. Analysis 

115.1. Fill the culture tubes with the working standards and place in the autosampler 
positions indicated by the letters corresponding to each standard in decreasing 
concentrations. 
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11.5.2. Place the ICV (DCS) in position 1 of the sampler, followed by the ICB and 
reference standard in positions 2 and 3 respectively. Additional blanks and 
DCS are to be analyzed at the beginning of every set of 20 or less samples. 
Reagent blanks and CCV are to be analyzed every 10 samples or less and at 
the end of all samples. If applicable, prep blank and DCS are run and counted 
as regular samples. 

11.53. Load the autosampler with all samples, recording the location of each sample 
number, blank, DCS, etc. on the bench sheet. While the sampler is loading 
and is preparing to run, enter the recorded information into the computer. Be 
sure to record and enter any dilution or prep factors. 

11.54. Start the analysis. 

11.5.5. The instrument will analyze the standards and proceed with the samples if the 
correlation coefficient > 0.995. Ifthe calibration curve is not acceptable, 
locate and correct the problem and then re-calibrate. The instrument should 
be monitored periodically to make sure that standard checks are in control and 
no other problems arise. The calibration statistics and raw data prints out at 
the end of the run. ? 

11.5.6. Check the printout for off scale samples and rerun if necessary. 

11.5.7. If additional samples need to be analyzed, reload the autosampler and enter the 
new tray information. Since the instrument is already calibrated, continue 
direct analysis of the new samples. 

11.6. Instrument Shut-Down 

11.6.1. Place all reagent lines in deionized water and pump for five minutes. Then 
remove the lines from the water and pump the system dry. 

11.6.2. Dram the water out of the wash vessel. 

11.6~3. Turn off the units and unfasten the pump tube cassettes from the pump. 
Release the tension levers. 

11.6.4. Clean up the work area and replace any reagents which have been depleted. 

12. METHODPERFORMANCE 

CY -5770 
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12.1. The group/team leader has the responsibility to ensure that this procedure is 
performed by an associate who has been properly trained in its use and has the 
required expertise. 

13. POLLUTION PREVENTION 

13.1. No solvents of any kind or in any amount are to be disposed of in the sinks or 
evaporated in the hoods. 

14. WASTE MANAGEMENT 

14.1. Waste management in the procedure must be segregated and disposed according to 
the facility hazardous waste procedures. The Environmental Health and Safety 
Coordinator or Hazardous Materials Technician should be contacted if additional 
information is required. 

14.2. All waste must be disposed of according to the facility hazardous waste management 
procedures, Attachment C of the Chemical Hygiene Plan, Section WSO02, Table 1. 

14.3. Samples and other solutions containing high concentrations of toxic materials must be 
disposed of according to the facility hazardous waste management procedures, 
Attachment C of the Chemical Hygiene Plan, Section WSOO3, Disposal of Samples 
After Analysis. 

15. REFERENCES 

16. 

15.1. Method source: Lachat Method 10-107-06-1-A (equivalent to EPA Method 350.1) 

MISCELLANEOUS 

16.1. Deviations from reference method. 

16.1.1. The range was modified from 0.1-20 mg/L to 0.1-5.0 mg/L. 

16.2. Summary of modifications to SOP from previous revisions. 

16.2.1. This SOP was modified to be consistent with the L&hat AE system. 

16.3. List of other SOPS cross-referenced in SOP. 

16.3.1. SAC-QA-0041 Calibration and Calibration Check of Balances, Revision 1.1. 

cy.-57/ 
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16.3.2. QA Policy 003 Quanterra Quality Control Program, Revision 1. 

16.3.3. QA Policy 008 Data Recording Requirements, Rev. 1. 

16.3.4. Chemical Hygiene Plan, Attachment C, Hazardous Waste Management 
Procedures, Revision 0. 

16.35. LP-CAL-0001 Laboratory Documentation Practices, Revision 3.0. 

16.3.6. LM-CAL-1012 Deionized Water Leach Extraction for Wet Chemistry 
Analyses, Revision Chiginal. 

16.4. Facility-specific information required to implement SOP. 

16.5. Tables or figures referenced in body of SOP. 

16.6. Method appendices. 

cw57a 
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1. SCOPE AND APPLICATION 

1.1. 

1.2. 

1.3. 

1.4. 

1.5. 

1.6. 

This method determines nitrate and/or nitrite in surface and saline waters, 
domestic and industrial wastes. This SOP is based on EPA MCAWW 353.2 and 
Standard Method 4500-NO3 F. 

Non-aqueous samples can be analyzed by this method following extraction using 
deionized water. See the SOP “Deionized Water Leaching Procedure for Non- 
aqueous Samples”. 

Nitrite is determined concurrently with nitrate + nitrite by the use of a separate 
manifold configured without the cadmium reduction column. Nitrate is calculated 
by subtracting the nitrite concentration from the combined nitrate + nitrite. 

The analytical range of this method is 0.025 to 1 .O mg/L for nitrite and 0.05 to 2.0 
mgL for combined nitrate + nitrite. Samples that are over the linear range must 
be diluted and reanalyzed. 

The reporting limit for each analyte is 0.05 mg/L as N. 

This method is restricted to use by, or under the supervision of, analysts 
experience in the operation of Lachat Auto-Analyzer and the interpretation of its 
results. 

2. SUMMARY OF METHOD 

,2.1. Samples are analyzed on the Lachat QuikChem AE, an automated calorimetric 
system configured with a cadmium reduction column. A filtered. (optional) 
sample is passed through a column comprised of granulated copperized cadmium 
to reduce nitrate to nitrite. The reduced nitrate and any nitrite originally present in 
the sample are diazotized with the sulfanilamide, then coupled with N-( l- 
naphthyl)-ethylenediamine dihydrochloride to form a highly colored azo dye that 
is measured calorimetrically at 520 nm. The absorbance of this dye is directly 
proportional to the concentration of nitrate + nitrite as N. 

3. DEFINITIONS 

3.1. Definitions of terms used in this SOP may be found in the glossary of the Quality 
Assurance Management Plan (QAMP). 

4. INTERFERENCES 

cy -57’1’ 



4.1. 

4.2. 

4.3. 

4.4. 

4.5. 

4.6. 

.,- 
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Suspended matter builds up in the column and restricts samples flow. Filter the 
sample using 0.45 um ftiters to remove particulates. 

Concentrations of iron, copper, or other metals above several milligrams per liter 
lower the reduction efficiency thus causing low results. EDTA is added to 
samples to eliminate this interference. 

Oil and grease will coat the cadmium surface causing low results. This 
interference can be removed from samples by pre-extraction with organic solvent 
such as chloroform, methylene chloride, or another suitable solvent. 

Samples preserved with mercuric chloride or sodium thiosulfate will degrade the 
reduction column and should not be analyzed by this method. 

Physical interferences such as color and turbidity in the samples will cause high 
results and can be minimized by filtration or dilution. 

Samples may contain interferences that cause the blue-colored azo-complex to 
dissipate upon extended exposure to air. It is recommended that the sample be 
loaded onto the autosampler near or just before injection to minimize exposure to 
air. 

5. SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of 
all Quantma associates. 

5.2. Eye protection that satisfied ANSI 287.1 (as per the Chemical Hygiene Plan), 
laboratory coat, and chemically resistant gloves must be worn while samples, 
standards, solvents, and reagents are being handled. Disposable gloves that have 
been contaminated will be removed and discarded; other gloves will be cleaned 
immediately. 

5.2.1. Neoprene, natural rubber, and butyl gloves provide varying degrees of 
protection against those chemicals listed. Refer to permeation/degradation 
charts for the actual data. 

5.3. The health and safety hazards of many of the chemicals used in this procedure 
have not been fully defined. Additional health and safety information can be 
obtained from the Material Safety Data Sheets (MSDS) maintained in the 
laboratory. 

d4-575- 



SOP No. SAC-WC-0036 
Revision No. 3.0 
Revision Date: 3121197 
Page: 4 of 18 

53.1. Chemicals that have been classified as carcluogens, or potential 
carcinogens, under OSHA include: cadmium. 

5.3.2. The following materials are known to be corrosive: sodium hydroxide, 
hydrochloric acid, copper sulfate, and sulfanilamide reagent. 

5.3.3. The following material is known to be flammable: acetone. 

5.4. Exposure to chemicals must be maintained as low as reasonably achievable, 
therefore, unless they are known to be non-hazardous, all samples must be 
opened, transferred and prepared in a fume hood, or under other means of 
mechanical ventilation. Solvent and waste containers will be kept closed unless 
transfers are being made. 

5.5. The preparation of standards and reagents will be conducted in a fume hood with 
the sash closed as far as the operation will permit. 

5.6. All work must be stopped in the event of a known or potential compromise to the 
health and safety of a Quantetra associate. The situation must be reported 
immediately to a laboratory supervisor. 

6. 

- 

EQUIPMENT AND SUPPLIES 

6.1. Lachat QuikChem AE Automated Plow Injection Ion Analyzer, consisting of: 

6.1.1. Automatic sampler 

6.1.2. Proportioning pump 

6.1.3. Injection Module equipped with microloop 

6.1.4. Colorimeter with 520 nm filter and 10 mm flow cell 

6.1.5. Reaction module #10-107-04-1-C with Cd column 

6.1.6. QuikChem Il Software System 

6.2. Disposable autosampler vials or culture tubes, 12 x 75 mm for samples and 
standards. 

6.3. Acrodisk filters, 0.45 micron. 
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7. 

6.4. Miscellaneous laboratory apparatus and glassware. 

REAGENTS AND STANDARDS 

7.1. Sodium Hydroxide; 15 N: Add 150 g of sodium hydroxide pellets into a 250 mL 
volumetric flask containing at least 200 mL of deionized water and mix until 
dissolved. Cool to room temperature, bring to final volume of 250 mL. Store in a 
plastic bottle, cap tightly. This solution is stable for 1 year. 

CAUTION: This mixture will get extremely hot and give off irritating fumes. 
Prepare in a hood. 

7.2. Ammonium Chloride-EDTA Solution (Buffer solution): Dissolve 85.0 g 
ammonium chloride and 1 .O g disodium ethylenediamine tetraacetic acid 
dihydrate in about 800 mL deionized water in a 1 liter volumetric flask. Adjust 
the pH up to 8.5 by adding 15 N sodium hydroxide solution dropwise. Use pH 
meter and dilute to final volume of 1 liter with deionized water. This solution is 
stable up to one year. 

7.3. Sulfanilamide Reagent: In a 1 liter flask containing at least 600 mL of deionized 
water, carefully add 100 mL of 85% phosphoric acid (HsPOd and mix gently. 
Add 40.0 g sulfanilamide and 1 .O g N-1-naphylethylenediamine dihydrochloride 
(NED) and mix until dissolved. Bring the final volume to 1 liter. This solution is 
light sensitive, store this solution in a dark bottle. This solution is stable for at 
least one month. Discard if severe discoloration occurs prior to the one month 
shelf life. 

7.4. Cadmium-Copper Reduction Column Preparation: 

7.4.1. Hydrochloric Acid, 1 M: Carefully add 8 mL of concentrated hydrochloric 
acid (HCl) into a 100 nL volumetric flask or 100 mL graduated cylinder 
containing at least 90 mL of deionized water. Cap flask or cover the 
graduated cylinder with parafilm and mix solution gently. This solution is 
stable for at least 1 year. 

7.4.2. Copper Sulfate, 2%: Dissolve 20 g CuS04*5 HrO in deionized water and 
dilute to 1000 mJ.,. 

7.4.3. Cadmium Preparation: 

.- 
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7.4.3.1. Place 10 to 20 g of cadmium granules (0.3 - 1.5 mm mesh 
diameter) into a 250 mL Erlemueyer flask. 

7.4.3.2.Wash with two 50 mL portions of acetone, then rinse with 50 mL 
deionized water for at least 3 times, followed by two 50 mL 
portions of 1 M hydrochloric acid. 

7.4.3.3.Rinse several times with deionized water. Dispose of all washings 
and rinses in a suitable waste container. 

7.4.4. Copperization of the cadmium 

7.4.4.1.Pour about 50 mL 2% copper sulfate into the flask containing the 
prepared cadmium granules from 7.4.3.3 and swirl for 5 minutes. 

7.4.4.2.Decant the liquid and repeat with another 50 mL portion of 2% 
copper sulfate. Continue this process until the blue color persists 
in the liquid. 

7.4.4.3.Decant and wash with at least 5 portions of Ammonium Chloride- 
EDTA Solution (See Section 7.2). At this point, the cadmium 
granules should be black or dark gray. The copperized cadmium 
granules may be stored in a tightly capped bottle under Ammonium 
Chloride-EDTA Solution. Do not expose them to air. Waste 
containing copper sulfate should not be poured down the 
drain, but placed in a suitable waste container for proper 
disposal. 

- 

7.4.5. Packing Column: Wear gloves! Be careful not to chip or break the glass 
threads on the column. 

7.4.5.1 .Clamp the empty column in a upright position and unscrew the 
upper fitting. 

7.4.5.2.Place a foam plug in the bottom end of the column. Fasten the 
fitting attached to the bottom end of the column with a disposable 
syringe and fill the column, tubing, and fittings with Ammonium 
Chloride-EDTA buffer solution. 

7.4.5.3.Scoop the copperized cadmium granules with a spatula into the top 
end of the column so that they settle to the bottom of the column. 
Continue tilling with cadmium granules, tapping the column with a 

--,, 



7.5. 

7.6. 

7.7. 

7.8. 

7.9. 

SOP No. SAC-WC-0036 
Revision No. 3.0 
Revision Date: 3121197 
Page: 7 of 18 

screwdriver handle to dislodge any air bubbles and prevent any 
gaps in the column. 

7.4.5.4.When the column is filled to within about 2 mm of the top, cap the 
upper end of the column with the foam plug and reattach the 
fitting. Connect the two ends of ‘the column to prevent air from 
getting inside. 

7.4.5.5.Rinse the outside of the column with deionized water. If air 
remains in the column or is introduced accidentally, push the air 
out by using the disposable syringe filled with buffer solution and 
tapping the column gently with the screwdriver handle until all air 
bubbles are dislodged. 

WARNING: Air bubbles interfere with sample flow. Do not let any air bubbles 
get into the reduction column. Cadmium granules should be kept in buffer 
solution at all times. The column must be taken off line through the blue valve 
while buffer is flowing through it. 

Nitrate Stock Standard, 1000 mg/L as N: Dissolve 7.218 g KNOs in deionized 
water and dilute to 1 liter in a volumetric flask. This solution is stable for 6 
months. 

Nitrite Stock Standard, 1000 mgL as N: Dissolve 4.925 g NaNOs in deionized 
water and dilute to 1 liter in a volumetric flask. This solution is stable for 6 
months. 

Nitrate + Nitrite Intermediate Standard, 10 mg/L NOs/NOs: Dilute 1.0 mL of 
each of the 1000 mg/L Stock Standards in Sections 7.5 and 7.6 to 100 mL with 
deionized water. Prepare fresh monthly. 

Stock reference standards for Nitrate, Nitrite, Nitrate + Nitrite (1000 mgiL): 
Prepare as in sections 7.5,7.6,7.7 but use neat material from a second source 
(vendor or lot number). An ERA Nutrients reference standard or other premade 
standard can also be use as a second source verification standard. 

Working Standards: Dilute the two intermediate standards (10 mg/L of __- __- -- 
NUr+NQ) with DI water into each volumetric flask as follows: 

Std Aliquot (mL) Final Volume (mL) Cont. (mg/L as N)* 

A 10 100 1.0 

B 5 100 0.5 
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C 2.5 100 0.25 

D 1 100 0.10 

E 0.5 100 0.05 

F 0.25 100 0.025 

G 0 _-- BLANK 

8. 

7.9.1. Working standards must be prepared monthly. 

SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. Samples are collected in plastic bottles and stored refrigerated at 4°C k 2. 

8.2. For nitrate or nitrite determination only, samples are unpreserved and must be 
analyzed w%in 2 days (48 hours) from the collection date. 

8.3. For determination of nitrate + nitrite combined, samples are preserved with 2 mL 
of concentrated HzS04 per liter of sample to pH ~2. When preserved, the holding 
time is extended to 28 days from the collection date. 

8.4. For leachates and extracts, analysis must be. performed within 48 hours from 
completion of the extraction/preparation, including filtration. 

9. QUALITY CONTROL 

9.1. One method blank must be extracted with every process batch of similar matrix, 
not to exceed twenty (20) samples. The method blank is an aliquot of laboratory 
reagent water processed in the same manner and at the same time as the associated 
samples. Corrective actions must be documented on a Non-Conformance memo, 
then implemented when target analytes are detected in the method blank above the 
reporting limit. Re-extraction of the blank, other batch QC, and the affected 
samples are required when the method blank is deemed unacceptable. See 
Quanterra Inc. QA Policy 003 for specific acceptance criteria. 

9.1.1. When no independant leaching or extraction procedure is performed, the 
ICB/CCB will be used and evaluated as the method blank. 

9.2. A Laboratory Control Sample (LCS) must be extracted with every process batch 
of similar matrix, not to exceed twenty (20) samples. The LCS is an aliquot of 
laboratory matrix (e.g. water, Ottawa sand) spiked with analytes of known identity 
and concentration. The LCS must be processed in the same manner and at the 
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same time as the associated samples. Corrective actions must be documented on a 
Non-Conformance memo, then implemented when recoveries of any spiked 
analyte is outside control limits provided on the LIMS or by the client. 
Reextraction and/or reanalysis of the blank, other batch QC and all associated 
samples are required if the LCS is deemed unacceptable. See Quanterra Inc. QA 
Policy 003 for specific acceptance criteria. 

9.2.1. When no independant leaching or extraction procedure is performed, the 
ICVKCV will be used, evaluated, and reported as the LCS. ICVKCV 
control limits will apply (i.e. *lo% from the true value) and corrective 
actions will be applied to affected samples, i.e. the associated and 
bracketed samples reanalyzed. 

9.3. When solid samples are assayed by this procedure, a duplicate aliquot of a solid 
sample will be leached as part of the process batch, not to exceed 20 samples. 
The leachates will be the be spiked and then processed as MS/MSDs. The pair 
must be processed in the same manner and at the same time as the associated 
samples. Spiked analytes with recoveries or precision outside control limits must 
be within control limits in the LCS. Corrective actions must be documented on a 
Non-Conformance memo, then implemented when recoveries of any spike analyte 
is outside control limits provided on the LIMS or by the client. Re-extraction of 
the blank, an LCS, the selected field sample, the MS/MSD may be required after 
evaluation and review. 

9.4. A duplicate control sample (LCSD or DCS) must be substituted when insufficient 
sample volume or matrix prevents processing of an MS/MSD pair. The LCSD is 
evaluated in the.same manner as the LCS. See Quanterra Inc. QA Policy 003 for 
specific acceptance criteria. 

9.4.1. When no independant extraction or leaching is performed, consecutive 
CCVs will be used, evaluated, and reported as the LCS/LCSD pair. The 
ICVKCV acceptance criteria and corrective actions will be applied, i.e. 
_+lO% from the true value, reanalyze associated and bracketed samples. 

10. CALIBRATION AND STANDARDIZATION 

10.1. The instrument maximization is part of the instrument set-up and pre-programmed 
internally. 

10.2. Instrument calibration is done daily before any samples are analyzed. The 
calibration curve consists of five (5) standards and a blank. The correlation 
coefficient of the curve must be at least 0.995 or greater. 

CY-5SI 
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10.3. An Initial Calibration Verification Standard (KY) and a reagent blank (ICB) must 
be analyzed immediately following initial calibration and prior to sample analysis. 

10.3.1. The ICVKCV standard concentration is the mid-point concentration of the 
calibration curve and must be within 10% of the expected value. If not, 
correct the problem and reanalyze any affected samples back to the last 
CCV. Perform a new multipoint curve if the ICV fails upon reanalysis. 

10.3.2. The ICBKCB value must be less than the reporting limit. 

10.4. A Continuing Calibration Verification (CCV) and reagent blank (CCB) are to be 
placed on the autosampler after every ten or less samples and at the end of the run. 

10.5. Corrective actions and suggestions for repeated failures of calibration verifications 
and calibration blanks. 

10.51. Check for contamination in the reagents and standards. 

10.5.2. Be sure all reagents were made correctly and have not exceeded their 
expiration dates. - 

10.5.3. Check system for obvious problems such as plugs, leaks, and pump tubes. 

10.5.4. Identify samples may deactivate the reduction column. Samples may need 
to be diluted and reprepared. Consult with the Area Leader before 
continuing. 

10.5.5. Analyze a 2 mg/L Nitrite-N standard and compare to a 2 mg/L Nitrate-N 
standard. If the results differ by more than 15%, the column has 
deteriorated and needs to be repacked. 

10.5.6. If you are unable to locate and solve the problem, consult your supervisor 
for further corrective actions. 

11. PROCEDURE 

Il. 1. One time procedural variations are allowed only if deemed necessary in the 
professional judgment of supervision to accommodate variation in sample matrix, 
radioactivity, chemistry, sample size, or other parameters. Any variation in 
procedure shall be completely documented using a Nonconformance Memo and 
approved by a Technical Specialist and QA Manager. If contractually required, 
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the client shall be notified. The Nonconformance Memo shall be filed in the 
project file. 

11.2. Any unauthorized deviations from this procedure must also be documented as a 
nonconfotmance, with a cause and corrective action described. 

11.3. This SOP was written explicitly for the &hat QuikChem AE system and must be 
followed in order to work with the existing programs in the instrument. Any 
deviations from this SOP may necessitate modifications to the program. Also, 
any changes in the program may require alterations in this SOP. 

11.4. Sample Preparation 

11.4.1. Soils are leached following the SOP “Deionized Water Leaching 
Procedure for Non-Aqueous Samples”. 

11.5. Instrument Start-up 

11.5.1. The instrument is to be set up and operated in accordance to the 
manufacturer’s instructions. Install the nitrite and nitrate+nitrite manifolds 
according to manufacturer’s instructions. Nitrite may be analyzed alone if 
the reduction column is bypassed. The carrier will be deionized water for 
unpreserved samples. 

11.52. Inspect manifold for proper connections. Make sure that there is 
sufficient volume for all reagents for the entire run. All reagents and 
standards must be within the expiration dates. 

11.5.3.,Prepare working~standards as stated in Section 7. 

11.5.4. Turn on the power to the system unit, pump, autosampler, and the software 
system. The heating coil is not needed and must be turned off. 

11.5.5. Place all lines into an Erlenmeyer flask containing deionized water for 
rinsing purposes only (approximately 5 min.). This step is recommended 
to ensure that the system does not retain any contaminants prior to 
initiation of the analysis. 

11.5.6. Place reagent lines into proper containers. Fasten down the pump tube 
cassettes and tighten the tension one notch. Make sure the reagent tubes 
are in good working condition. 

CL/-583 
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11.57. Pump reagents through all lines until all air bubbles have been pumped 
out. 

11.58. Bring the cadmium column on line by turning on the blue valve on the 
NOz+NOs manifold. Make,sure there are no air bubbles inside the flow 
system. 

11.59. Load the NITRATE+NITRITE method in the computer. You will see the 
NOs+NOs and NOs backgrounds on the computer screen. 

1 1 5. lO.If the flow system is working properly, the average baselines should be 
stable in about two minutes. No adjustment for the baseline locations or 
peak heights is necessary. The baseline locations and peak heights are 
already set in the software based on the highest standard solution. 
Depending on the age of the color reagent, peak heights can be slightly 
different from previous runs. 

11.6. Analysis 

11.6.1. Check the pH of samples by using pH paper. If the sample pH is below 5 
or above 9, adjust to between 5 and 9 with either cont. HzS04 or cont. 
NaOH. Document the pH adjustment on the associated sample paperwork. 

NOTE: If pH adjustment is not performed, then standards must be matrix- 
matched to the acid-preserved NO3 + NO2 samples. Adjust standards with 
dropwise additions of cont. HrS04 to pH 2. 

11.6.2. Fill the sample tubes with the working standards in decreasing 
concentration and place in the autosampler positions indicated by the 
letters corresponding to each standard. (Example: spot A should have the 
highest standard). 

11.6.3. Place the ICV (LCS) in position 1 of the sampler, followed by the ICB and 
reference standard in positions 2 and 3 respectively. Additional blanks 
and LCSs are to be analyzed at the beginning of every 20 or less samples. 
If applicable, prep blanks and additional LCSs are run and counted as 
regular samples. 

11.6.4. Load the autosampler with the samples, recording the location of each 
sample number, blank, LCS, etc., in the instrument run logbook. When 
the sampler is loaded and ready to run, enter this information into the 
computer. Be sure to record and enter any dilution or prep factors. 

--. 
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11.65. Start the analysis. The instrument will analyze the standards and proceed 
with the samples if the correlation coefficient > 0.995. If the calibration 
curve is not acceptable, locate and correct the problem and then 
recalibrate. The instrument should be monitored periodically to make sure 
that standard checks are in control and no other problems arise. The 
calibration statistics and raw data~ should be printed at the end of the run. 

11.6.6. Check the printout for off scale samples and rerun if needed. 

11.6.7. If additional samples are to be analyzed, reload the autosampler and enter 
the new tray information. Since the instrument is already calibrated, you 
may proceed directly to analysis of the new samples using a different batch 
identification. 

11.7. Instrument Shut-Down 

11.7.1. Take the cadmium column off line by turning the blue valve off. If the 
column is still in acceptable condition, you may leave it connected on the 
manifold for the next use. 

11.7.2. Place all reagent lines in deionized water and pump at normal speed for at 
least 5 minutes. Then remove the lines from the water and pump the 
system dry. 

11.7.3. Drain the water out of the wash vessel. 

11.7.4. Turn off the units and unfasten the pump tube cassettes from the pump. 
Release the tension levers. 

11.7.5. Clean up the work area and replace any reagents which have been 
depleted. 

11.8. Calculations: 

11.8.1. Nitrate is calculated manually by subtracting the Nitrite value from the 
Nitrate + Nitrite value. 

11.8.2. Nitrocellulose (NC) calculation (see appropriate SOP): 

Cont. In sample extract (mg N / L) = Instrument Response-Y Intercept 
Slope 
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11.8.2.1.The final result is calculated by the following equation: 

Final Results (mg NC/g) = A X B X C 

Where: 

A = Concentration in sample extract (mg NIL) 

Conversion from mg/L to pg/L : mg/L X 1000 pg/mg = 1008 ugIJ- 

B = Concentration Factor 

Volume of Extract 
= Weight of Sample taken for Analysis (g) 

AuLo.2L/g 
0.5 g 

C = Conversion Factor 

= ugNCIg 1 = - = 7.547 
uisN/g 0.1325 

Note: Conversion Factor is based on the assumption that Nitrocellulose (NC) is 
13.25% N. 

11.8.3. For % recovery and %RPD calculations, see Policy QA-003. 

12. METHOD PERFORMANCE 

12.1.~ The group/team leader has the responsibility to ensure that this procedure is 
performed by an associate who has been properly trained in its use and has the 
required expertise. 

13. POLLUTION PREVENTION 

13.1. No solvents of any kind or in any amount are to be disposed of in the sinks or 
evaporated in the hoods. 

14. WASTE MANAGEMENT 

14.1. Waste management in the procedure must be segregated and disposed according 
to the facility hazardous waste procedures. The Environmental Health and Safety 
Coordinator or Hazardous Materials Technician should be contacted if additional 
information is required. 

---. 
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14.2. All waste must be disposed of according to the facility hazardous waste 
management procedures, Attachment C of the Chemical Hygiene Plan, Section 
WSO02, Table 1. 

14.3. Samples and other solutions containing high concentrations of toxic materials 
must be disposed of according to the facility hazardous waste management 
procedures, Attachment C of the Chemical Hygiene Plan, Section WSO03, 
Disposal of Samples After Analysis. 

15. REFERENCES 

15.1. EPA MCAWW 353.2 Nitrogen, Nitrate-Nitrite (Calorimetric, Automated, 
Cadmium Reduction). 

15.2. Standard Method 4500-NO3 F. Automated Cadmium Reduction Method, 18th 
Edition 1992. 

15.3. Method source: Lachat Method 10-107-04-1-C equivalent to EPA Method 353.2 

15.4. The Determination of Nitrocellulose in water by Calorimetric Autoanalyzer. 
DataChem Laboratories, Version 1, January 15, 199 1. 

16. MISCELLANEOUS (TABLES, APPENDICES, ETC.) 

16.1. Deviations from the referenced methods. 

16.1.1. Instrumentation : Lachat Quickem AE instead of Technicon Autoanalyzer. 
Both instruments are compatible and designed for. this method. 

16.1.2. Linear range is designed based on the manufacturer’s recommendation of 
0.05 to 2.0 mgL instead of 0.05 to 10.0 mg/L+. 

16.1.3. Absorbance is 520 mn instead of 540 nm. 

16.1.4. Sodium Hydroxide is used in place of Ammonium Hydroxide for pH 
adjustment. 

16.1.5. Sulfuric Acid is used in place of HCl for pH adjustment. 

16.1.6. Reagent preparation are performed according to the manufacturer’s 
instructions and may differ from the’method. 
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16.1.7. Shelf life for standard curve of daily is changed to monthly and was based 
from the in-house stability study performed for these analytes. 

16.1.8. Preservation with Chloroform is omitted. Shelf life on stock standards 
lasts for at least 1 year without preserving with chloroform. 

16.1.9. From the reference material pertaining analysis of Nitrocellulose, the 
standard preparation, calibration and criteria is not clearly defined and 
therefore the analytical protocols for Nitrate are adopted for this analyte. 
Dedicated section for the conversion of Nitrate as N to Nitrocellulose 
(NC) is included in this SOP. 

. 

16.2. Summary of modifications to SOP from previous revisions. 

16.2.1. The SOP was modified to be consistent with the use of the LACHAT AE 
Autoanalyzer. 

16.2.2. The new QA-003 policy is incorporated. 

16.2.3. Quantetra SOP format adopted. 

16.3. List of other SOPS cross-referenced in SOP. 

- 
16.3.1. LP-CAL-COO1 Laboratory Documentation Practices, Revision 3.0. 

16.3.2. QA Policy 003 .Quantetra Quality Control Program, Revision 1. 

16.3.3. QA Policy 008 Data Recording Requirements, Rev. 0. 

16.3.4. Chemical Hygiene Plan, Attachment C, Hazardous Waste Management 
Procedures, Revision 0. 

16.3.5. Deionized Water Leaching Procedure for Non-Aqueous Samples. 

16.3.6. Extraction of Nitrocellulose from water and soils samples. 

c4 -5gd 
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Nitrate/Nitrite by Lachat AE Autoanalyzel 
SAC-WC0036 

I. Turn,;,,. .! 

Pump reagents through all lines. 

. 

1 Fill culture tubes with standards and samples. 1 

Start analysis. 

1 Verify correlation coefficient is > 0.995.1 

Place all reagent lines in DI water and 
drain water out of wash vessel. I 

ITurnpoweroff.1 ’ 
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Appendix 1 

Example Forms 

(Reviewer Checklist) 
(Example Lachat Report) 

(Instrument Run Log) 
(Non-Metals Extraction Log) 

-. 
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1. Scope ad Application 

1.1 

1.2 

1.3 

1.4 

1.5 

Applicable matrices: Water, soil, solids, sludge and waste. 

Dynamic range: This method covers the range from 5 to 1000 mg/L of 
extractable material for liquids. The range for solids is from 100 
to lOO,OOO+ mg/Kg. 

Analysis time: Total hands-on time for analysis of samples is 
approximately 30 minutes per sample (15 samples + 3 QC per shift). 
Because of drying, total time for analysis is approximately 24 hours 
for 1 to 15 samples. 

2. Method Summary 

This method includes the measurement for fluorocarbon-113 (freon) 
extractable matter from surface and saline waters, industrial and 
domestic wastes. It is applicable to the determination of relatively 
non-volatile hydrocarbons, vegetable oils, animal fats, waxes, soaps, 
greases and related matter. It is NOT applicable to the measurement 
of light hydrocarbons that volatilize at temperatures below 70 
degrees Centigrade. 

Reporting limits: 5 mg/L for liquids 
100 mg/Kg for solids 

2.1 Oil and grease is determined differently depending on whether sample 
matrix is liquid or solid. 

2.1.1 For liquids, an acidified sample (pHc2) is serially 
extracted with freon in a separatory funnel. The solvent 
is then evaporated from the extract and the residue 
weighed. 

2.1.2 XF For solids, a representative aliquot of the sample is 
placed in a glass container with sodium sulfate and 
serially extracted with freon. The solvent is then 
evaporated from the extract and the residue weighed. 
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. . 

3. comments 

3.1 Interferences 

3.1.1 Matrix interference is likely if samples contain any non- 
oil substances that dissolve in freon. 

3.1.2 Scrupulous care must be taken to avoid any water being 
extracted which will lead to erroneously high results. 

.,- 

4. Safety Issues 

4.1 

4.2 

4.3 

4.4 

All employees are expected to be familiar with and follow the 
procedures outlined in the Enseco safety plan. Lab coats and safety 
glasses are required in all laboratory areas at all times. Consult 
your supervisor or safety officer with any specific questions or 
safety concerns. 

Wear gloves when handling concentrated acids and solvents. Transport 
them only in approved containers. Avoid breathing fumes and vapors 
of freon by venting separatory funnels and evaporating extracts 
inside a fume hood. 

The toxicity or carcinogeneity of each chemical used in this 
procedure has not been precisely defined. Each chemical and sample 
should be treated as a potential health hazard. 

A Material Safety Data Sheet (MSDS) is available for each laboratory 
reagent used in this analysis. These should be reviewed by the 
analyst before handling the chemicals. 

5. Sample Collection and Preservation 

5.1 Liquid samples are collected in 1 liter glass bottles. If analysis 
is to be delayed for mire than a few hours, the sample is preserved 
by the addition of 1 mL concentrated sulfuric acid at the time of 
collection and refrigerated at 4'J C. 
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5.2 Solid samples are to be sealed and refrigerated at 40 C. 

5.3 The holding time for liquids is 28 days from the date of sampling. 
There is no defined holding time for solid samples. 

6. Apparatus 

6.1 Separatory funnel, 2000 I& with Teflon stopcock. 

6.2 Eoiling flask, 125 mL with ground glass joint. 

6.3 Distilling arm to fit boiling flask and collection bottle. 

6.4 Collection bottle, 1000 mL capacity. 

6.5 Filter paper, Whatman l/PS 11 cm diameter. 

6.6 Glass funnel for filter paper. 

6.7 Water bath, 700 C. 

6.8 Glass bottles, 6 ounce, with screw cap (for solids). 

6.9 pH indicator paper, O-14 range. 

6.10 Graduated cylinder, 1000 mL 

7. Reagents and Standards 

7.1 Sulfuric acid, concentrated. 

7..2 Freon-113, 1,1,2-trichloro-1,2,2-trifluoroethane(freon), b.p.=4SG C. 
NOTE: Each new batch of freon must be analyzed by NDIR (EPA 413.2) 
to verify that it contains less than 5mg/L oil and grease. 

_ 

c-t-534 
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7.3 Sodium sulfate, anhydrous crystal. 

7.4 DCS solution. Weight 1 gram 3-in-1 oil to the nearest 0.1 mg into a 

1OOmL volumetric flask and dilute to mark with freon. Calculate 
spike amount based on 5mLs in 1OOOmL DI water. Refrigerate at 40 C. 
EXPIRES IN 3 MONTHS. 

8. Procedure 

8.1 Par liquid samples: 

8.1.1 Mark the sample bottle at the water meniscus for later 
determination of sample volume. 

8.1.2 Measure sample pIi with indicator paper. If pH is not less 
than 2 then add In& concentrated sulfuric acid to sample 
and mix. Check pH again. If not less than 2, add 
subsequent mLs of acid until it is leae than pkl 2. Record 
on benchsheet any sample that is unpreserved. 

8.1.3 Pour the sample into a separatory funnel. 

8.1.4 Tare a boiling flask that has been pre-dried at 1030 C. and 
desiccated until cool to the nearest 0.1 mg. 

8.1.5 Add 3OmL freon to the empty eample bottle and rotate to 
rinse the sides. Transfer the solvent into the aeparatory 
funnel. Extract by shaking vigorously for 2 minutes. 
Allow the layers to separate then filter the lower layer 
(freon) through 1 gram sodium sulfate salt placed in the 
filter paper cone. Both filter paper and salt should be 
moistened with solvent before sample is added. 
note 1: If an emulsion forms, drain it slowly through the 
sodium sulfate. Add more salt as required. 
Note 2: To avoid having water penetrate the filter paper, 
leave a small amount of freon behind in the funnel after 
each extraction. 

8.1.6 Repeat 8.1.5.twice more with additional portions of fre6h 
solvent. (Do not rinse container further.) Combine all 
three extracts in the flask. 

CY -5% 
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8.1.7 

8.1.8 

8.1.9 

8.1.10 

8.1.11 

Rinse the separatory funnel tip, the filter paper and 
sodium sulfate with lo-ZOmLs freon. Add this to the extract 
already in the flask 

Connect the boiling flask to the distilling arm and 
evaporate the solvent by immersing the lower half of the 
flask in water at 700 C. 

When the flask appears dry, remove it from the water bath. 
Carefully wipe the flask down to remove excess water and 
then place it in a drying oven set at 600 C for 1 hour. 
Desiccate flask until cool. 

Weigh the flask to the nearest 0.1 mg and record on 
benchsheet. If weight is not stable then return flask to 
desiccator for further cooling. 

Determine volume of sample used by filling sample bottle to 
meniscus mark (8.1.1) with water and then transferring to a 
1OOOmL graduated cylinder. 

8.2 For soil samples: 

8.2.1 

8.2.2 

8.2.3 

8.2.4 

8.2.5 

8.2.6 

Weigh out 10 grams sample to the nearest 0.1 gram. Place 
sample in a 6 Gunce glass bottle. 

Add 30mL freon to bottle and shake vigorously for lo-15 
minutes (mechanical shaker can be used). 

Pour extract through moistened sodium sulfate salt and 
filter paper into a tared flask as described in 8.1.5. Add 
more salt as needed to prevent water from passing through 
the filter. 

Repeat 8.2.2 and 8.2.3 twice, combining all three extracts 
in the tared flask. 

Rinse the salt and filter paper with lo-20 mLs of 

additional freon and combine with extracts. 

Evaporate solvent and dry flask as described in 8.1.8 
through 8.1.10. 

,CY -596 
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9. Calculation 

9.1 R-T 
mg/L cur mg/Kg oil and grease = ------- x l,OOO,OOO 

A 

where: 

R = residue plus flask weight in grams 
T = tare weight of flask in grams 
A = aliquot of sample, liquids in mLa, solids in grams. 

,- 

10. QA/QC Requirements 

10.1 QC Samples 

10.1.1 One blank is required with every batch of 20 or lees 
samples. A blank consists of,lOOOmL acidified DI water 
which is taken through all steps of the analysis. 

10.1.2 A pair of LCS samples (DCS) is required with every 20 or 
less samples. An LCS consists of 5mL DCS solution '(7.4) 
added to 1000 inL DI water, acidified, and taken through all 
steps of the analysis. 

10.2 Acceptance Criteria 

10.2.1 Recovery and RPD on DCS samples must be within laboratory 
control limits which are updated periodically. 

10.2.2 Blank result must be less than the reporting limit. 

10.3 Corrective Action 

10.3.1 If the blank reads greater than the reporting limit but ie 
less than twice its value then the data can be reported 
with a notation. If the blank is greater than twice the 
reporting limit then the data is rejected. In either case, 
the solvent should be re-checked by NDIR and diecarded if 
found to be greater than 5 mg/L. If the solvent is "clean" 
then all transfer containers should be checked for 
contamination and cleaned. 

CLJ- 547 
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10.3.2 If the DCS average percent recovery and/or the RPD are 
outside of control limits then the data is rejected. The 
DCS solution should be discarded. 

11. Reporting 

11.1 Report all results as either mg/L or mg/ICg Oil and Grease. 

11.2 Results below the detection limit are reported as ND. 

11.3 Significant figures to report are 2 for all results less than 10 ppm 
and 3 for all results greater than or equal to 10 ppm. 

12. References 

12.1 Method Source: 

12.1.1 EPA-600, 1974 Edition. Method 413.1. 

12.1.2 SW-846, Third Edition 9186. Method 9070. 

12.2 Deviations from Source Method 

12.2.1 1 mL concentrated sulfuric acid is used to acidify samples 
instead of 5 mL.s 1:l hydrochloric. 

12.2.2 Whatman PS/l filter paper used instead of No. 40. 

12.2.3 Flasks with residue are dried in a 600 C oven for 1 hour 
and desiccated until cool instead of sweeping out with 

vacuum and desiccating for 30 minutes. 

12.2.4 Samples are not blank subtracted. 

12.2.5 Extraction procedure for soils is a modified addition to 
the method. 

-\ 
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1. SCOPE AND APPLICATION 

1.1 

1.2 

1.3 

This method is applicable to the determination of total cyanide 
in drinking, surface, and saline waters, domestic and industrial 
wastes, sludges, and soil samples. The method detects cyanide 
compounds that are present, as either simple soluble salts or 
complex cyanides. This is used to determine values for total 
cyanide. 

The detection limit is 0.010 mg/L for aqueous samples and 
0.5 mg/kg for non-aqueous samples, using the automated 
calorimetric method of analysis. The range extends to 0.5 mg/L 
for aqueous samples and to 25 mg/kg for non-aqueous samples. 

A batch of 10 samples is processed through distillation in about 
3 hours. 

2. SUMHARY OF HETHOD 

2.1 The cyanide as hydrocyanic acid (HCN) is released from acidified 
cyanide complexes by means of a reflux distillation operation 
and is absorbed in a scrubber containing sodium hydroxide (NaOH) 

absorbing solution is then solution. The cyanide ion in the 
determined calorimetrically. 

3; COMMENTS 

3.1 Interferences 

3.1.1 Physical interferences are 
the distillation process. 

eliminated or reduced during 

Prepared By: 
John Barnett 

Management Approval: 

1: 

I 

Date: 
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3.1.2 

3.1.3 

3.1.4 

3.1.5 

3.1.6 

Sulfides can seriously affect the calorimetric analysis. 
Sulfide presence is indicated by lead acetate paper 
turning blue when moistened with a drop of sample. It 
can be eliminated by adding powdered cadmium carbonate to 
approximately 75 mL of sample. Yellow cadmium sulfide 
will precipitate. Add the cadmium carbonate until the 
sample no longer darkens the lead acetate paper. Filter 
the solution through filter paper into a graduated 
cylinder. Avoid a large excess of cadmium and a long 
contact time in order to minimize a loss by complexation 
or occlusion of cyanide (CN) on the precipitated 
material. 

Oxidizing agents such as chlorine can destroy cyanide. 
Chlorine presence is indicated by potassium iodide-starch 
test paper turning blue when moistened with a drop of 
sample. Chlorine can be eliminated by adding ascorbic 
acid, a few crystals at a time until a drop of sample 
produces no color on the indicator paper. Then add an 
additional amount (approximately 0.06 g) of ascorbic acid 
to the sample. Maintain pH of sample at >12 during 
treatment by adding NaOH pellets if needed. 

Carbonate in high concentration may affect the 
distillation by causing excessive gassing when acid is 
added. The carbon dioxide (C02) released may 
significantly reduce the NaOH content of the scrubber. 
Bubbles formed in the flow cell may interfere with the 
automated calorimetric analysis. 

The presence of surfactants may cause the sample to foam 
during refluxing. If this occurs, the addition of an 
agent such as Dow Corning 544 Antifoam Agent will prevent 
the foam from collecting in the condenser. This can be 
prevented in certain samples by first adding MgC12 and 
then Cont. H2SO4. The foaming can be eliminated or 
minimized. 

Nitrate and/or nitrite may react with organic compounds 
during distillation and ultimately form cyanide. They 
may be removed prior to distillation with sulfamic acid. 
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4. SAFETY ISSUES 

4.1 

4.2 

4.3 

4.4 

4.5 

Follow Enseco-Cal Lab safety regulations (e.g., gloves, glasses, 
and lab coats (GGC), safety sheet, and Emergency Preparedness 
Plan). 

Cyanide is highly toxic. 
up spills immediately. 

Handle it only in a fume hood. Clean 
If it comes into contact with acid the 

extremely toxic gas hydrocyanic acid forms. 

In case of skin contact with cyanide, bases, or acids, flush 
area with water for 15 minutes. 

Work with concentrated acids only in a fume hood; avoid 
breathing fumes. Neutralize and clean up spills immediately. 
Transport concentrated acid bottles only in impact-proof 
containers. 

Conduct distillation only in a fume hood. Build up of pressure 
in the apparatus can cause hot acidic solution to spray out of 
the thistle tube. 
boil. 

Keep the sash of the hood down while samples 

5. SAMPLE COLLECTION, PRESERVATION. CONTAINERS. AND HOLDING TIMES 

5.1 

5.2 

5.3 

5.4 

5.5 

Liquid samples should be collected in IDDO mL plastic or glass 
bottles with 2 mL of 10% N ~NaDH as preservative. 

Solid samples can be collected in an B oz. jar, or a metal core 
tube. 

All water and wastewater samples must be distilled as soon as 
possible and analyzed within 14 days after sampling. 

Contract Laboratory Program (CLP) soil/sediment samples must be 
distilled and analyzed within 14 days of sample receipt. 

Store at 4oC. 

CY -6O/ 
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6. APPARATUS 

6.1 Microdistillation set-up. 

6.2 Heat controller. 

6.3 Glassware: lOO-mL and 1-L volumetric flasks 
IOO-mL graduated cylinders. 

6.4 Top pan balance. 

6.5 125 mL Nalgene bottles 

7. REAGENTS AND STANDARDS 

7.1 Sodium hydroxide solution, 1.25 N: Dissolve 50 g of NaOH in 
approximately 300 mL of deionized water in a l-liter volumetric 
flask. Dilute to the mark. 

7.2 

7.3 

Sulfuric acid, concentrated. 

7.4 

7.5 

Magnesium chloride solution: Dissolve 510 g of MgC12-6H20 in 
approximately 500 mL of deionized water into a l-liter 
volumetric flask. Dilute to the mark. 

Stock cyanide standard, 1000 ppm: Dissolve 2.51 g of KCN and 
2.0 g of NaOH in about 300 mL deionized water in, a l-liter 
volumetric flask. Dilute to mark. 

Working cyanide standard, 10 ppm: Add 1.0 mL of 1OOOppm stock 
standard to 20 mL of 1.25 N NaOH in a lOO-mL volumetric flask. 
Dilute to the mark with deionized water. 

7.6 pH test strips; 

7.7 Lead acetates paper. 

7.8 KI-starch test paper. 

7.9 Cadmium carbonate, powdered. 

.- 

7.10 Ascorbic acid crystals. 
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7.11 Sulfamic acid solution, 0.4N: Dissolve 409 of sulfamic acid 
;;;:sls !n 500 mL of deionized water in 1 liter volumetric 

. Dilute to mark. 

7.12 Dow Corning 544 antifoaming agent. 

8. PROCEDURE 

8.1 For aqueous samples: 

8.1.1 Measure pH of samples with pH test strips. If >12 
indicate so on log sheet. If t12 notify supervisor and 
indicate approximate pH on log sheet. 

8.1.2 If samples are known or suspected to contain sulfide, 
test with lead acetate paper. If positive, proceed as in 
3.1.2. 

8.1.3 If samples are known or suspected to contain chlorine, 
proceed as in 3.1.3. 

8.1.4 Pour 50 grams, or portion of the sample diluted to 50 
grams, in the 100 mL microdistillation flask. Add a few 
boiling stones. 

8.1.5 If samples are known or suspected to contain nitrate and 
or nitrite, add 5 mL of 0.4 N sulfamic acid solution. 

8.2 For solid samples: 

8.2.1 Measure 2.0 g of well-mixed sample into the 
microdistillation flask. Add a few boiling stones. Add 
50 g deionized water. 

8.2.2 If samples are known or suspected to contain sulfide, 
test with lead acetate paper. If positive, proceed as in 
3.1.2. 

8.2.3 If samples are known or suspected to contain chlorine, 
proceed as in 3.1.3. 

8.2.4 If samples are known or suspected to contain nitrate and 
or nitrite, add.5 mL of 0.4 N sulfamic acid solution. 

c4 -403 
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8.3 

8.4 

8.5 

8.6 

8.7 

8.8 

8.9 

Connect the flask to the condenser. Fill the absorbing tube 
with 20 mL of 1.25 N NaOH and connect it to the scrubber. 
Connect air line and be sure all connections are airtight. 

Turn on condenser water at a sufficient rate to cool condenser. 
Flow of water must be checked when solution starts refluxing. 
Be sure that condenser stays cool by increasing water flow. 

Start a stream of air entering the boiling flask by adjusting 
the vacuum to approximately two bubbles per second. The air 
flow must be monitored throughout the analysis. The bubble rate 
will not remain constant after reagents are added and while heat 
is applied to the flask. 

Slowly and carefully add 3.0 of concentrated H2S04 to the inlet 
tube. 

Slowly add 2.0 mL of magnesium chloride solution and follow with 
a distilled water rinse of the inlet tube. Swirl gently. 

Heat the sample to boiling and reflux for one hour after 
condensation appears. Turn off heat and continue bubbling for 15 
minutes. 

Remove the absorption tube from the distillation apparatus. 
Rinse twice the inside and outside of the bubbler into.the tube 
with dHOH. Pour the contents of the tube (1.25N NaOH) into a 
125 mL Nalgene bottle. Rinse twice. Bring to a total volume of 
100 grams. 

B i.10 Label the bottle with the original sample volume or weight, the 
final distillate volume (IOOg), and the sample number. If it is 
a redistillation, put that on the bottle along with the date. If 
it is a spike, label it as such and include the spike 
concentration as it applies to the sample. If it won't be 
analyzed that day, store in a refrigerator., 

8.11 After distillation wash the inlet tube, flask, and absorbing 
tube with soap and water. Then rinse absorbing tube with HCl 
rinsewater to ensure complete removal of CN. 

8.11.1 The rest of the apparatus can be rinsed with deionized 
water between distillations. 

-. 
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9. QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) REQUIREMENTS 

9.1 Definition 

9.1.1 A batch is a group of samples processed at the same time. 

9.2 QC Samples for Contract Laboratory Program (CLP) 

9.2.1 One preparation blank per batch or per 20 samples, 
whichever is more frequent. Use deionized water. 

9.2.2 The ICV solution must be distilled and 
samples. 

analyzed with 

9.2.3 For each matrix and each concentration 
duplicate per batch or per 20 samples, 
frequent. Sample may be designated by 

9.2.4 For each matrix and each concentration 

level, one sample 
whichever is more 
EPA. 

level, one sample 
of aqueous sample spike (add 0.5 mL of 10 ppm CN to 50 g 

or 2 g of solid sample) per batch or per 20 samples, 
whichever is more frequent. Sample may be designated by 
EPA. 

9.3 QC.Samples for Commercial Work (Non-EPA) 

9.3.1 

9.3.2 

9.3.3 

9.3.4 

9.3.5 

One preparation blank per batch or per 20 samples, 
whichever is more frequent. Use 50 g deionized water. 

Duplicate Control Samples (DCS) per 20 samples. Add 
0.5 mL of 10 ppm CN to 50 g deionized water. 

A Single Control Sample (SCS) per analytical lot (here 
defined as all samples processed in a 24-hour period). 
Add 0.5 mL of 10 ppm CN to 50 g deionized water. 

One sample duplicate - only when requested by client. 

One sample spike (add 0.5 mL of 10 ppm CN to 50 g of 
aqueous sample or 2 g of solid sample) - only when 
requested by client. 
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LO. REFERENCES 

10.1 Method Sources 

10. 

10. 

10. 

10. 

1 .l Method 335.2, Methods for Chemical Analysis of Waters and 
Wastes (EPA). 

1 .2 Standard Methods for the Examination of Water and 
Wastewater, 16th edition. 

.3 Method 9010, SW-846, 2nd edition. 

.4 CLP-M, Method 335.2, modified for the Contract Laboratory 
Program. 

10.2 Deviations to Method Sources and Rationale 

10.2.1 This method can be used for CLP-M, Method 335.2; MCAWW 
335.2; SW846 9010; and Standard Methods. The method 
variances are minor. 

10.2.2 This method uses a micro-distillation set-up so that 
smaller amounts of sample are used than in the quoted 
methods. Thishas been approved by EPA as an acceptable 
variance. 

10.2.3 SW846 Method 9010 included both total cyanide and 
amenable cyanide. If only total cyanide is requested by 
9010, we perform only the total cyanide test and quote 
Method 9010. 

10.2.4 To reduce sulfide interferences when a sample contains 
sulfide, this method uses cadmium carbonate powder to 

,precipitate the sulfide. This is from CLP-M Method 
335.2. Method 9010 uses bismuth nitrate and Method MCAWW 
335.2 uses lead acetate. The cadmium carbonate is an 
acceptable alternative for all methods. 

CY-kJO& 
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Incorporated. It is submitted to a client or government agency solely for its 
use~in evaluating Quanterra's qualifications in connection with the particular 
project, certification or approval for which it was prepared, and is to be 
held proprietary to Quanterra. 

The user agrees by its acceptance or use of this document to return it upon 
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agree to the conditions stated above. 

1. SCOPE AND APPLICATION 

1.1 This method is applicable to the determination of: 

Total cyanide 
Cyanide amenable to chlorination 
Weak acid dissociable'cyanide 

1.2 Sample preparation for the above parameters is described in 
separate SOP's. i.e., SOP No. LM-CAL-1099 (total). LM-CAL-1102 
(amenable to chlorination). LM-CAL-1101 (weak acid dissociable). 

Prepared By: 
Don Fredrickson 

QA Officer Appr&al: 

Date: 
October 12, 1993 

Date: 
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Date: 
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1.3 Detection Limits: 

Parameter 

Total cyanide 
Amenable to chlorination 
Weak acid dissociable 

Waters 

x: 1;:: 
0101 mg/L 

Soi l/Waste 

0.5 mglkg 
0.5 mg/kg 
0.5 mglkg 

.- 

1.4 Applicable matrices 

1.4.1 This method is applicable to drinking, surface, and saline 
waters, domestic and industrial wastes..soil and other non- 
aqueous matrices. 

1.5 Dynamic range 

1.5.1 The range extends to 0.5 mg/L (aqueous samples) and to 25 
mg/kg (non-aqueous samples). Higher concentrations are 
analyzed by dilution of the sample. 

-_ 

1.6 Approximate analytical time is 1 hour for a group of 20 samples, 
not including time for instrument set-up. 

2. SUMHARY OF METHOD 

2.1 

2.2 

2.3 

2.4 

Samples for total cyanide are prepared by distillation of the 
cyanide from an acidic medium. 

Cyanide amenable to chlorination is prepared by chlorinating an 
aliquot of the sample and then distilling for total cyanide. A 
second aliquot is distilled without chlorination for total cyanide. 
Cyanide amenable to chlorination is defined as the difference 
between the two results. 

Weak acid dissociable cyanide is prepared by distillation from a 
slightly acidified solution. 

Samples prepared by the above methods are analyzed calorimetrically 
on a Autoanalyzer System. The sam le is buffered and reacted with 
Choramine-T to produce cyanogen ch onde. This then reacts with a ? 
pyridine-barbituric acid reagent to produce a red colored complex. 



.-. 

Subject or Title: 
Cyanide. Total: Automated Analysis 

c ihanterm .I 
YTANDARD 

OPERATING 
PROCEDURE 

Page 3 of 11 

SOP No.: Revision No.: Effective Date: 
LM-CAL-1034 ~2.0 October 12. 1993 

.- 

3. COMMENTS 

3.1 Interferences 

3.1.1 

3.1.2 

3.1.3 

3.1.4 

3.1.5 

3.1.6 

3.1.7 

3.1.8 

3.1.9 

Oxidizing agents such as chlorine will destroy cyanide. 

Some unidentified organic compounds may oxidize or form 
decomposition products during chlorination, giving higher 
results for cyanide after chlorination than before 
chlorination; this gives a negative value for cyanide 
amenable to chlorination. Examples include samples from 
petroleum refineries, the steel industry, and pulp and 

1 
aper processing. The weak acid dissociable method should 
e used for these samples. 

Sulfide may interfere with the analysis. Sulfide is tested 
for and removed during sample prep. 

Chlorine added to the sample for amenable cyanide must be 
completely destroyed before distillation. Otherwise. it 
may distill over and destroy the non-amenable cyanide. 

Nitrate &d/or nitrite may react with o~rganic compounds 
during distillation to form cyanide. 

Samples containing surfactants may foam excessively during 
distillation. 

The extent to which some metal-cyanide complexes are 
destroyed by chlorination depends on the amount of chlorine 
present and the time allowed for reaction. 

High carbonate concentrations may react' violently when 
sulfuric acid is added to the samples during distillation. 
It may also interfere with the automated calorimetric 
analysis by forming bubbles in the flow cell. 

Aldehydes. glucose. and other sugars may convert cyanide to 
cyanohydrin during distillation. 

3.1.10 Amino acids may distill with the cyanide and interfere with 
the analysis. 
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3.1.11 Fatty acids may interfere by forming soaps in the absorption 
solution. 

3.2 Helpful hints 

3.2.1 Cyanide amenable to chlorination is sometimes referred to as 
"Free Cyanide." The weak acid dissociable method also 
determines "Free Cyanide" and it is important to identify 
the method due to the different sample preparation. 

4. SAFETY ISSUES 

4.1 

4.2 

4.3 

4.4 

4.5 

Follow Enseco-Cal Lab safety regulations (e.g.. Gloves. Glasses. 
and Lab Coats (GGC). Safety Sheet. and Emergency Preparedness 
Plan). 

Cyanide is highly toxic. Pre are standards in a hood. Clean up 
spills immediately. Do not a Y low acids to come into contact with 
cyanide salts or concentrated solutions - extremely toxic HCN gas 
will form from acid and cyanide. 

Pyridine and chloramine-T are eye/skin/membrane irritants. The 
pyridine-barbituric acid and chloramine-T reagents should be 
prepared in a fume hood and kept covered as much as possible. 

In case of skin ~contact with samples. standards, or reagents, flush 
area with water for at least 15 minutes. 

The waste from the analysis is slightly acidic. Add sodium 
hydroxide to the waste container to keep any unreacted cyanide from 
escaping into the air. 

5. SAMPLE COLLECTION, PRESERVATION. CONTAINERS, AND HOLDING TIMES 

5.1 Water samples are to be collected in plastic bottles and preserved 
with 2 ml of 10 N sodium hydroxide per liter of sample. 
Refrigerate at 4oC. 

5.2 Soil and waste samples should be collected in wide mouth jars and 
refrigerated at 4DC. 
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5.3 The holding time for water and soil samples is 14 days from 
collection. For CLP samples, the holding time is 12 days from 
receipt of samples. 

6. APPARATUS 

6.1 Lachat autoanalyzer consisting of auto-sampler, pump, injection 
module, calorimeter. and computer. 

6.2 570 nm filter and 10 mm flow cell for calorimeter 

6.3 Miscellaneous laboratory apparatus and glassware. 

7. REAGENTS AND STANDARDS 

7.1 Pyridine-Barbituric Acid Reagent 

7.1.1 Place 159 barbituric acid in a 1600 mL volumetric flask and 
add about 100 mL distilled water. Add 75 mL pyridine and 
mix. Carefully add 15 mL concentrated hydrochloric acid and 
mix. Dilute to volume with distilled water and store at 
4oc. 

7.2 Phosphate Buffer Solution 

7.2.1 Dissolve g7g potassium dihydrogen phosphate momnohydrate in 
distilled water and dilute to 1000 mL. 

7.3 Chloramine-T 

7.3.1 Dissolve 4.09 chloramine-T in distilled water and dilute to 
1000 mL. Prepare fresh daily and keep covered. 

7.4 Sampler Wash--Sodium Hydroxide, 1% 

7.4.1 Dissolve 109 sodium hydroxide in distilled water. Cool to 
room temperature. dilute to 1000 mL. and mix well. Store in 
a elastic bottle. 

c4-6/l 
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7.5 Calibration Standard Stock Solution. 1000 mg/L 

7.5.1 Dissolve 2.519 potassium cyanide and 2g sodium hydroxide in 
distilled water and dilute to 1000 mL. Standardize using 
0.0192 N AgN03. The titrated value should be within 5% of 
expected. 

7.6 10 mg/L Intermediate Standard. 

7.6.1 Pipette 1.0 mL Stock Standard (1000 mg/L) into a 100 mL 
volumetric flask. Add 20 mL 1.25 N sodium hydroxide, dilute 
to volume with distilled water and mix. Prepare fresh bi- 
weekly. 

7.7 Calibration Standards 

7.7.1 Using 100 mL volumetric flasks add 20 mL 1.25 N NaOH. add 
amount of intermediate standard as below, and dilute to 
volume with distilled water. Prepare these standards 
biweekly. 

Aliauot. mL Final Vol;. mL Concentration. ma/L 

Fl.1 
100 
100 i!F" 

0.5 100 0.05 
2.0 100 0.20 
4.0 100 
5.0 100 Ki 

7.7.2 ;;;Bblank also serves as the Continuing Calibration Blank 

7.7.3 A midLrange standard (typically the 0.2 mg/L) serves as the 
Continuing Calibration Verification (CCV). 

7.8 Initial Calibration Verification (ICV) Standard 

7.8.1 A second source is used for both CLP and non-CLP samples. 
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8. PROCEDURE 

8.1 

8.2 

8.3 

8.4 

8.6 

8.7 

Set up the manifold. Pump reagents through the,system until a 
steady baseline is obtained. 

While the system is pumping, prepare the calibration standards. 

When a steady baseline is obtained, adjust it to the bottom of the 
chart with the baseline control. 

Start the sampler and adjust the peaks for the high standard to 
full scale with the standard cal control. Readjust the baseline if 
necessary. 

Analyze the calibration standards in order of increasing 
concentration. followed by the ICV. ICE. Reference Standard. prep 
blank, DCS/SCS. and billable samples. A CCV and a CCB must be 
analyzed at least every 10 samples (distilled items), and again at 
the end of the run. 

Each QC lot should be analyzed together as a group. Dilute any 
samples that are greater than the high standard and reanalyze. All 
dilutions must be performed with 1% sodium hydroxide. The sequence 
of reference, samples. etc. should be recorded on the bench sheet. 

At the end of the.run, flush the system with distilled water and 
turn off the instrument. 

9. CIA/DC REQUIREMENTS 

9.1 QC for 

9.1.1 

9.1.2 

9.1.3 

CLP Samples (Contract Laboratory Program) 

A prep blank must be analyzed after the ICV. 

As a control sample. an ICV. a 0.1 mg/L standard (mid-range) 
must be distilled and analyzed with every analytical run. 
This should be run immediately after the calibration., 

After every 10 samples and at the end of the run a CCV and a 
CC8 must be run. 
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9.1.4 A duplicate and a sample,spike (0.10 ppm) must be run for 
each batch or for every 20 samples. whichever is more -. 
frequent. 

9.2 QC for Non-CLP Samples 

9.2.1 

9.2.2 

9.2.3 

9.2.4 

9.2.5 

9.2.6 

9.2.7 

An ICV is run immediately after the calibration standards. 
The ICV must be distilled with the samples. 

An ICB must be run after the ICV. 

A prep blank, distilled with the samples, must be analyzed 
after the Reference Standard. 

Duplicate Control Samples (OCS) and Single Control Samples 
(SCS). are spiked with CN at 0.10 ppm and prepared with the 
samples. DCS (two samples) are required for every 20 
samples. An SCS is required with every analytical lot (here 
defined as all samples processed in a 24-hour period). 

Duplicates may be required for project specific QC. 
Duplicates are to be taken through the entire prep and 
analysis together. 

Sample spikes may be required for project specific QC. 
Spikes are prepared with the samples. 

A CCV and CCB are required after every 10 samples and at the 
end of the run. 

9.3 Acceptance Criteria 

9.3.1 ICE's and CCB's must be less than the reporting limit. 

9.3.2 The ICV must be within control limits of B5-115% for CLP- 
like projects. Alternatively, non-CLP projects will be 
controlled using historical control limits provided in LIMS 

9.3.3 OCS/SCS recovery and Relative Percent Difference (RPD) for 
DCS must be within control limits established according to 
the Laboratory Performance QC SOP, M-EQA-002. Current 
control limits are in LIMS. 

--. 
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10. 

11. 

9.3.4 Control limits for CLP sample spike recoveries and duplicate 
RPD's are, with certain exceptions described in the CLP 
Statement of Work. 75-125% and 20% respectively. 

9.3.5 The standard curve must have a correlation coefficient of 
0.995 or greater. 

9.3.6 CCV's must be within 10% of the expected value. 

9.4 Corrective action required 

9.4.1 Check the dilutions made when preparing standards and 
redilute if necessary. 

9.4.2 Reprep samples if DCS/SCS results are out of the control 
limits or if the blank shows excessive contamination. 

9.4.3 If the sample spike recovery is not within the control 
limits a post-distillation spike must be run. This is done 
by s 

7 
iking the unspiked sample distillate at twice the 

samp e concentration or twice the reporting limit whichever 
is greater. 

9.4.4 For cyanide amenable to chlorination; i,f the chlorinated 
aliquot shows more cyanide than the unchlorinated aliquot. 
the sample must be reprepped using the Weak and Dissociable 
method. 

CALCULATIONS 

10.1 Cyanide amenable to chlorination: 

10.1.1 Subtract the result for the chlorinated aliquot from the 
unchlorinated aliquot. This difference is cyanide amendable 
to chlorination. 

REPORTING 

11.1 Reporting units are ug/L for waters and mg/kg for nonaqueous 
samples. 
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'11.2 Reporting limits are 10 ug/L for waters and 0.5 mg/kg for 
nonaqueous samples. Samples less than the reporting limit are 
reported as ND. 

11.3 Significant Figures: 

O.Ol- O.lO- l.O- lo- loo- 
0.09 0.99 9.9 99 999 lOOO+ 

;;;:,‘s 0.0x o.xx xxx xxx0 __ 0.x ;:i ii xxx xxx0 
Reactive -- 0.x x.x xx xxx xxx0 



c iFuanterrz9 
, .&new 

STANDARD 
OPERATING 
PROCEDURE 

Subject or Title: 
Cyanide, Total: Automated Analysis 

Page 11 of 11 

SOP No.: Revision No.: 
LM-CAL-1034 2.0 

Effective Date: 
October 12. 1993 

12. REFERENCES 

12.1 Method sources: EPA Method 335.3 and EPA Method 335.2 CLP- 
modified. 

12.1.1 Additional information was obtained from Standards Methods 
and ASTM. 

12.2 Deviations from source method and rationale 

12.2.1 The automated method is used following manual distillation 
Automatic distillation is not oerformed. 
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1.1. The purpose of this document is to establish procedures for the identification and 
documentation of nonconformances and the corrective actions .taken as a result of 
these events. The Quanterra@ Quality Assurance Management Plan (QAMP) requires 
documentation of instances of deviations from established control limits, approved 
SOPS, or client-specified requirements. The Nonconformance Memo (NCM) 
described in this procedure is.used to document deviations from plan specifications 
together with their cause and correction. The NCM maybe a written document or a 
defined electronic formatted document transmitted via e-mail. 

1.2. This document applies to procedures, services, data, reports, or materials purchased by 
the laboratory or supplied by the laboratory to its clients. Nonconformances related to 
incoming samples may bc documented separately from the NCM process by use of the 
Condition Upon Receipt (CUR) Form as described in a facility-specific sample 
receiving/log-in standard operating procedure (SOP). Regardless of which system a 
lab chooses to use to handle these sample receipt client-related issues, including 
holding time violations (HTVs), the system must include and emphasize the 
immediate notification of the Project Manager (PM). This will allow the PM to 
initiate immediate client notification and resolution of how to proceed. See Section 5, 
Definitions, for further clarification of application. 

1.3. Identification of suspected adverse conditions (deviations) can be made by laboratory 
employees in the course of their work or by individuals outside Quanterra’s@ 
laboratories through review of records, audit, or proficiency testing. 

2. RESPONSIBILITIES 

2.1. Laboratory Associate: During the course of their work, all employees are 
responsible for identifying and documenting problems, using a Nonconformance 
Memo, that might affect the quality of QuanterraW product. They should also 
identify or attempt to seek out possible measures to correct the problem. By signing or 
initialing laboratory notebooks, forms, bench sheets, data reports, and other quality- 
related documents, associates are verifying that procedures have been followed. Any 
deviation that might render a measurement suspect shall be documented. 

2.2. Group Leadermeam Leader/Supervisor (for purposes of this SOP, the term 
“Supervisor” will be used): Each supervisor is responsible for the review of NCMs to 
ensure that problems which might affect quality are adequately described and that 
personnel are assigned to correct them. Supervisors sign NChJs and forward them to a 
project manager. Together with project managers and Quality Assurance personnel, 



SOP No. CORP-QA-0010 
Revision No. 1 
Revision Date: 4l23l97 
Page: 5 of 17 

supervisors are responsible for determining the appropriateness of planned corrective 
actions. 

2.3. Project Manager (PM): The project manager isresponsible for relaying project 
requirements to staff so that special project requirements are understood and 
nonconformances recognized. The project manager communicates conformance 
problems to clients and documents decisions made with clients. The project manager 
ensures that short-term corrective actions for routine analytical QC failures are 
completed. An example would be making sure that repreparation and analysis of a 
sample was done. The project manager can and must withhold final reports to clients 
until corrective actions agreed to with the client have been completed. 

2.4. QA Manager: The Quality Assurance manager or his or her designee is responsible 
for assigning log numbers to the NCMs as received, reviewing all prepared NCMs to 
ensure that actions taken are appropriate, and assisting in resolving QA/QC 
discrepancies. The QA statTwill maintain a nonconformance tracking system to 
guarantee that each nonconformance is brought to closure. The system will also be 
used to monitor for trends that might indicate long-term quality problems. Systematic 
problems are investigated, NCMs issued and reviewed, and audits conducted to ensure -_ 
that long-term corrective actions have been successfully completed. If review of an 
area reveals a significant problem with data quality, the Quality Assurance manager 
has the authority and responsibility to stop production in that laboratory area. 

2.5. Operations/Systems Manager : The operations/systems manager shall ensure that 
corrective actions are correct and have been implemented. The operations/systems 
manager shall document this review and concurrence by signing the NCM as the 
responsible manager, if QA-required, for a specific corrective action. Along with the 
laboratory manager, the operations/systems manager shall emphasize the importance 
of quality requirements and require all employees to report any problem that might 
adversely affect the quality of work. 

2.6. Laboratory Manager: The laboratory manager shall emphasize the importance of 
quality requirements and require all employees to report any problem that might 
adversely affect the quality of work. The laboratory manager is also responsible for 
the implementation of the NCM system in the laboratory. 

2.7. Corporate QA Director: The Quanterra@ Quality Assurance Director should be 
notified of any continuing non-confonnances that are not properly addressed by 
operations or where the root cause cannot be identified. 
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3. SAFETY 

3.1. Normal office dependent safety precautions must be taken in performing this SOP. ‘If 
personnel are required to perform any portion of the procedure in labotitory areas, 
appropriate personal protective equipment and precautions must be utilized. 

3.2. Procedures shall be carried out in a manner that protects the health and safety of all 
Quanterra@ associates. 

3.3. All work must be stopped in the event of a known or potential compromise to the 
health and safety of a Quanterra@ associate. The situation must be reported 
immediately to a laboratory supervisor. 

4. PROCEDURE 

4.1. When to Initiate a Nonconformance Memo 

.- 

4.1.1. Lab associates are to prepare a nonconformance memo (NCM) whenever 
procedures, services, data, reports, electronic disk deliverables (EDDs), or 
materials deviate from established specifications. All nonconformances 
require an NCM (see definitions of nonconformance, anomalies, and 
deficiencies in Section 5 and Section 1.2 for exceptions). 

4.1.2. All standard operating procedures (SOPS) shall be followed. By signing or 
initialing laboratory notebooks, forms, data reports, and other quality-related 
documents; employees are verifying that the SOPS have been followed with the 
exceptions of the pre-approved deviations (as d&&bed in QAPjPs or Quality 
Assurance Summaries). Any intentional deviation from an SOP must be pre: 
approved by the QA manager and technical specialist. Any deviation from a 
SOP or client requirement not previously approved must be documented on an 
NCM. 

4.1.3. An NCM is to be completed for each instance of a nonconformance. A single 
NCM can be used for a single event affecting multiple project numbers and 
samples, but normally a separate NCM would be prepared for different 
nonconformance issues. If the nonconformance involves projects for multiple 
project managers, then the NCM will need to be communicated to each project 
manager. The laboratories may utilize any communication system they feel 
best satisfies this required communication and maintains the integrity of the 
NCM process. 
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4.2. How to Process the NCM Form 

4.2.1. Enter the information required at the top of the form (see Example Form in 
Attachment A, printed forms are available from QA). Names or initials must 
be uniquely identified by using three initials or by spelling out,the last name. 
Use specific test codes (when available) rather than generic codes such as 
“VOAs” or “Anions.” At a minimum enter Project ID, QuantIMS batch 
number or LIMS QC Lot number if appropriate, in addition to sample 
numbers. The laboratory generating the NCM is identified as part of the log 
number (e.g., AUS-97-123). Therefore, separate laboratory location 
identification is not required on the form. 

4.2.1.1. If the NCM is for a holding time violation, the project manager must 
be notified immediately. ,.~ 

4.2.1.2. An instrument tag-out does not require the completion of the NCM if 
there are no client samples involved (e.g., instrument out of service to 
perform routine maintenance.) See section 4.2.5. 

--. 
4.2.2. Check appropriate NCM boxes. If box 31-“Other’‘-is checked, supply a 

brief description of the problem. Attach further information as necessary. 

4.2.3. Complete the reverse side of the form concerning root cause and corrective 
actions. These sections may be filled out jointly with the supervisor. Consult 
the project manager or the operations/systems manager and QA manager if the 
supervisor and associate are uncertain of corrective actions. Be objective and 
specific but brief. Include enough information that decisions to approve.the 
NCM can be made easily (include pertinent QC information). 

4.2.3.1. Design corrective actions to correct the immediate problem (short- 
term corrective actions) and to minimize the possibility of its 
recurrence (long-term corrective actions). Examples of corrective 

* actions are modifications to nonconforming procedures, repair or 
replacement of deficient equipment, training personnel, and 
reanalysis of any affected samples. Additional sheets documenting 
corrective action may be attached to the NCM. Reference the 
attachment on the NCM. 

4.2.3.2. Where operational corrective actions sre required, they shall be 
supported with reference to recovery data, control charts, or other 
documentation. 



-- 

4.2.4. If the corrective action involved retraining, the training must be documented 
with the signatures of the trainees and submitted to the QA staff. 

4.25. InstrumentEquipment Nonconformance Tag 

4.2.5.1. Instruments and equipment which habitually fail to meet calibration : 
criteria or are out of service due to needed repair or other reasons 
must be marked with a tag indicating the nonconforming condition. 
(See Example in Attachment B.) 

4.2.5.2. If the reason for the nonconformance tag caused sample data to be 
impacted, initiate an NCM and mark box 30. Identify the instrument 
by name and/or identification number and briefly describe the 
problem. This information can be recorded on page 2 under 
“Problem Description/Root Cause”. Submit the NCM to the group 
supervisor. 

4.2.5.3. Upon receipt of the NCM, QA assigns the NCM number and provides 
the number to the analytical group so that the nonconformance 
tracking number can be recorded in the instrument’s maintenance log. 

4.2.5.4. The corrective action will be to either permanently remove the 
instrument from service or to have the instrument repaired. If an 
instrument is repaired, its reliability must be demonstrated through 
successtul recalibration before the nonconformance can be closed. 
The nonconformance tag remains in effect during the demonstration 
period. Record this information in the instrument maintenance 
logbook. Reference the successful calibration on the tag and return 
the tag to the QA staff for closure of the NCM. 

4.2.6. Submit the form to the supervisor responsible for the area indicated at the top 
of the form. 

4.3. Supervisory Review, Approval, and Signature 

4.3.1. Review the information provided. Complete or amendthe descriptions of root 
cause and corrective action. If the corrective action has not been determined, 
the situation must be referred to the project manager and the 
operations/systems manager for resolution to ensure client requirements can be 
satisfied. The QA staff should be consulted if there are questions as to how to 
proceed. If the above input was not needed, the operations/systems manager 
does not need to have every NCM routed to him or her. If, upon receipt and 
review of the NCM by the QA staff, it is felt the operations/systems manager 
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needs to be made. aware of the issues, the QA staff will notify and document 
the notification of the operations/systems manager on the form. 

4.3.2. If the nonconformance is hardware/equipment~related, the item shall be 
nonconformance tagged and segregated, if possible, to ensure that it is not used 
until repaired. 

4.3.3. The supervisor will be responsible for the completion of the corrective action 
unless otherwise indicated. Enter the name of the person responsible for 
performing the corrective action if other than the supervisor. This is 
Operations’ commitment to rectify the problem. This will be verified by the 
QA staff and/or the operations/systems managers. 

4.3.4. The supervisor signs and dates the “Corrective Action Approved By” line and 
forwards the original form to the project manager.. The project manager must 
receive the NCM in a timely manner, generally within 48 hours. If the NCM is 
for a holding time violation, a project manager must be notified immediately. 

4.4. Project Manager Review, Client Notification, and Project Documentation 

4.4.1. The project manager shall determine if client notification is required to either 
assist in the definition of corrective action or to notify the client of problems 
related to sample analysis. The project manager shall indicate on the NCM 
whether client notification is required or not. 

4.4.2. Record the result of the client contact or leave blank if client contact was not 
‘. required. Sign and date the NCM form. Tlus must be done whether client 

notification is completed or not. The signature documents the project manager 
as having read and reviewed the NCM. 

4.4.3. Document any changes to the corrective action plan, and notify the supervisor. 
The project manager’s signature on the front of the NCM serves as 
documentation that the PM has read and reviewed the NCM and is aware of the 
corrective action plan. 

4.4.4. The project manager will forward the original to the QA office within 72 hours 
for review and closure. The PM may keep a copy for his or her own personal 
use, but the original must be forwarded to the QA office. 

4.4.5. If the noncoofonnance involves analytical work in process, the finnl report 
cannot be released until a project manager has signed the NCM. 
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4.4.6. If it is found that emmeous analytical data (e.g., from data validation 
comments or phone requests, etc.; inaccurate chromatograms, spectra, 
calculations, or final reports) have been released by the laboratory, this fact 
must be documented on an NCM (items 25 and 26 on NCM .form) and 
forwarded to the QA office. Prior to making the corrections, proper 
documentation shall be filled out and turned in to the QA staff if corrections 
are needed in the database (LIMS or QuantIMS). The original data shall be 
marked as unusable and maintained for historical purposes. The corrective 
action shall include prompt client notification and issuance of amended reports. 

4.4.7. tier the QA staffhas closed the NCM, the original of the closed NCM will be 
filed either in the project file or QA tiles per laboratory procedure. 

4.5. Quality Assurance Review and Tracking 

4.5.1. The QA staff shall review all NCMs for conformance with standard laboratory 
practices. 

4.5.2. NCMs will be reviewed to ensure that the corrective action was completed. 

4.5.3. A tracking system will alsd be used to monitor for repetitive.failures that might 
indicate systematic problems. Tracking records would (when applicable) 
include: 

l NCM log number 
l Date initiated 
l Project number 
l Lab sample ID numbers 
. Method or parameter 
. Nonconformance description and NCM box number 
l Corrective action required 
. Characterization as an anomaly or deficiency, 
l Closure of NCM 

4.5.4. The QA staff shall identify repetitive quality issues that may be systematic in 
nature and may require corrective actions to prevent recurrence. Recurrent 
technical or Information Technology problems shall be referred to the 
appropriate technical group for corrective actions. Correction of systematic 
problems could take the form of modifications of nonconforming procedures, 
repair or replacement of deficient equipment, training or replacement of 
personnel. Findings and corrective actions from these investigations or audits 
shall also be documented. Resolution of corrective actions for systematic 
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problems must be documented by the responsible laboratory area along with 
supporting evidence. 

4.5.5. The QA staff shall conduct follow-up assessments to confirm that correction of 
systematic problems is successful. These assessments can be done as part of 
the monthly spot assessment program at the laboratory. 

4.5.6. The signature of the QA. manager or designee is required for corrective actions 
to indicate that the issue has been closed. 

4.5.7. The QA o&e shag maintain a central file/record of all NCMs. 

4.6. Externally Generated Corrective Actions 

4.6.1. Reports from external quality organizations, such as audit reports, data 
validation comments, Andy reports of proficiency tests, shall be considered 
externally generated. The QA staff is responsible for maintaining the files of 
externally generated quality reports. If the report is received by an associate 
other than the QA manager, the report (or copy) must be forwarded to the QA 
Manager. 

4.6.2. Preformatted NCMs are not required to be used to document audit deficiencies 
or performance evaluation deficiencies. A memorandum format notification 
by the QA staff and responsible supervisor response with corrective action can 
be used to document the corrective action process. 

4.6.3. The QA manager or designee shall review the reports to identify any 
deficiencies requiring action., 

4.6.4. The QA manager or designee shall work with the responsible supervisor to 
formulate a corrective action plan. The plan shall be implemented and 
evidence of corrective action supplied to the QA office. 

4.6.5. The QA staff shall verify that the problem has been corrected and prepare a 
written response to the external organization, if required. Data validation 
responses shall be coordinated through a project manager for the client. 

5. DEFINITIONS 

5.1. Nonconformance: an unplanned deviation from an established protocol or plan. The 
deviation may be the result of Quanterra’s@ actions, then termed a deficiency, or the 
result of events beyond the control of QuanterraCB, then termed an anomaly. 
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A nonconformance exists when: 

51.1. Any laboratory QC sample (e.g., method blank, laboratory control sample, 
duplicate laboratory control sample, matrix spike, matrix spike duplicate; and 
surrogate spike) component result is outside established control limits and 
demonstrate a -deficiency. Any matrix spike or matrix spike 
duplicate or sample related QC outside of established control limits attributed 
to matrix effects mrrsf be documented, but an NCM is not required. 

51.2. A procedure is not performed as described in the applicable SOP or QA Policy, 
except in cases where the procedure has been performed according to a client- 
specified document QuanterraQT has agreed to follow (e.g., EPA SOWS and 
QAPjPs). 

5.1.3. A practice or procedure is not performed as described according to a client or 
project document that Quartterra@ has agreed to follow. 

5.1.4. Purchased materials or services are determined to be defective and their use 
would effect data quality. 

5.1.5. Holding time violations occur regardless of what or whose actions caused 
them. 

~5.1.6. A formal NCM is not required for routine instrument maintenance, 
malfunctions, and power failures which can be documented in instrument 
maintenance logbooks. 

5.2. Corrective action: Measures taken to rectify conditions adverse to quality and, where 
possible, to prevent their reoccurrence. 

5.2.1. Corrective actions may vary from reporting the data as is-with appropriate 
documentation-to a complete reevaluation and restructure of a system. 

5.2.2. Many corrective actions can be implemented immediately; however, some will 
take time to implement. 

6. MISCELLANEOUS 

- 6.1. Associated Documents 

6: 1.1. Quartterra@ Quality Assurance Management Plan (QAMP), current revision. 
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_ 

6.1.2. ANSYASME NQA-1, Chapter II, Basic Requirement 15 “Control of 
Nonconforming Items.” Supplement US-1 “Supplementary Requirements for 
the Control of Nonconforming Items.” 

6.1.3. ANSVASQC 494-1987, “Quality Management and Quality System Elements - 
Guidelines,” Section 14.0 ‘Wonconf~rrnity” and Section 15.0 “Corrective 
Action.” 

6.2. Appendices 

6.2.1. Attachment A: Laboratory Nonconformance Memo (NCM). 

6.2.2. Attachment B: Instrument/Equipment Nonconformance Tag Form 

-. 
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6.3. Flow Chart for Internal NCM 
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Project ID/Client: 

NCM Initiated by/Date: 

Sample Numbnr/QC 
batch or lot “wnben 

Tests: 

AlTAcHMENT A LOG#: 

Quamrr&3 Incorporated 

PmjmManaga: 

0 Sample contml OGC 

0 Organic preparation 0 HPLC 

0 Inorganic preparation 0 GUMS 

0 Wet chemistry 

0 Metals 

0 Repotting . 

0 Data review 

0 Radiochemistry 

0 

Holding Time yioladons (urcrcdcd by drryr) 

Category I: Loborarory Independenr 

3 I. Holding time expired in transit 

2 2. Sample rec’d > 48 hn after sanpling. or % holdivg time has 
expired 

3 3. Ten added by client after expiration 

Catego~ II: Laboratory Dependent 

3 4. lnstmmmt failure 0 5. Analyst error 

3 6. Log-inerror 0 7. Miscommunication 

3 8. Other (explanation required) 

Care-gory III: Analysis Reruns (QAQC) 

3 9. Surrogates 0 IO. Internal standards 

3 I I. Spike recovcrics 0 12. Blank contamination 

51:egory IV: Analysis Reruns (Con/irmadon) 

Il 13. Secondcolumn 0 14. Contamination check 

3 IS. Confirmation of mabix effects 

3 16. Other (explanation required) 

Caregory V: Analysis Reruns (Dilution) 

3 17. Over calibration 0 18. Under calibration 

To be komplcted by nnnlys~ 

0 20. QC data reported outside of controls 

0 21. Incorrect procedure used 

0 22. SOP intentionally modified with QA and tech approval 

Cl 23. Invalid instmnxnt calibration 

0 24. Received insufficient sample for proper analysis 

Incorrect or Incon+ie Client DeUverabIe 

0 25. Hardcopy deliverable erra 

0 26. Electronic deliverable crmr 

Reponed DeIcedon Lindls Elevated Due to: 

0 27. Sample matrix: Does not include high analyte content 

0 28. lnsufticicnt sample volume 

0 29. Other (explanation required) 

MiSC&lltCOUS 

0 30. instmmentlequipmcnt Tag-out 

0 3 I .Otber (explanation required) 

3 19. Other (explanation required) 

YotiRcPtion 0 Required 0 Not Required To be completed by project mcmager 

Zlicnt notified by (name and date): CWs name and response: 

2 In writing 0 By facsimile 0 Process “as is” 0 Rc-rampIe 

1 By telephone 0 Other (explain) 0 0” hold until 0 Other (explain) 

Project manager (signature and date): 

PAGE I of 2 
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Corrective Actions (Shoti Tnn) Author’s initials and datelc: 

Corrective Action approved by (Supervisor/Group Leader) and date: 

Corrective Action to be completed by (if other than Supervisor/Group Leader): 

Date Corrective Action is to be completed: 

D Anomaly 0. Deficiency 

0 Further action required: 

To be completed by o QA amciate’ 

0 Notified OpsBys Manager (Initials) 

Further action assigned to: 

QA signahlrc 

0 Veritication not required or requested 

0 Verified I CA completed on: 

0 Cannot vniFy (specify reason) 

Verified by: Date: 

I 
OA sianahue: Date: I 

i+-633 
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EXAMPLE 

INSTRUMENT/EQUIPMENT NONCONFORMANCE TAG FORM 

QUANTERRAa . 

CAUTION 
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NONCONFORMING ITEM 

NCM NUMBER 

AFFECTED ITEM 

ANALYST DATE 

WORK MAY NOT PROCEED ON THIS ITEM UNTIL 
WCCESSFUL CALIBRATION IS DOCUMENTED. 
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1. PURPOSE 

1.1. This SOP describes the procedures for laboratory chain-of-custody, including receipt 
and acceptance of sample shipments, storage requirements, generation of computer 
records, and corrective actions for.sample receipt anomalies. 

2. RESPONSIBILITIES 

2.1. Sample Administrator 

2.1.1. Sample Administrators are responsible for following the procedures and 
policies set forth in this SOP. 

 ̂

2.1.2. Primary responsibilities include: sample receipt and acceptance, 
documentation of sample identity, preservation of custody chains, annotation 
of discrepancies and obvious anomalies, maintenance of proper sample 
storage conditions, and creation of computer records which integrate 
laboratory expectations with specifications from shipment documentation. 

2.2. Project Manager (PM) 

2.2.1. The PM is responsible for verifying the accuracy of all computer records 
entered at project creation. 

2.2.2. The PM is responsible for providing essential information in order for 
acceptance to proceed. 

2.2.3. The PM is responsible for resolving discrepancies with client, Sample 
Management Office (EPA), or Contracting Offrccr in order for work to 
proceed. 

2.3. Laboratory Analysts 

2.3.1. Analysts are responsible for ensuring the integrity of the internal chain of 
custody of each sample they have signed out of or returned to sample control. 
Refer to Section 4.12. 

3. SAFETY 



3.1. 

3.2. 

3.3. 

3.4. 

3.5. 

3.6. 

3.1. 

3.8. 
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Procedures shall be carried out in a manner that protects the health and safety of all 
Quanterra associates. 

Eye protection that satisfied ANSI 287.1 (as per the Chemical Hygiene Plan), 
laboratory coat, and appropriate gloves must be worn while samples, standards, 
solvents, and reagents are being handled. Disposable gloves that have been 
contaminated will be removed and discarded, other gloves will be cleaned 
immediately. 

The health and safety hazards of many of the chemicals used in this procedure have 
not been fully defined. Additional health and safety information can be obtained from 
the Material Safety Data Sheets (MSDS>maintained in the laboratory. 

Exposure to samples must be maintained as low as reasonably achievable, therefore, 
unless they are known to be non-hazardous, all samples must be opened, transferred 
and prepared in a fume hood, or under other means of mechanical ventilation. 

All subsampling activities wil1 be conducted in a fume hood with the sash closed as 
far as the operation will permit. 

All work must be stopped in the event of a known or potential compromise to the 
health and safety of a Quanterra associate. The situation must be reported 
immediately to a laboratory supervisor. 

Safety policies pertain to all Sample Administration visitors, including employees of 
clients who deliver samples. 

All samples are to be considered hazardous and must be handled according to safety 
policies and any pertinent SOP. 

4. PROCEDURE 

4.1. Any unauthorized deviations from this procedure must also be documented as a 
nonconformance, with a cause and corrective action described. 
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4.2. Receiving Shipment 

4.2.1. Verify accuracy of each container’s delivery address. 

4.2.2. Sign bills of lading, if present, including date, time, and custody seal 
condition. In the event of multiple package deliveries, the receipt time is the 
carrier’s time of arrival, not the time when each package is handled. 

4.2.3. Record each project received in the Project Receipt Logbook (PRL). A single 
shipping container may be listed as one or several projects. Record the client 
and/or shipper name(s), receipt date and time. If the project number is 
generated at this time, record the number in the far right column. If a single ‘. 
shipment is subdivided into multiple projects at a later time, all project 
numbers may be listed on the original logbook entry. The PRL (Example 1) 
is used to track the flow of incoming work and as a cross reference between -. 
shipments and computer records. 

4.2.4. All packages received must be entered in the PRL, whether samples are 
present or not. If the shipment is not a project, enter a comment explaining 
why no other receipt records were generated (e.g. “empty returned cooler”, 
“technical components”, “standards”, or “personal”). 

4.2.5. Initiate a Project Receipt Checklist (PRC) for each sample shipment (Example 
2). Each person who completes an entry must also enter initials and date in 
the corresponding columns. For not applicable items, enter “N/A”, with 
initials and date. The initiator must complete entries A, B, and F-K, unless 
responsibility for the shipment is immediately passed to another technician. 

. Item A: Enter client/shipper name, as entered in PRL. 

. Item B: Enter PRL number. PRL number consists of the logbook page 
number and line number (e.g. l-l, l-2, etc.). 

. Item F: Enter date shipment is received. 

. Item G: Enter time shipment is received. 



.- 

_- 
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l Item H: Enter carrier (method of delivery). “Over the counter” indicates a 
delivery made directly to the laboratory by a client. 

l Item I: Enter condition of custody seal (if present). Enter pre-printed 
number of custody seal or “N/A”. Custody seals are defined by the 
presence of the shipper’s signature accompanied with date/time. Note the 
presence of custody tape (which will have no space for entries and 
crumbles when removed). 

l Item J: Record ownership/disposition of shipping container. Non- 
company containers must be returned to client if possible. 

4.3. Opening Shipment - Prioritizing WorkloGl 

4.3.1. Following safety policies, open the shipping container, remove paper work, 
and check interior condition. Shipments accompanied by MSDS 
documentation, shipments of concentrated product, or exhibiting 
strong/noxious odors must be tmated with extra care. Open any suspect 
shipments only after placing the container in hood Hl . 

NOTE: If a shipment contains broken or leaking samples, place the container in hood 
Hl and notify the project manager. Proceed with disposal of broken samples in 
accordance with “Response to Samples Broken Upon Arrival”, SOP LP-CAL-0005. 

4,3.2. Immediately after opening, ascertain if ice or artificial coolants are present. 
Measure temperatumand record results under Item: K of the PRC. 

4.3.3. Note pre-printed Chain-of-Custody (COC) number if a COC is present and 
possesses a sequential document number. 

4.3.4. Use the i&a-red thermometer to determine temperature. Measure by 
directing the thermometer at sample containers. Do not measure the 
temperature of any cooling agents (ice, dry ice, artificial ice). Do not allow 
packing to interfere. One layer of plastic, such as a ziplock bag may cause a 
discrepancy of two or three degrees. [The IR thermometer is calibrated 
quarterly against a “NIST” thermometer. All filament thermometers are 
calibrated annually. The calibration documentation resides with the Quality 
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Assurance Department.] If the COC lists a temperature blank, locate the’blank 
and measure the temperature. 

4.3.5. Record result under Item K on the PRC. 

4.3.5.l.An anomaly must be entered ifthe temperature reading is below 2’C 
or above 6OC. Use one of the anomaly selections available with the 
LABEL program (Example 6). This notifies the project manager and 
provides a hard copy to include with the project folder. Some sample 
matrices do not require cooling during transit. Anomalies need’not be 
tiled for these samples and “N/A” may be entered for Item: K. 
Situations where acceptablctemperature range exceedence may be 
expected include, but are not limited to: 

l samples delivered within six hours of close of daily sampling 
event; sn anomaly must be filed in this case 

l paperboard and dry pulp samples; 
l dry incinerator ashes; 
. filters, PUF and XAD cartridges; 
l dry product samples. 

4.3.6. If the shipment shows any sign of matrix degradation, an anomaly must be 
tiled. 

4.3.7. Read accompanying documentation. If documentation is absent and the 
shipment arrival was unexpected, contact the lead project manager for 
assistance. 

4.3.8. Examine the analyses requested and the sampling dates/times. Be aware of 
any notation for expected Turn-Around-Time (TAT) or a due date which is 
less than 14 days. 

4.3.9. Most aqueous organic analyses require extraction within seven days of 
sampling. If three days or less are remaining, consider the project to be a 
priority and file in an orange folder. wethods 8280 and 8290 (dioxin#uran 
analyses) are an exception, requiring extraction within thirty days.] 
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4.3.10. Any analysis which has a standard holding time of forty-eight hours or less is 
considered a “Short-Holding Time” (SHT) analysis (Example 3). These are 
reported to the General Chemistry Department immediately. [Reporting SHT 
analyses does not require complete entry of project records on the computer.] 

4.3.11. Any requested TAT of fourteen days or less is also considered a priority. 

4.3.12. Prioritize the shipment according to the TAT, while ensuring extraction 
holding times have not been exceeded. “RUSH” projects are placed in a red 
folder, SHT analyses are placed in orange folders, while all other projects are 
placed in manila folders. If a project with a short TAT also includes SHT 
analyses, file in a red folder. -- 

4.4. Sample Processing 

Select the project with the highest priority: 
1. orange folder; 
2. red folder; 
3. manila folder. 

4.4.1. In circumstances where chemists have arranged to extract samples 
immediately, project TAT is forty-eight hours or less, or SHT analyses will be 
handled at an arranged time (so that holding times do not expire), some 
flexibility is allowed in processing the workload. 

4.4.2. Read shipment documentation. Ideally, samples are to have possession 
documented on a Chain-of-Custody form. Chains-of-Custody will identify 
samples individually by alpha-numeric designators, list sampling dates/times 
for each sample, requested analyses and document possession. Signatures of 
possession qualify samples as having been “received under Chain-of- 
Custody”. A Letter-of-Transmittal is also accepted as definitive 
documentation. other forms of documentation include Request for Analysis, 
Shipping Order, Purchase Order, and various computer listings of sample 
information. If no documentation which lists sample identifications exists, 
complete a COC when accepting the samples. 

4.4.3. Remove the samples from the shipping container. If the temperature has not 
been measured, do so and record under Item: K, as in Section 4.3.4. If a 
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temperature blank is discovered during unpacking, measure it and record 
under Item K also. 

4.4.4. Align containers from left to right in rows, with additional containers for any . 
sample placed behind the ftrst in columns. 

4.4.5. Check the samples against the COC for accuracy (e.g., sample ID, collection 
date/time, etc.). If the samples have been received in good condition, 
document this on the COC. All discrepancies must be noted as well, 
including the lack of relinquishing signature of the shipper. 

NOTE: Good condition is loosely defined & all containers intact with no obvious 
discrepancies present. The shipment is estimated at this time as viable; what is being 
requested coincides with what has been received. Temperature exceedences and 
minor discrepancies become issues when so specified by contract or client instruction. 
The presence of bubbles in volatile containers is documented. Head space present in 
organic lead samples originating from U.S.Navy Program work is anomalous and 
must be documented on custody chains, the PRC (Item: Q), and by using the 
Anomaly option of the LABEL program: 

_ 

4.4.6. Complete the bottle inventory on the back of the project receipt checklist 
(Example 5). 

4.4.7. Compare the containers and’their state of preservation with the list of analyses 
requested. if present on receipt documents. Although some exc,eptions are 
permitted regarding particular clients, container types must compare to the 
Quanterra QA (Quality Assurance) Plan. Discrepancies of this nature must 
also be annotated on tbe COC and an anomaly filed. 

4.4.8. Assume~custody of the samples by signing and dating the COC in the section 
marked “Received for Lab By” or “Received By”. For documentation that is 
not very specific, specify what was received. IExample: Two solid product 
samples received in good condition.] Complete Item: P and/or Q: 

4.4.9. Affix a color dot to the lid of each sample container. The color corresponds to 
the receipt week on the disposal calendar. The dot color aids in sample 
rotation. 

-. 
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4.4. IO. For all .work sampled at or concerning government property, or as specified in 
client QAPjPs, the pH of the preserved aqueous samples must be checked and 
recorded except for the VOA vials. The pH is noted as Q or >I2 with the. 
preservative type following. [Example: pHQ H2SO4). 

4.4.10.1 .Ascertain the pH by inverting the sample container three times, 
removing the cap and inserting a clean pipette into the sample 
container, removing a small amount. Release a droplet of the aliquot 
on a fresh piece of pH indicator paper. Compare against the pH Color 
Grid Table. Do not reuse the pipet. Use a clean pipet for each 
container. Recheck readings that indicate samples were unpreserved 
when they should have been. Note discrepancies on the COC. Notify 
the Project Manager and file an anomaly for the concerned sample. 

4.4.10.2.Transport samples to the General Chemistry or Metals Departments 
when sample preservation is necessary as a corrective action. 
Complete Item: L 

4.4.11. Referring to Section 4.7, obtain a project number. 

4.4.12. Generate labels for the sample containers on the computer terminal next to the 
label printer. The user name and password is “labels”. The LABELS program 
will automatically come on the screen (Example 6). 

i.4.13. Some usage is necessary to understand LABELS. One must have pre-selected 
the storage unit location, and know the Project Manager and appropriate 
disposal codes before use. 

4.4.14. To designate a storage location, use the following guide: 

. VOA(V) - volatile containers awaiting transfer to the VOA group 
refrigerators and organic lead samples received under the U.S.Navy 
Program. 

l W 1 through W3 - environmental soil samples; 

. W4 through W 10, W 17 through W26 - environmental aqueous samples; 
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Wl 1 through W13 - Advanced Tech aqueous and solid samples; 

W14 - incoming/outgoing shipments; 

W15 - productknown hazard/air toxics/oversized containers (Specialty) 
samples; 

W 16 - extended storage, disposal codes exceeding thirty day retention 
time; 

F2 - any samples requiring freezing, including plant/animal tissues; 

R2 - any samples where secondary containment in ziplock bags is deemed 
necessary due to smells, spillage, degradation of container exterior; 

Cl - dry pulp/paper samples; 

EPA1 - soil samples received from the Environmental Protection Agency 
or clients requiring dioxin work under SOW DFLMOl . 1. 

WRl /WF 1 - refrigerator/freezer storage dedicated to Explosives & 
Specialty Chemicals projects. 

MA - room temperature storage for aqueous samples (excluding Hg, 
CRVI, Organic), located in Metals Department and dedicated to U.S.Navy 
Program projects. 

NOTE: Location selections (specify shelf by letter, Example: W4A). 

4.4.15. Label sample containers. Be certain the labels adhere to containers. Attempt 
to leave all client label information exposed. However, when impossible to do 
so, affix label so that at least the client ID, sampling date/time, and 
preservative are showing. Preprinted laboratory names may be covered with 
no consequence. If label adhesive is insufficient, use cellophane tape to 
secure label. Place sample in ziplock bag when storage location is R2. 

4.4.16. Initial/date the PRC (hem: M). 



.L. 
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NOTE: USNavy Program requires that each bottle for each sample be designated 
with an alpha character. The first container for the -001 will be “a”, the second “b”, 
etc. Sample -002 will repeat with “a”,“b”,etc. 

4.4.17. Project/sample labeling may be peer reviewed whenever the complexity of the 
project warrants a second check to ensure accuracy. A peer compares the 
order of the samples to the documentation and ensures that all containers of a 
sample have the same sample number and are sequential. The reviewer then 
initials/dates the PRC (Item: N). If no review is performed, the labeler 
completes line N. 

4.4.17.1 .Circumstances where a review is warranted include: _. 
a) a large number of samples arc present; 
b) many containers per sample are present; 
c) VOA containers arc present; 
d) client identifications are illegible or confusing: 
e) a review is requested by a Quanterra employee 

4.4.18. Anomalies can be filed using the LABELS program. Shipment discrepancies 
as well as temperature exceedences must be conveyed to Project Managers 
promptly. Holding-times that expire prior to receipt or result due to half the 
holding-time expiring prior to receipt require documentation using the 
ANOMALY Program (Example 7). Holding-time violations can only be 
entered after LIMS entry is complete. 

4.5. Shipping Container Return 

4.5.1. Containers in which sample containers have broken or in which sample 
volume has mixed with packing material or melted ice must be handled 
according to LP-CAL-0005, Response to Samples Broken Upon Arrival. 

4.5.2. Except when discarded, shipping containers are cleaned in Sample 
Administration and either taken to Bottle Prep or sent to the client. Containers 
belonging to Quanterra Incorporated will be marked in felt pen vvith an easily 
identified tracking number. If the container belongs to a client, be certain the 
return address is recorded before stripping the container of used tape and 
labels. 
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4.5.3. Strip the container of tape and shipping labels. Older containersmay be 
covered with aged tape and labels that are not easily removed. Do not spend 
excessive amounts of time with these. All hazardous materials labeling must 
be removed or defaced in some way. Courier/shipping companies consider 
intact hazard labels valid, and will refuse to carry containers displaying hazard 
labels unless accompanied by proper documentation. 

4.5.4. Blue foam inserts can be placed in a hood or on a counter to dry when 
received wet. They may also be stored in the warehouse outside Bottle Prep if 
necessary. If the inserts are dry they may be returned to Bottle Prep in the 
container after it has been cleaned. 

 ̂

4.5.5. Dry the interior of the container if wet, replace packing and return to Bottle 
Prep. A cart is located in the room for transporting containers. Place the 
container on the cart. If the cart is full, take the entire cart load to Bottle Prep. __, 
Transfer load from cart to storage room. 

4.5.6. Client containers are to be retumed in as satisfactory condition as possible. 
Packing/artificial ice and temperature blanks are returned to clients. Packing 
which resembles trash or is ruined during unpacking is disposed as trash. 
Packing which is deemed re-usable may be returned also. Drain any water 
from the container before sealing it closed. Due to partially frozen artificial 
ice, client containers may not be perfectly dry when returned. 

4.5.7. Complete a return mailing label. Secure it with cellophane tape and seal the 
container with tape also. Return packages are listed in the UPS Logbook and 
set near the door. Be certain to complete both address labels and the UPS 
shipping logbook, including weights and zone codes. 

4.5.8. When ice is present, it is often enclosed in plastic bags. A basin used for 
dumping ice is located in Sample Administration. Open the bags and dump 
ice into the basin. Draining into a closed system, water may not be left 
running in the basin. When excessive amounts of ice are received, collect the 
ice in an ice chest and dump it over the storm drains along the sidewalk 
outside the building. This is permissible only if the ice and coolers are 
uncontaminated and the amounts disposed in this way are recorded. A _ 
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logbook located in Sample Adminimtion records the date/time, person and 
amount of ice. 

4.6. Client Deliveries (“Over the Counter”) 

4.6.1. Samples received over the counter are hand delivered by the client/sampler or 
by a courier directly employed by the client’s company. The pivotal question 
in such deliveries is whether the person possessing the shipment is in custodial 
possession of the samples or merely transporting the shipment. If in custodial 
possession, the deliverer will wish to relinquish custody to you before 
departing and will probably retain a copy of the documentation. To determine 
the matter, simply ask the deliverer if he/she had signed any of the sample 
documents. 

. . 

4.6.2. If the “clienr” does not wish to remain while the samples are unpacked and 
verified, sign the COC somewhere other than the “Received By” section. 
Include a statement that only the shipping container was received. Example: 
One cooler received from Company X in good condition. MMDDYYI 
Initials] 

4.6.3. Generally, the client/sampler will wish to remain, have the samples verified 
and relinquish custody to this laboratory. Follow Sections 4.2 through 4.4 as 
applicable. [Over the counter receipts are a condensed, abbreviated form of 
standard delivery practices. As such, they require more skill and expertise to 
accomplish necessary tasks without prolonging the client’s involvement 
beyond what is necessary.] 

4.6.4. Mention any discrepancies and allow corrections to be made by tbe 
client/sampler. Also ask for any special instructions or important aspects of 
the project (i.e. rush turn-around times, impending hold-time violations, 
sample matrix specifics, etc.). 

4.6.5. Solicit tbe client’s wishes regarding shipping container and/or any other 
needs, such as bottle order pick-up or a need to speak with a project manager. 
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4.6.6. After the client’s departure, complete any aspects of Sections 4.2 through 4.4 
left unfinished. Prioritize the new project within the existing workload and 
proceed with the highest priority. 

4.7. Project Generation 

4.7.1. Log on to the VAXNMS computer system and enter the Laboratory 
Information Management System (LIMS) by typing: LIMSMENU CR>. For 
the basic use of the LIMS system, refer to the LIMS user manual. 

4.7.2. Projects can be created using a variety of resources. Miial project login 
consists of the Project Screen (pages 1 and 2), Sample List and Group Codes 
(Example 8). Frameworks for new projects may be dictated using instructions 
from project managers, copying templates or existing projects. 

4.7.3. If project information is not available and a project must be setup from 
scratch, determine the name and location of client. This information can be 
found on the COC, shipping labels, or obtained from the project manager. 

4.7.4. Pull up the appropriate client screen. 

4.7.5. If the client does not exist in the database, a new one must be created using the 
protocol in the LIMS user manual. New IDE IDS (for billing) need to be 
requested of corporate by the project manager and are not necessary to 
complete login at this time. 

4.7.6. Search the programs listing of the client and choose the appropriate one for 
the project. If one does not exist, confer with the project manager whether a 
new program needs tom be created or not. 

4.7.7. Once the appropriate program screen is linked with the client, search the 
project listing for a template or similar project. If none is found a project must 
be created. 

NOTE: Duplication of templates is the most desirable method of project set up as the 
template contains all necessary information needed to accurately create a project. -. 
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4.7.8. The necessary LIMS fields that must be filled in are as follows: 

. Project name: follow the naming procedures used for previous projects 
belonging to the same client. If none exisf list the client’s project name 
and number, and the date. 

l Matrices and brief analytical list may also be added if room is available in 
the data block. 

. P.O. number: if no P.O. number is available, list LIMS contact name (ie 
D.Client). 

. Description: list the matrix t@e and analyses requested. Also note 
anomalies, special requests, and/or any hazards of which analyst(s) should 
be aware. 

. Contact: enter LIMS ID of contact, the person who will receive the final 
report. 

l JDE ID: J.D.Edwards ID of company and/or individual who meets credit 
requirements. 

l Mail To: Address to which invoice is mailed. This may be identical to 
JDE ID, or completely different. Third party billing and larger companies 
often use separate address. 

l Team ID: 
. 11 - Environmental Department 
. 40 - Advanced Tech, Dioxins 
. 70 - Energetics 
l 56 I- Air Toxics 

. Calculate holding times from collection dates?: If the answer is Yes(Y), 
LIMS will calculate all analytical holding times from the collection 
(sampling) date. If the answer is No @I). then LIMS will calculate the 
holding times from the date of receipt to the laboratory. At present, only 
projects requiring CLP protocol will have a “No” answer. 
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l Primary PA: the project manager who is responsible for daily monitoring 
of project. 

. Turnaround Class: 
. NORMAL - Standard Deliverable; 
l RUSH - Faxed Deliverable; 
l EXTENDED - Custom Deliverable (e.g., CLP, IRPMS, or Raw 

Data). 
. [If unknown, default is “NORMAL”.] 

. Promised Turnaround Tie: enter number of calendar days in order to 
produce the report one day before “Due Date” specified by client on COC. 
Default is “20” for NORMAL TAT. 

l Actual Start Date: date from which the project TAT is calculated. The 
project has met all sample delivery acceptance criteria as stated in the 
Quanterra terms and conditions. 

. Receipt Date and Time: actual date and time the shipment arrived at the 
laboratory. 

. Storage location: unit/shelf where samples are stored until rotation or 
disposal. See listing in Section 4.4.15. 

. Comments: short description of the number of samples, matrices, 
condition upon receipt, delivery method and whether the samples were 
received under chain of custody. [Examples: Two aqueous samples 
received under Chain-of-Custody in good condition. Delivered by Federal 
Express. Soil samples (103) received in good condition, listed on 
purchase order. Delivered by client.] 

4.8. Sample Login 

4.8.1. Refer to the LIMS manual section for entering sample information into LIMS. 

4.8.2. Creation of group codes depends upon information available when the 
samples arrive. Each group code lists analyses to be entered against a 
particular sample. Group codes are constructed to the best of the technician’s -Y 
ability, but final responsibility lies with the Project Manager. 
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4.8.3. The Sample List is a series of Sample Detail screens. Each screen records the 
information for a particular sample. Each screen records client identification, 
sampling date/time, receipt date/time, due date and container types. This 
screen does draw information iborn other screens, but must be individualized 
to the sample it describes. 

NOTE: Sample screens may also indicate a formal record of quality assurance 
aliquots extracted in order to monitor occurrence of contamination. Dioxin projects 
always have one method blank logged per matrix type (Example 8). U.S.Navy 
Program projects require a “VOA Holding Blank” assigned to every SDG (Sample 
Delivery Group) received. 

4.9. Folder Assembly: Use an appropriately dolored folder (Red - Rush, Manila -Normal) 
for project information and manila/any color for sample tracking and complete as 
follows: 

4.9.1. Project Manager Folder 

4.9.1.1 .Staple the air bill, secondary documentation, the original COC and a 
ticket report in reverse order to the left hand side of the folder. Tab 
with project label is to be on right hand side. 

4.9.1.2.In reverse order, place the following on the right-hand side of the 
folder: 

a) Project Review Checklist #1 (completed); 
b) Data Control Instruction Sheet (Example 9); 
c) Ticket Report (for projects with method blank aliquots listed); 
d) Sample List with Group Code List underneath (stapled together); 
e) Duplicate copy of COC stapled underneath a Ticket Report; 
f) Project Receipt Checklist (completed). 

4.9.2. In-House COC Folder Assembly 

4.9.2.1 .Align folder as with the project folder. Tab is on tight-hand side. 

4.9.2.2.0n the right-hand side of the folder, staple the In-House COC form 
QA 188 (Example 10). 
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4.9.2.3.0n the left-hand side, staple a Ticket Report. If the entire bottle 
inventory for any sample is not complete on the ticket report, include a 
copy of the bottle inventory (reverse side of PRC). 

4.9.2.4.If an MSDS is provided in shipment, staple a copy beneath the ticket 
report on the tight-hand side of the folder. 

4.10. Final Tasks 

4.10.1. Record project number in PRL on the line corresponding to the shipment’s 
ESlTiVd. _ 

4.10.2. Complete Project Review Checklist #l QA-235 (Example 11). 

4.10.3. File an HTV, if necessary, by entering “Anomaly” and the project number at 
your prompt. Answer the queries, and be certain to mail the HTV to the 
department supervisor and project manager involved. The HTV is filed by 
Sample Administration when a holding time is expired upon receipt. If the 
holding times have not completely expired for a project, the department 
handling the analysis in question files the HTV. 

-. 

4.10.4. Place the Project Manager Folder in the project manager’s tray and the Internal 
Tracking Folder in the check-out boxes (both located in Sample 
Administration). 

4.11. Sample Storage 

4.11.1. Refrigerator and freezer temperatures will be monitored and recorded once 
daily Monday through Saturday. Any temperature below 2’C or above 6°C for 
the refrigerators and above -1O’C for the freezer will need corrective action. 
Refer to “Corrective Action for Refrigerators Out of Acceptable Temperature 
Range”, SOP LP-CAL-0014. 

4.11.2. Temperatures will be recorded on the appropriate charts (Example 12). 
Temperature charts will then be stored in the temperature logbook. All charts 
for a particular refrigeration unit will be stored together in chronological 
order. 

- 



c Buanferra 

SOP No. SAC-QA-0003 
Revision No. 5 
Revision Date: 7/3/96 
Page: 19 of 42 

4.12. Internal Sample Tracking 

4.12.1. Analyst selects sample check-out folder for the project of interest and 
ascertains storage location. 

4.12.2. Analyst removes appropriate containers from storage unit and organizes them 
by project/sample number. 

4.12.3. Analyst completes check-out portion of Internal COC and has the record and 
container labels verified by another Quanterra employee (Example 9). The 
witness must initial the internal chain of custody. Any laboratory personnel 
may verify the transaction. If the eontainers are not to be returned and will 
enter the wastestream through an extraction lab, the analyst will also enter this 
information during check-out. 

4.12.4. Analyst tiles the check-out folder before leaving the room. 

4.12.5. At return. the analyst completes the check-in portion of the Internal COC. 

4.12.6. Analyst returns samples to their storage location. 

4.12.7. If subsampling or aliquoting is performed, whether outside the area or not, 
containers must be checked out by the analyst. The original containers’ 
whereabouts and those of any other containers generated must be documented. 

4.12.8. Transfer of volatile containers from VOA to RD and RP do not require 
verification. 

4.12.9. Empty containers are not returned to Sample Administration. 

5. DEFINITIONS 

5.1. Refer to Glossary in the Quanterra QAh4P. 

5.2. Chain of Custody (COC): A system of documentation demonstrating the physical 
custody and traceability of samples. 
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5.3. A sample is considered in your custody if the following conditions are met: 

53.1. The sample is in your possession. 

5.3.2. The sample is in your view. 

6. 

5.3.3. The sample was in your possession and was returned to a secured area, 

5.3.4. The sample was placed in a secure area accessible to authorized personnel 
only. 

. . 
5.4. HTV: Holding Time Violation 

MISCELLANEOUS (TABLES, APPENDICES, ETC...) 

6.1. Ensure client confidentiality at all times, giving special attention during facility audits 
conducted by clients and regulatory agencies. 

6.2. Procedural Additions for Receipt/Acceptance of EPA sample shipments. 

6.2.1. Shipment documentation should also include an offtcial EPA Traffic Report, 
if it has not been incorporated with tire Chain-of-Custody. The Traffic Report 
(TR) is the equivalent of the COC and is to be handled identically. 

NOTE: The lowest alpha-numeric identification is used to designate the Sample 
Delivery Group (SDG). The SDG will be used to identify the twenty samples that are 
received during the sampling event. A single SDG may be received at one time, or 
several groups may arrive over a short period of time. If so, every twentieth sample 
will complete the on-going SDG. 

6.2.2. Sample identification also consists of an EPA Sample Tag, which will be 
fastened to each sample container, either by string/wire ties or by tape. Verify 
the preprinted tag number against the COC an&or TR listing. Remove each 
tag and seal inside a ziplock bag. Note the Quanterra project/sample number 
on the bag as well as the SDG designation, The bags containing the tags are 
included within the Project Manager Folder. 
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6.2.3. Volatile holding blanks, if received with a shipment, are labeled with the 
project number of the applicable SDG and are stored with the samples. 
Holding blanks will record exposure of samples to contamination and must 
accompany them during storage. Do not separate holding blanks by assigning~ 
them to “V” (VOA). 

6.2.4. Shipment anomalies must also be recorded on the DC-l or EPAKLP form 
(Example 13). The DC-l is generated by the EPA, while the EPAXLP is 
Quanterra specific. Each records receipt conditions and discrepancies with 
associated shipment documentation. Both forms coincide with the PRC, 
except that sequential airbill/waybill numbers are recorded and therefore must 
be verified. The completed fornris included in the Project Manager Folder, 
stapled beneath the COCfTR on the left side. 

6.2.5. Calculate holding times from collection dates? The answer is “No”, according 
to protocol requirements. 

6.2.6. Turnaround class is “EXTENDED” as EPA reports are due thirty-five days 
from the actual start date. A TAT of forty-five days applies under DFLMOl . 1 
(dioxins). . 

6.2.7. Actual start date is entered with the completion of an SDG. The actual start 
date may be postponed pending the resolution of discrepancies between the 
laboratory and the Sample Management Office (SMO). 

6.2.8. All EPA samples and empty containers are to be stored at the laboratory for no 
less than sixty days following the submission of the respective report. Insert 
the “DISP-60” status on the Group Code screen during LIMS records creation 
(Example 8). 
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Appendix 1 

Chemical Warfare Degradates - Potential Hazards in Sample Receipt 

Quanterra has begun receiving samples to be analyzed for degradates of chemical warfare agents. 
These degradates are not particularly toxic, as compared with most of the compounds we deal with . 
every day. The fact that these compounds are degradates of chemical warfare agents does, however, 
present a new type of potential hazard for us. We have developed policies regarding the handling 
of such samples but as we begin to get real-world samples, we are fmding that some of our initial 
assumptions regarding them are not holding true. The purpose of this document is to discuss these 
compounds and the potential hazards involved in handling them. 

Review of- 

Chemical warfare agents fall into a wide variety of categories, ranging t?om defoliants such as Agent 
Orange (tear gas) to nerve agents such as Sarin. The two types of agents we are most concerned with 
are the nerve agents and the blistering agents, such as sulfur mustard. Other lethal agents have been 
developed and tested for use in chemical warfare; however, these other compounds are either 
extremely volatile and reactive (and therefore highly unlikely to be present in an environmental 
sample) or were never produced in significant quantities in the U.S. 

Nerve agents 

These compounds are members of the organophosphate class of compounds. These compounds are 
similar to many common household pesticides such as diazinon. The difference is that the nerve 
agents are far more toxic to humans. The first nerve agent, Tabun, was discovered by a German 
pesticide company during the process of screening new compounds for pesticide activity. Once the 
toxicity of Tabtin was determined, various military organizations began screening many related 
compounds in hopes of finding even more efficient ways of annihilating large numbers of people. 
Out of this effort have come five established (non-classified, i.e. public domain) agents. -- Tabun 
(or GA), Sarin (or GB), GD, GF, and VX. 

All of these compounds ares toxic via inhalation, ingestion, skin contact, or just about any other 
route of entry into the body. 

A characteristic of these compounds is their volatility. A more volatile nerve agent will disperse 
in air more effectively than a less volatile one, producing increased numbers of casualties through 
inhalation. 
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Less volatile agents, on the other hand, will stick around on soil, vegetation, clothing, etc. and will 
therefore last longer. Out of these various agents, the only two produced in significant quantities in 
the U.S. are Sarin and VX. Sarin is the most volatile of the above agents while VX is the least 
volatile. Both are exquisitely toxic - a drop of pure VX barely-visible to the naked eye is enough to 
kill a person through skin contact. 

Blistering agents 

These were the first of the modem agents developed specifically for the purpose of killing people. 
Unlike the nerve agents, the blistering agents are basically different mixtures of one compound, 
sulfur mustard, with other non-toxic chemicals which affect its dispersion characteristics. 

The primary hazard with sulfur mustard involves skin contact. The term “mustard gas” is 
somewhat of a misnomer - the stuff will kill you if you inhale enough of it, but this not likely to 
occur as it is not particularly volatile under normal conditions. Significant quantities of sulfur 
mustard (a.k.a. HD or HT) have been produced in the U.S. 

Chemical Envire 

It is unlikely (but m impossible) that we at Quanterra will receive any sample which contains a 
dangerous concentration of active agent. We should not receive samples from any area known to be 
contaminated with bulk amounts of active chemical agent (areas with buried drums, old munitions, 
etc.) because the Army policy for such sites is to destroy the agent onsite. 

Additionally, most of the areas in which degradate analysis is required are areas in which agent was 
used decades ago - all active agent is likely to have degraded. Nonetheless, it is imperative that we 
know as much as possible regarding the compounds and the samples in order to protect ourselves 
against any potential hazard. 

The behavior of these compounds in the environment has been extensively studied. Most of the 
information we have is from a study titled Environmentsl 
wAeents. This study was prepared for the Army Corps of Engineers by Southwest Research 
Institute in 1994. 

Nerve Agents 

All of the compounds we are concerned with (Sarin and WC) undergo hydrolysis in the presence of 
water. This hydrolysis proceeds at different rates, depending upon the compound. At worst (cool 
temperature, normal pH, no dissolved ions, no microbes), either of these compounds getting into 
water would be degraded to extremely low levels (< 1 x lo4 of the original concentration) within a 
couple of years. It is more likely that this level of degradation would occur much more quickly. 
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Degradation in soil is a far more complex issue. The rate of hydrolysis will depend upon a variety 
of factors, including soil moisture, pH, mineral content, microbes, temperature, etc. Most available 
studies show that these compounds last no more than a few days in the tested soil types. 

Sulfur Mustard 

In some ways, sulfur mustard behaves in a fashion similar to the nerve agents - i.e. it hydrolyzes - 
rapidly in the presence of water. There is, however, an important diffeience. Under the right 
conditions, the hydrolysis products of mustard can polymertze and form bubbles containing 
active mustard. The mustard inside of these bubbles is shielded from further hydrolysis by the. 
hydrolysis products. This has turned out to be a problem in areas where large amounts of mustard 
were dumped at sea. Fishermen in such areas have been injured due to pulling up nets contaminated 
with blobs of active mustard. An indication that this may have occurred would be a biphasic sample. 
This situation can also occur in soil. 

ds to Omterra Ped _. 

Following steps listed in this Appendix and other safety policies will help reduce hazards to the 
greatest degree possible. However, such policies are no substitute for educated, observant personnel. 

As always, you must think about what you are doing when you handle these materials. No 
policy can account for every potential situation. Staff are expected to follow all sample handling 
policies identified in the Chemical Hygiene Plan and steps following sample receipt listed in this 
Appendix. 

Soil samples should be screened for agent prior to their shipment to Quanterra. Data should be 
reviewed at the project management and EH&S staff level to ensure samples are “safe” for staff to 
handle. If the screening.status is unknown (i.e. no data is available), project management personnel 
(Karla Buechler or Mike Filigenzi) should be consulted. Samples should not be handled. If staff 
are unavailable;the cooler should be left in cold storage until the situation is resolved. 

Water samples for degradate analysis are not likely to be screened for active agent prior to our 
receipt. This was not our original understanding, but the Army’s policy appears to be that active 
agents degrade quickly enough in aqueous systems that no screening is needed. The data provided in 
the Environmental Chemical Fate and Chemical Warfare agents seems to support this notion. Half- 
life for many of the agents have been documented and is readily available for review by staff. None- 
the-less, it is still important to exercise care with such samples. 

When in doubt, seek assistance from project management, a TC or EH&S staff. 

t Procedures 



,- 

SOP No. SAC-QA-0003 
Revision No. 5 Amend 
Revision Date: 3/13/97 
Page: 46 of 47 

d Follow SAC-QA-003, Section 4 (Procedure) 

a Follow steps 4.2.1 - 4.2.5 

=$ Opening Shipment - Prioritizing Workload 

= Review screen data BEFORE opening the cooler if soil samples. 

Note: Double gloves are required when handling chemical warfare degradates samples. 

= Following established safety policies, open the cooler, remove any paperwork, and check the 
interior condition. 

j Suspect coolers should be opened in the Hood to reduce any potential for exposure. 

3 If a sample contains a broken or leaking sample, isolate the cooler in the hood and 
IMMEDIATELY contact the project manager, TC and/or EH&S staff. 

3 Any sample which appears to be biphasic in appearance must be isolated. Immediate notification 
to project management, TC and/or EH&S staff is required. 

3 When in doubt, get help regarding sample receipt. Worker, health and safety is paramount to 
sample analysis. 

&see of Work 

It is possible thar we will receive a large number of samples from the Aberdeen Proving Grounds 
(APG) over the next few years. APG has been the center for chemical warfare training and research 
in the U.S. since 19 18. We have been told by our client (EA Engineering) that the procedure for 
investigating sites at APG is as follows: 

. APG personnel perform a hazard analysis to determine whether there is an potential for agent 
contamination in soil based on historical information. 

. If there is reason to believe chemical agents may have been used at the site, soil samples are 
taken and screened for agent. 

. If the screening shows no agent contamination, sampling for other parameters may proceed. 

We do not have enough experience with these projects to know whether this procedure is unique to 
APG or a standard Army procedure. We are conducting additional investigation to further verify 
this. 

In any case, results of screening will be made available to Quanterra. 
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Regardless of screening data, any cooler containing samples for degradate analysis (or any other 
samples from an area suspected of potential agent contamination) should be inspected carefully 
upon receipt. Anyone inspecting the samples, logging them in, or handling them for any other 
reason should observe all of Quanterra’s regular safety procedure. 

In addition, two pairs of gloves should be worn in order to minim& any potential for skin contact 
with toxic compounds. Please note that skin contact appears to be the most likely potential route, 
of exposure. This is based on the fact that nerve agents are likely to have degraded leaving sulfor 
mustard as the most likely potential con taminant and due to the likelihood that the samples will be 
cold. The temperature in the cooler is important from the standpoint of safety as well as sample 
integrity - cold samples mean a significantly lower potential for any kind of toxic vapor formation. 
Coolers containing broken jars or bottles should be placed in a hood immediately and left there until 
the client has been contacted. EH&S statfand/or the Project managers will give instructions 
regarding return to ,client or disposal based on the screen data. 

In conclusion, it must be emphasized that these samples must be handled with the appropriate level 
of care. Observant, educated personnel are our best defense against exposure to any kind of toxic 
materials found in our samples. 
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August 7,1998 

QUANTBRRA INCORPORATED PROJECTNUMBER: 300612 
PO/CONTRACT: _. 

Dear Mr.- 

This report contains the analytical results for the one sample received under chain of custody 
by Quanterra Incorporated on July 25, 1998. This sample is associated with your- 
wroject. 

The case narrative is an integral part of this report. 

If you have any questions, please feel free to call me at (916)374-4362. 

Sincerely, 

Project Manager 
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CASE NARRATIVE 

QUANTERR4 INCORPORATED PROJECT NUMBER 300612 

There. were no anomalies associated with this project. 

F/-‘3 
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QC Batch 

Duplicate Control Sample 

WV 

Duplicate Sample (DU) 

Laboratory Control Sample 

WS) 

Matrix Spike and Matrix Spike 
Duplicate (MS/MSD) 

Method Blank (MB) 

Surrogate Spike 

Source: Quantemac? 

Quanterra - Western Region 
Quality Control Definitions 

samples that are- similar in composition (matrix) atid that are 

processed within the same time period with the same reagent 
and standard lots. 

Consist of a pair of LCSs analyzed within the same QC batch 
to monitor precision and accuracy independent of sample 

matrix effects. This QC is performed only if required by 
client or when insufficient sample is available to perform 

MSiMSD. 

A second aliquot of an environmental sample, taken from the 

same sample container when possible, that is processed 
independently with the first sample aliquot. The results are 

used to assess the effect of the sample matrix on the 

precision of the analytical process. The precision estimated 
using this sample is not necessarily representative of the 
precision for other samples in the batch. 

A volume of reagent water for aqueous samples or a 

contaminant-free solid matrix (Ottawa sand) for soil and 
sediment samples which is spiked with known amounts of 

representative target analytes and required surrogates. An 
LCS is carried through the entire analytical process and is 

used to monitor the accuracy of the analytical process 
independent of potential matrix effects. 

A field sample fortified with known quantities of target 
analytes that are also added to the LCS. Matrix spike 

duplicate is a second matrix spike sample. MSs/MSDs are 
carried through the entire analytical process and are used to 

determine sample matrix effect on accuracy of the 
measurement system. The accuracy and precision estimated 

using MSiMSD is only representative of the precision of the 

sample that was spiked. 

A sample composed of all the reagents (in the same 

quantities) in reagent water carried through the entire 
analytical process. The method blank is used to monitor the 

level of contamination introduced during sample preparation 
steps. 

Organic constituents not expected to be detected in 
environmental media and are added to every sample and QC 

at a known concentration. Surrogates are used to determine 
the efficiency of the sample preparation and the analytical 

process. 

lality Control Program, Policy QA-003, Rev. 0, S/19/96. 



c hanterra 

SAMPLE DESCRI;$ON INFORMATION 

,-Corporation 

Lab ID Client ID Matrix 
Sampled 

Date 
Reb;;:ed~ 

Time 

3d0612-OOOl-SA - AQUEOUS 24 JUL 98 12:30 25 JUL 98 



Chain of 
Custody R&d 

- 

- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 



CI hanterra 

Nituofluo~nmtics md Nitvmwhzes 

(A4 ueous) - Method 8330 



c vhanterrb 

Nitroaromatics and Nitramines by HPLC 
Method 8330 

Client Name: 
;;t(e$ ID: 

Matrix! 
Authorized: 

~~~~OO~;OOOl-"A 

25 JUL 98 

Dilution Factor: 1.0 

Sampled: 24 JlJL,98 Received: 25 JUL 98 
Prepared: 28 JUL 98 Analyzed: 04 AUG 98 

Parameter 

RDX 
1?3-Dinitrobenzene 
Nitrobenzene 
2,4,6-Trinitrotoluene 
Tetryl 
2,4-Dinitrotoluene 
;16$ili;trotoluene 

4-Am-DNT 
2-Nitrotoluene 
4-Nitrotoluene 
3-Nitrotoluene 

Units 

E$: 
ug/L 
u9/L 
ug/L 
u9/L 
u9/L 
u9/L 
u9/L 
u9/L 

Re i;t;ng 
e Qualifier 

Surrogate 

2,4-Dinitrofluorobenzene 

Recovery 

a7 % 

Acceptable Range 

65 - 135 

Note J 
ND = Not 

= Result is detected below the reporting limit or is an estimated concentration. 
Detected 

Reported By: Jon Edmondson Approved By: Emily Uebelhoer 

The cover letter is an integral part of this report. 
Rev 230787 



QC LOT ASSIGNMENT REPORT 
HPLC Analysis Area 

Laboratory 
Sample Number 

300612-OOOl-SA 

LJC Matrix QC Category 
fkC&t Number QC Run Number 

(LCS/BLANK) 

AQUEOUS B330-COE-A 28 JUL 98-130 ,28 JUL 98-1~3d 

_- 

. ..- 



METHOD BLANK REPORT 
HPLC Analysis Area 
Project: 300612 

lest: 8330-IRPMS-lC-A 
Method: 8330 
Matrix: AQUEOUS 

28 JUL 9B-13D 
ika\$d: 04 AUG 98 

Analyte 

RDX 
1,3Dinitrobenzene 
Nitrobenzene 
2,4,6-Trinitrotoluene 

2-Nitrotoluene 
4-Nitrotoluene 
3-Nitrotoluene 

Surrogate 

2,4-Dinitrofluorobenzene 

Nitroaromatics and Nitramines by HPLC 

QC Run: :i :;L 98-13D. 
Time: : 

Result Units 

u9/L 
ug/L 
u9/L 
ug/L 
i;;: 
u9/L 
u9/L 

z$; 

u9/L 

% Recovery Acceptable Range 

89 65 -135 

Qualifier 

ND = Not Detected 



DUPLICATE CONTROL SAMPLE REPORT 
HPLC Analysis Area 
Project: 300612 

Category: 
Ff ;;tk;;de: 

qc Loti 

Analyte 

8330-COE-A Explosives by HPLC 
8330-IRPMS-lC-A Method: G330 
AQUEOUS Concentration Units: 
28 JUL 98-13D Analyzed Date: 04 AUG 98 

u /L 
Time: 1 :: :28 

---------Concentration-------- 

Spiked --DCSi-Measured----- 
Accuracy 

DCS2 DCSI@)DCSZ 

HMX 
1,3,5-Trinitrobenzene 
RDX 
1,3-Dinitrobenzene 
Nitrobenzene 
2,4,6-Trinitrotoluene 
Tetryl 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Am-DNT 
4-Am-DNT 
2-Nitrotoluene 
4-Nitrotoluene 
3-Nitrotoluene 

Precision 

Limits Db!P!lmit 

Surrogate 

2,4-. 
Dinitrofluorobenzene 

0.500 0.468 0.473 

0:425 % 0:461 E! 

0.369 0.511 Et 
0.510 0:512 

% 
0:453 
0.482 

!I*:;: 
0.500 0:430 

---------Concentration-------- 

Spiked --o~~;-MeaSU~~~;---- 

2.6 2.4 2.4 

Accura;$[;) 
DCSl 

90 92 

65-135 1.2 35 
65-135 0.51 35 
65-135 4.6 35 
65-135 8.1 35 
65-135 22 35 
65-135 3.2 35 
65-135 0.47 35 
y;;; 0.12 35 

12 35 

g::g g*g ;: 
65-135 19 35 
65-135 29 35 
65-135 20 35 

Limits 

65-135 

- Calculations are performed before rounding to avoid round-off errors in calculated results. 



RUSH TAT 
--. 

QUANTERRA - SACRAMENTO 
PROJECT DETAIL: GC DEPARTMENT 

8330-IRPMS-lC-A ( 90.3) l.(T: 1). 

DATE DELIVERED FOR LIMS ENTRY : 05 AUG 98 TIME DELIVERED: 16:46 

LIMS Formaster 
ENTER: - 98 ENTER: - 98 

DATE TO FINAL REVIEW: - 98 PEER: - 98 

FINAL: 4, l?'js -98 FINAL: - 98 

DATE DELIVERED TO DATA CONTROL: - 98 4s 

No problems (dti) See Anomaly Sheet (d+i) )( 

COMMENTS: 

GC-0037 (1.0) 7/9/91 



OfqaniCs h?aw Dida fackaie 

L 





,- Nitroaromatics and Nitramines by HPLC 
Method 8330 

Client Name: 
“,;en; ID: 

Matrix: 
Authorjzed: 

AQUEOUS Sampled: 24 JUL 98 
25 JUL 98 Prepared: 28 JUL 98 

Dilution Factor: 1.0 

Parameter 

RDX 
1?3-Dinitrobenzene 
Nltrobenzene 
2,4,6-Trinitrotoluene 
Tetryl 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Am-DNT 
4-Am-DNT 
2-Nitrotoluene 
4-Nitrotoluene 
3-Nitrotoluene 

- Surrogate 

2,4-Dinitrofluorobenzene 

Received: 25 JUL 98 
Analyzed: 04 AUG 98 

Result Units 
Re otting 

P. Qualifier 

Recovery 

87 % 

Acceptable Range 

65 - 135 

Note J = Result is detected below the reporting limit or is an estimated concentration. 
ND = Not Detected 

.- Reported By: Jon Edmondson Approved By: Emily Uebelhoer 

The cover letter is an inte ral 
Rev 23 8 787 

part of this report. 



[AUG SVI 109 4H 04AUG981450,10,1 
Repoyted on 4-l[iUG-1998 at 23:31 

Page 1 -. 

Injection Report 

Acquired on 4-AUG-1998 at 23:06 

Quanterra, Inc (West Sacramento) 

22~s; Name : LC4W 
: 109Lc4w9050 

Comment : 75r25:0/2-22-50:00:50/2"- 
Method Title 

H20:2%THF/MeOH:Methanol (Analysis) 
: Var-LC5500 W Hypersil-C8 15Ox4.6mm 5um SN251486 8330M 

Sample Name : 300612-l 770ML/20ML 
Sample Id : 
Sample Type : Sample Amount=1.00000 
Bottle No : a 

PEAK INFORMATION 

Method........... .,............. 8330 HY 
Run sequence.................... EXP4HYl 
Calibration..................... 03AUG98 
External standard calibration using height 
Calibration last modified on 4-AUG-1998 at 22:55 
Calibration initialised on 12-DEC-1997 at 21:47 
Method last modified on 4-AUG-1998 at 16:40 

Uncalibrated peaks use user factor (0.0000) .-. 



Quanterra, Inc (West Sacramento) 

[AUG SV] 109 4H 04AUG981450,10,1 - - 
3006X-l 77OML/2OWL. Amount : 1.000. 
Varian 556O/W9050 825Onm flow=1.5 injection volume=2OOuL 
Acquired on 4-AUG-1998 at 23:06 
Reported on 4-AUG-1998 at 23:31 
Box 1 (of 1) 

-La w.07 F/-f 7 



tialysis ID* IA'JG-SVI 109 4H~O4AUG981450.10 
Acquired: HPLC #4 4-AUG-1998 at 23:06 

______---- _____--- ____---- ____________________-------------------------------------- 

Sampler 300612-l 770ML/2OML Mult: 20.00 Dilf: 1.00 Divr 770.0 

Method File: 8330-HY 75:25:0/Z-22-50:00:50/2"- H20:22THP/MeOH:Methanol (Analysis) 
Calibration: 03AUG98 6330~ 2.5-looong/mL Phenomena Hypersil C8 SN251486 

Channel 109 Var-LC5500 UV 

Target'Analyte Resultr, Hypwsil-c8 
150x4.&1 5110 SN2514.96 8330'4 

Peak Name RT Oiff 
1 HNX 3.804 +0.04 
2 1.3.5-Trinitrober!~ 
3 Rox 7.031 +0.12 
4 2.4-Dinitrofluorob 8.569 +0.09 
5 1.3-Oinitrobenrene 5.00 
6 Nitrobenzene 5.00 
7 2.4.GTrinitrotolu 5.00 
8 TETRYL 13.956 -0.12 17 0.0335 u F 5.00 
9 2.4-Oinitrotoluene 5.00 

10 2.6-Dinitrotoluene 5.00 
11 2-AM-4.6-Dinitroto 5.00 
12 4-AM-2.6-Dinitroto 5.00 
13 2-Nitrotoluene 10.0 
14 4-Nitrotoluene 8.50 
15 3-Nitrotoluene 7.90 

-. 

____________________---------------------------------------------------------------- 
Surroaate Results hunt Amount 

-Peak Name Spiked Found XRec -Limits- 
4 2.4-Dinitrofluorob 2.60 2.2563 87 ( 65 - 135 1 

________________________________________-------------------------------------------- 

wotesr Ranae Flaw (R) Peak Tvw Flaw (P) 
8330-IRPPS-K-A U - Under calibration Range l - Flat top Peak 

0 - Over calibration Range F - Forced baseline 
X - Not calibrated II - Modified baseline 

________________________________________-------------------------------------------- _- 

Q/WS SUM 3.29A 
Reviewer: c Date: agv 

Printed: 08/04/98 23:31:27 

\ i 





Lab Name: QUANTERRA SACRAMENTO (8330 RT WINDOWS) 
Instrument ID: LC#4 

Column : Iiypersil CB 
Serial #: 237022 

DATE TIME 
STANDARD 1: 07/20/90 13:55 
STANDARD 2: 07/28/98 19:38 
STANDARD 3: 07/29/98 09:17 

Component 3x sm. 
RT 1 RT 2 RT 3 DEVIATION 

HMX 3.609 3.724 3.751 0.093 
1,3,5-Trinitrobenzene 6.533 6.507 6.490 0.055 
RDX 6.942 6.924 6.916 0.040 
2,4-Dinitrofluorobenzen 8.570 8.560 8.551 0.041 
1,3-Dinitrobenzene 9.564 9.547 9.530 0.040 
Nitrobenzene 11.396 11.378 11.440 0.096 
2,4,6-Trinitrotoluene 12.924 12.889 12.907 0.053 
TETRYL 14.302 14.231 14.213 0.141 
2,4-Dinitrotoluene 15.671 15.609 15.644 0.093 
2,6-Dinitrotoluene 16.871 16.800 16.853 0.111 
2-AM-4,6-Dinitrotoluenel7.476 17.404 17.422 0.112 
4-AM-2,6-Dinitrotoluenel8.142 18.089 18.080 0.101 
2-Nitrotoluene (0) 10.987 18.951 19.031 0.120 
4-Nitrotoluene (p) 19.378 19.333 19.431 0.147 
3-Nitrotoluene (m) 20.213 20.187 20.267 0.122 

R-20 
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Qllanterra / w. sacrmento 
calibration Statistics Smry 

;;;ixa~n~: IAUGL.-SV$109 ;l;Sof 1 

File: 03AUG98 Title: 83308 2.5-lOOOng/mL Phenomenex Hypersil CS SN251486 
corva Type* Line forced thro' zero (AVG RF) Weighting% l/X sqd 

t Peaknr 15 Calibration based 0118 Hetght 
___1______1__11___1__--1--1----11----1-1----.----=---.--*.-------.--------.--=------------ 

Calibration 
RT Component Name Factor 
____________________--------------------------- 

3.77 HMX 11.993 
6.49 1,3,5-Trinitrobenzene 21.426 
6.91 RDX 8.9406 
8.48 2,4-Dinitrofluorobenzene(Surr) 17.998 
9.44 1,3-Dinitrobenzene 21.547 

11.27 Nitrobenzene 10.802 
12.73 2,4,6-Trinitrotoluene (TNT) 13.462 
14.08 TETRYL 13.361 
15.41 2,4-Dinitrotoluene 14.020 
16.58 2,6-Dinitrotoluene a.3239 
17.18 2-AM-4,6-Dinitrotoluene 10.488 
17.84 4-AM-2,6-Dinitrotoluene 8.7060 
18.69 2-Nitrotoluene 5.3495 
19.0% 4-Nitrotoluene 4.3077 
19.94 3-Nitrotoluene 5.6389 

RSD Dynamic Range 
z Low High 

_________--__-__---_____________________--- 
3.7 5.00 1000 
9.5 5.00 1000 
6.4 5.00 1000 
4.6 5.00 150 
a.7 2.50 1000 
6.0 5.00 1000 
6.9 5.00 1000 
3.5 5.00 1000 
8.6 2.50 1000 
3.1 5.00 1000 
8.4 5.00 1000 
8.6 5.00 1000 
12 10.0 1000 
10 10.0 1000 
6.4 10.0 1000 

Analyst: JEDMONDSON Date: 04-AUG-1998 Reviewed: Date: gkiw y& 
CalibStats Ver 2.0 Printed at: 04-U-1998 16:44:34 

F/-63 



Quenterra / 91. sacremento 
Calibration statistics Report 

Calibration ID: [AU &TII SV 109 03ALlG98 
Instrument ID: PAGE 1 of 4 

File: 03AUG98 Title: 8330X 2.5-lOOOng/mL Phenomenex Hypeixil CE SN251486 
curve Type: Line forced thro' zero (AVG RF) Weighting: l/X sqd 
Qua& Base: Height 
_=______=__pI__I=I_*1-------1--1-1----1------------------------------------*-*---*-*---*** 

sD4?z RT: 3.77 min Window 3.57 - 3.97 min 
Level ID Amount/Conc'n Response Factor 

1 1 5.0000 11.772 
2 2 10.000 12.276 
3 3 25.000 11.789 
4 5 100.00 11.308 
5 6 500.00 12.501 
6 7 1000.0 12.312 

Calib Factor: 11.993 RSD: 3.72 

1,3,5-Trinitrobenzene RT: 6.49 min Window: 6.29 - 6.69 min 
Level ID Amount/Conc'n Response Factor 

1 1 5.0000 18.919 
2 2 10.000 20.209 
3 3 25.000 20.936 
4 5 100.00 20.697 
5 6 500.00 23.882 
6 7 1000.0 23.916 

Calib Factor: 21.426 RSD: 9.5% 

RDX 
Level ID 

1 1 
2 2 
3 3 
4 5 
5 6 
6 7 

RT: 6.91 min Window: 6.71 - 7.11 min 
Amount/Conc'n Response Factor 

5.0000 8.5905 
10.000 8.6367 
25.000 9.2256 
100.00 8.1404 
500.00 9.5120 
1000.0 9.5382 

Calib Factor: 8.9406 RSD: 6.4% 

2,4-Dinitrofluorobenrene(Surr) RT: 8.48 min Window: 6.23 - 0.73 min 
Level ID Amount/Conc'n Response Factor 

1 Tl 5.0000 19.021 
2 1 25.000 16.885 
3 2 50.000 10.272 
5 3 100.00 18.313 
6 5 150.00 17.500 

Calib Factor: 17.998 RSD: 4.68 

Analyst: JEDMONDSON Date: 04-AUG-1998 Reviewed: 24 Date: g15/'r 
CalibStats Ver 2.0 Printed at: 04-Al&1998 16:44:X 

V-23 



l,f-Dinitrobensene 
Level ID 

1 Tl 
2 1 
3 2 
4 3 
.s 5 
6 6 
7 7 

RTr 9.44 min Window 9.24 - 9.64 min 
Amount/Conc'n Response Factor 

2.5000 22.319 
5.0000 18.866 
10.000 19.956 
25.000 21.606 
100.00 20.575 
500.00 23.796 
1000.0 23.711 

Calib Factor: 21.547 RSD: 8.7% 

Nitrobenzene RT: 11.27 min Window: 11.07 - 11.47 min 
Level ID Amount/Conc'n Response Factor 

1 1 5.0000 9.5636 
2 2 10.000 10.884 
3 3 25.000 11.206 
4 5 100.00 10.715 
5 6 500.00 11.317 
6 7 1000.0 11.128 

Calib Factor: 10.802 RSD: 6.0% 

2,4,6-Trinitrotoluena (TNT) RT: 12.73 min Window: 12.43 - 13.03 min 
Level ID Amount/Conc'n Response Factor 

1 1 5.0000 12.085 
2 2 
3 3 
4 5 
5 6 
6 7 

TETRYL 
Level ID 

1 1 
2 2 
3 3 
4 5 
5 6 
6 7 

2,4-Dinitrotoluene 
Level ID 

1 Tl 
2 1 
3 2 
4 3 
5 5 
6 6 
7 7 

10.000 12.604 
25.000 13.714 

100.00 13.700 
500.00 14.412 
1000.0 14.256 

Calib Factor: 13.462 RSD: 6.9% 

RT: 14.08 min Window: 13.72 - 14.44 min 
Amount /Concl n Response Factor 

5.0000 14.086 
10.000 13.145 
25.000 13.717 

~100.00 13.365 
500.00 13.058 
1000.0 12.798 

Calib Factor: 13.361 RSDt 3.5% 

Amount/Cone' n 
2.5000 
5.0000 
10.0'00 
25.000 
100.00 
500.00 
1000.0 

Calib Factor: 

RT: 15.41 min Window: 15.16 - 15.66 min 
Response Factor 

13.816 
11.651 
14.095 
13.806 
14.289 
15.297 
15.187 

14.020 RSD: 8.6% 

n-24 



gunterra / PI. sacrament0 Calibration 
Calibration statistics Report Instrumant 

*File: 03AUG98 Title: S330H 2.5-lOOOng/mL Phenomenex 
Cwe type: Line forced thro' zero (AVG RF) 
Quant Base: Height 

Hypersil C8 SN251486 
Weighting: l/X sqd 

2,6-Dinitrotoluane RT: 16.58 min Window 16.33 - 16.83 min 
Level ID Amount/Conc*n Response Factor 

1 1 5.0000 8.5235 
.2 2 10.000 7.9513 

3 3 25.000 8.4391 
4 5 100.00 8.0365 
5 6 500.00 8.5480 
6 7 1000.0 0.4452 

Calib Factor: 8.3239 IUD: 3.1%~ 

2-AM-4,6-Dinitrotoluena RT: 17.18 min Window: 16.93 - 17.43 min 

Level ID Amount/Conc'n Response Factor 
1 1 5.0000 12.092 
2 2 10.000 9.8497 
3 3 25.000 10.011 
4 5 100.00 9.6919 
5 6 500.00 10.729 
6 7 1000.0 10.555 

Calib Factor: 10.488 RSD: 8.4% 

4-AM-2,6-Dinitrotoluene RT: 17.84 min Window: 17.59 - 18.09 min 

2-Nitrotoluene 
Level 

1 
2 
3 
4 
5 

I-Nitrotoluena 
Level 

1 
2 
3 
4 
5 

ID 
.1 
2 
3 
5 
6 
7 

ID 
2 
3 
5 
6 
7 

ID 
2 
3 
5 
6 
7 

Amount /Cone' n Response Factor 
5.0000 9.8184 
10.000 9.4242 
25.000 8.5127 
100.00 7.8534 
500.00 a.3735 
1000.0 8.2538 

Calib Factor: 8.7060 RSD: 0.6% 

RT: 18.69 min Window: 18.44 - 18.94 min 
Amount/Conc'n Response Factor 

10.000 5.7161 
25.000 6.1083 
100.00 5.5956 
500.00 4.7541 
1000.0 4.5735 

Calib Factor: 5.3495 RSDr 12 % 

RT: 19.06 min Window: 18.83 - 19.33 min 
Amount/Conc'n Response Factor 

10.000 4.1112 
25.000 5.0372 
100.00 4.4265 
500.00 4.0640 
1000.0 3.8996 

Celib Factor: 4.3077 RSD: 10 % 



Quanterra / w. sacramsato 
Calibration Statistics Report 

Calibration IDr [AUG SVI 
Instrument ID: 

-. tiv 'O',,;~G~; 4 

3-Nitrotoluene RT: 19.94 min Window 19.69 - 20.19 min 
Level ID Amount /cone n Response Factor 

1 2 10.000 5.4292 
2 3 25.000 5.9947 
3 5 100.00 6.0630 
4 6 500.00 5.4304 
5 7 1000.0 5.2772 

Calib Factor: 5.6389 RSD: 6.4% 

I=/-243 



-9UG SV] 109 4PCO4AUG980849,5,1 
-;eported on 4-AUG-1998 at 16:12 

Page 1 

Injection Report 

Acquired on 4-AUG-1998 at 11:30 

Quanterra,. Inc (West Sacramento) 

z?&y$ Name : LC4W 
: 109Lc4w9050 

Comment : 75:25:0/2-22-50:00t50/2' H20:2%THF/MeOH:Methanol (Curve) 
Method Title : Var-LC5500 W Hypersil-CB 15Ox4.6mm 5um SN251486 8330M 
Sample Name : E070898F 25/100ng/mL STD=I 
Sample Id : 
Sample Type : Standard Amount=l.OOOOO 
Bottle No :8 

Method . . . . . . . . . . . . . . . . . . . . . . . . . . 8330 HY c./ 
Run sequence . . . . . . . . . . . . . . . . . . . . EXP4EY 
Calibration..... . . . . . . . . . . . . . . . . 03AUG98 
External standard calibration using height 
Calibration last modified on 4-AUG-1998 at 16:12 
Calibration initialised on 12-DEC-1997 at 21:47 
Method last modified on 4-AUG-1998 at 15:54 

Uncalibrated peaks use user factor (0.0000) 



Quanterra, Inc (West Sacramento) 

[AUG SV] 109 4PCO4AUG980849,5,1 - 
E070898F 25/100ng/mL STD=I. Amount : 1.000. 
Varian 556O/UV9050 @25Onm flow=l.5 injection volume=2OOuL 
Acquired on 4-AUG-1998 at 11:30 
Reported on 4-AUG-1998 at 16~12 
Box 1 (of 1) 

*p- 6.51 

2 9.66 
, 

11.86 

12.6. 

n-28 



-[AUG sv] 109 4Pco4AUG980849,5,1 
RepoEted on 4-AUG-1998 at 16239 

Page 1 

Injection Report 

Acquired on 4-AUG-1998 at 11:30 

Quanterra, Inc (West Sacramento) 

2:~;: Name : LC4W 
: 109Lc4w9050 

Comment : 75~25:0/2-22-50:00:50/2n HZO:Z%THF/MeOH:Methanol (Curve) 
Method Title : Var-LC5500 W Hypersil-C8 15Ox4.6mm 5um SN251486 8330M 
Sample Name : E070898F 25/100ng/mL STD=I 
Sample Id : 
Sample Type : Standard Amount=l.OOOOO 
Bottle No :8 

PEAK INFORMATION 

ANALYSIS SUMMARY 

L. 

Method . . . . . . . . . . . . . . . . . . . . . . . . . . 8330 HY 
Run sequence.................... EXP4HY 
Calibration..................... 03AUG98 
External standard calibration using height 
Calibration last modified on 4-AUG-1998 at 16:39 
Calibration initialised on 12-DEC-1997 at 21:47 
Method last modified on 4-AUG-1998 at 16:38 

Uncalibrated peaks use user factor (0.0000) 



Quanterra, Inc (West Sacramento) 

[AUG SV] 109 4PCO4AUG980849,5,1 - 
E070898F 25/100ng/mL STD=I. Amount : 1.000. Varian 556O/UV9050 @25Onm flowzl.5 injection volume=2OOuL 
Acquired on 4-AUG-1998 at 11:30 
Reported on 4-AUG-1998 at 16:39 
Box 1 (of 1) 



'-IAUG SV] 109 4PCO4AUG980849,6,1 
Repoited on 4-AUG-1998 at 15x55 

Page 1 

Injection Report 

Acquired on 4-AUG-1998 at 12:06 

Quanterra, Inc (West Sacramento) 

Analyst Name : LC4W 
Lims Id : 109Lc4w9050 
Comment 
Method Title 

: 75:25:0/Z-22-50:00:50/Z" H20:2%TEF/MeOH:Methanol (Curve) 
: Var-LC5500 W Hypersil-C8 lSOx4.6mm Sum SN251486 8330M 

Sample Name : E070898C Z.S/S.Ong/ml STD=I 
Sample Id : 
Sample Type : Standard Amount=l.OOOOO 
Bottle No :8 

PEAK INFORMATION 

ANALYSIS SUMMARY 

Method . . . . . . . . . . . . . . . . . . . . . . . . . . 8330 HY 
Run sequence.................... EXP4nY 
Calibration . . . . . . . . . . . . . . . . . . . . . 03AUG98 
External standard calibration using height 
Calibration last modified on 4-AUG-1998 at 15:50 
Calibration initialised on 12-DEC-1997 at 21:47 
Method last modified on 4-AUG-1998 at 15:54 

Uncalibrated peaks use user factor (0.0000) 

F/-33/ 



Quanterra, Inc (West Sacramento) 

[AUG sv] 109 4PCO4AUG980849,6,1 - 
E070898C 2.5/5.0ng/d STD=f. Amount : 1.000. 
Varian 556O/UV9050 025Onm flow31.5 injection vohrne=2OOuL 
Acquired on 4-AUG-1998 at 12:06 
Reported on 4-AUG-1998 at 15:55 
Box 1 (of 11 

F/-32 



JJG SV] 109 4PCO4AUG980849,7,1 
Reported on 4-AUG-1998 at 15:55 

Injection Report 

Acquired on 4-AUG-1998 at 12:43 

Quanterra, 'Inc (West Sacramento) 

zt;yy; Name : LC4W 
: 109Lc4w9050 

Comment 
Method Title 

: 75:25:O/2-22-50:OO:50/2n H20:2%THF/MeOH:Methanol (Cuu;) 
: Var-LC5500 W Hypersil-C8 15Ox4.6mm 5um SN251486 

Sample Name : E070898D 5.0/25ng/mL STD=I 
Sample Id : 
Sample Type : Standard Amounk1.00000 
Bottle No : 8 

PEAK INFORMATION 



IAUG SV] 109 4PCO4AUG980849,7,1 
RepoFted on 4-AUG-1998 at 15:55 

-7 
Page 2 

ANALYSIS SmMARY 

Method . . . . . . . . . . . . . . . . . . . . . . . . . . 8330 HY 
Run sequence.................... EXP4i?Y 
Calibration..................... 03AUG98 
External standard calibration using height 
Calibration last modified on 4-AUG-1998 at 15:50 
Calibration initialised on 12-DEC-1997 at 21:47 
Method last modified on 4-AUG-1998 at 15:54 

Uncalibrated peaks use user factor (0.0000) 

Fl-34 



Quanterra, Inc (West Sacramento) 

[AUG SV] 109 4PCO4AUG980849,7,1 - 
E070898D 5.0/25ng/mL STD=I. Amount : 1.000. 
Varian 556O/wgO50 @25Onm flow=1.5 injection volume=2OOuL 
Acquired on 4-AUG-1998 at 12:43 
Reported on 4-AUG-1998 at 15:56 
BOX 1 (of 1) 

8.84 - 8.84 
c 

a.% 

I 

u-35 



IAUG SVI 109 4PCO4AUG980849,8,1 
Repoited on 4-AUG-1998 at 15:55 

Page 1 

Injection Report 

Acquired on 4-AUG-1998 at 13:19 

Quanterra;'Inc (West Sacramento) 

A$;y$ Name : LC4W 
I 109Lc4w9050 

Comment 
Method Title 

: 75:25:0/2-22-50:00:50/2" H20:2%THF/MeOH:Methanol (Curve) 
: Var-LC5500 W Hypersil-C8 15Ox4.6nun 5um SN251486 8330M 

Sample Name : E070898E 10/50ng/ml STD=I 
Sample Id : 
Sample Type : Standard Amount=l.OOOOO 
Bottle No :8 

Method . . . . . . . . . . . . . . . . . . . . . . . . . . 8330 HY 
Run sequence . . . . . . . . . . . . . . . . . . . . 
Calibration 

EXP4RY 
. . . . . . . . . . . . . . . . . . . . . 03AUG98 

External standard calibration using height 
Calibration last modified on 4-AlJG-1998 at 15:50 
Calibration initialised on 12-DEC-1997 at 21:47 
Method last modified on 4-AUG-1998 at 15:54 

F- 36 



I-WG SW] 109 4PCO4AUG980849,8,1 
-.epoFted on 4-AUG-1998 at 15:55 

Page 2 

Uncalibrated peaks use user factor (0.0000) 



Quanterra, Inc (West Sacramento) 

[AUG SV] 109 4PCO4AUG980849,8,1 - 
E070898E lO/SOng/ml STD=I. Amount t 1.000. 
Varian 556O/UV9050 825Onm flow=1.5 injection volume=2OOuL 
Acquired on 4-AUG-1998 at 13x19 
Reported on 4-AUG-1998 at 15:56 
Box 1 (of 1) 

-\ 



-.AUG sv] 109 4PCO4AUG980849,9,1 
lepofted on 4-AUG-1998 at 15:55 

Page 1 

Injection Report 

Acquired on 4-AUG-1998 at 13:55 

Quanterra, Inc (West Sacramento) 

pa~ys; Names : LC4W 
: 109Lc4w9050 

Comment : 75:25:0/2-22-50:00:50/2" H20:2%THF/MeOH:Methanol (Curve) 
Method Title : Var-LC5500 W Hypersil-C8 lfOx4.6mm 5um SN251486 8330M 
Sample Name : E070898G 100/150 STB=I 
Sample Id : 
Sample Type : Standard Amount=l.OOOOO 
Bottle No : 8 

PEAK INFORMATION 

ANALYSIS SUMMARY 

Method.......................... 8330 HY 
Run sequence.................... EXP4HY 
Calibration . . . . . . . . . . . . . . . . . . . . . 03AUG98 
External standard calibration using height 
Calibration last modified on 4-AUG-1998 at 15:50 
Calibration initialised on 12-DEC-1997 at 21:47 
Method last modified on 4-AUG-1998 at 15:54 



[AUG SV] 109 4PCO4AUG980849,9,1 
Repoyted on 4-AUG-1998 at 15:55 

Page 2 T, 

Uncalibrated peaks use user factor (0.0000) 



Quanterra, Inc (West Sacramento) 

[AUG SV] 109 4PC04AUG980849,9,1 - 
E070898G 100/150 STD=I. Amount : 1.000. 
Varian 556O/W9050 @25Onm flowz1.5 injection volume=2OOuL 
,Acquired on 4-AUG-1998 at 13x55 
Reported on 4-AUG-1998 at 15:56 
Box 1 (of 1) 



[AUG SV] 109 4PCO4AUG980849,10,1 
RepoTted on 4-AUG-1998 at IS:55 

? 
Page 1 

Injection Report 

Acquired,on 4-AUG-1998 at 14:31 

Quanterra; Inc (Nest Sacramento) 

Aninysk Name : LC4W 
: 109Lc4w9050 

Comment : 75:X:0/2-22-50:00$50/2" H20:2%THF/MeOH:Methanol 
Method Title : Var-LC5500 W Hypersil-CS 15Ox4.6nun Sum SN251486 
Sample Name : E070898H 500 ng/mL 8330 Mix STD-I 
Sample Id : 
Sample Type : Standard Amount=l.OOOOO 
Bottle No : a 

PEAK INFORMATION 



;AUG SV] 109 4PCO4AUGY80849,10,1 
Repozted on 4-AUG-1998 at 15~55 

Page 2 

ANALYSIS SUMMARY 

Method . . . . . . . . . . . . . . . . . . . . . . . . . . 8330 HY 
Run sequence...................:EXP4zY 
Calibration..................... 03AUG98 
External standard calibration using height 
Calibration last modified on 4.-AUG-1998 at 15:SO 
Calibration initialised on 12-DEC-1997 at 21:47 
Method last modified on 4-AUG-1998 at 15:54 

Uncalibrated peaks use user factor (0.0000) 

.- 

wt3 



Qusnterra, Inc (West Sacramento) 

[AUG SV] 109 4PCO4AUG980849,10,1 - 
E070898K 500 ng/mL 8330 Mix STD=I. Amount : 1.000. 
Varian 556O/UV9050 Q250nm flow=1.5 injection volume=2OOuL 
Acquired on 4-AUG-1998 at 14~31 
Reported on 4-AUG-1998 at 15856 
Box 1 (of 1) 

11 3.4, 

I 
- 11.30 

12.73 

14.09 

13.43 

-. 



!DG SV] 109 4PCO4AUG980849,11,1 
tiepo?ted on 4-AUG-1998 at 15:55 

Page 1 

Injection Report 

Acquired on 4-AUG-1998 at 15r08 

Quanterra,~ Inc (West Sacramento) 

$$ysk Name : LC4W 
: 109Lc4w9050 

Comment : 75:25:0/2-22-50:00:50/2" H20:2%THF/MeOH:Methanol (Curve) 
Method Title : Var-LC5500 W Hypersil-C8 15Ox4.6mm Sum SN251486 8330M 
Sample Name : E0708981 1000 ng/mL 8330 Mix STD=I 
Sample Id : 
Sample Type : Standard Amounk1.00000 
Bottle No :8 

PEAK INFORMATION 



[AUG SW] 109 4PCO4AUG980849,11,1 
RepoTted on 4-AUG-1998 at 15:55 

Page 2 -. 

ANALYSIS SUMMARY 

Method . . . . . . . . . . . . . . . . . . . . . . . . . . 8330 Hy. 
Run sequence.................... EXP4EY 
Calibration..................... 03AUG98 
External standard calibration using height 
Calibration last modified on 4-AUG-1998 at 15:SO 
Calibration initialised on 12-DEC-1997 at 21:47 
Method last modified on 4-AUG-1998 at 15:54 

Uncalibrated peaks use user factor (0.0000) 



Quanterra, Inc (West Sacramento) 

[AUG SV] 109 ~4PtiO4AUG98Ci849,11,1 - 
E0708981 1000 ng/mL 8330 Mix STD-I. Amount I 1.000. 
Varian 5560/UV9050 825Onm flow=1.5 injection volume=2OOuL 
Acquired on 4-AUG-1998 at 15:08 
Reported on 4-AUG-1998 at 15:56 
Box 1 (of 1) 

6.49 
6.90 

3.44 

11.27 

12.72 

14.06 

13.51 

15.40 

16.57 

17.18 

17.82 

2 18.69 
19.09 

19.s 



[AUG SV] 109 4PCO4AUG980849,12,1 
Repo?ted on 4-AUG-1998 at 16x09 

-, 
Page 1 

Injectfon Report 

Acquired on 4-AUG-1998 at 15844 

Quanterra, Inc (West Sacramento) 

Anin;y;s Name : LC4W 
: 109Lc4UV9050 

Comment : 75~25~0/2-22-50:00:50/2" H20:2%THF/MeOH:Methanol (Curve) 
Method Title : Var-LC5500 W Hypersil-C8 15Ox4.6mm 5um SN251486 8330M 
Sample Name : Water blank 
Sample Id : 
Sample Type : Sample Amount=l.OOOOO 
Bottle No :8 

ANALYSIS SUMMARY 

Method.......................... 8330 HY 
Run sequence.................... EXP48Y 
Calibration..................... 03AUG98 
External standard calibration using height 
Calibration last modified on 4-AUG-1998 at 16:07 
Calibration initialised on 12-DEC-1997 at 21:47 
Method last modified on 4-AUG-1998 at 15:54 

Uncalibrated peaks use user factor (0.0000) 



,-- Quanterra, Inc (West Sacramento) 

[AUG SV] 109 4PCO4AUG980849,12,1 - . 
Water blank. Amount : 1.000. 
Varian 556O/W9050 Q250nrn flow=1.5 injection volume=200uL 
Acquired on 4-AUG-1998 at 15:44 
Reported on 4-AUG-1998 at 16:09 
Box 1 (of 1) 





AlJG sv] 109 4H 04AUG981450,1,1 
rlepo?ted on 4-XUG-1998 at 17:12 

Page 1 

Injection Report 

Acquired on 4-AUG-1998 at 16x47 

Quanterra.~ Inc (West Sacramento) 

Anm;y;s Name : LC4W 
: 109Lc4w9050 

Comment : 75:25:0/2-22-50:00:5OJ2'- 
Method Title 

H20:2%TRF/MeOH:Methanol (Analysis) 
: Var-LC5500 W Hypersil-C8 15Ox4.6mm Sum SN251486 8330M 

Sample Name : E070898F 25/100 8330MIX CV 
Sample Id : 
Sample Type : Standard Amount=l.OOOOO 
Bottle No :8 

PEAK INFORMATION 

ANALYSISSUMMARY 

Method . . . . . . . . . . . . . . . . . . . . . . . . . . 8330 HY 
Run sequence.................... EXP4RYl 
Calibration 03AUG98 
External stanaa;~'cai~~;ation'using height 

.- Calibration last modified on 4-AUG-1998 at 17:12 
Calibration initialised on 12-DEC-1997 at 21:47 
Method last modified on 4-AUG-1998 at 16:40 

Uncalibrated peaks use user factor (0.0000) 



Qusnterra, Inc West Sacramento) 

[AUG SV] 109 4H 04AUG981450,lJ - - 
E070898F 25/100 8330MIX CV. Amount t 1.000. 
Varian 5560/UV9050 @25Onm flow=l.S injection volume=2OOuL 
Acauired on 4-AUG-1998 at 16r47 
Refiorted on 4-AUG-1998 at 17~12 
BOX 1 (of 1) 



Quantarta / w. sacr-to Analyda ID! [AIJG-SW 109 4H-04AUG981450, 1 
Chromatography Summa~ Acquiradr HPLC 114 4-AUG-1998 at 16:47 

____________________---------------------------------------------------------------- 
sampler E070898F 25/100 8330MIX CV Mu1tr 1.00 Dilf: 1.00 Divr 1.000 
Method Pile: 8330-HY 75:25:0/Z-22-50:00:50/Z*- HZ0:2WHF/MeOH:Methanol (Analysis) 

Calibration: 03AUG98 83308 2.5-lOOOng/!nL Phenomenex Hyperail c8 SN251486 
____________________-------------------------------~-------------------------------- 

Channel 109 Var-LC5500 UV 

Calibration Check Nypersil-cl) 
15Ox4.bnn 5un SN2514.96 633ON 

Peak Name RT True Calc. 30 -Limits- 

1lUiX 3.804 25.00 24.1923 -3.2 ( 15) 
2 1.3.5-Trinltrobenz 6.496 25.00 23.8052 -4.8 ( 15) 
3 Pnx 6.889 25.00 22.9470 -8.2 ( 15) 
4 2.4-Oinitrofluarob 6.480 100.0 99.802 -0.20 ( 15) 
5 1.3~Dinitrobenzene 9.422 25.00 23.6634 -4.5 ( 15) 
6 Nitrobenzene 11.244 25.00 25.6327 2.5 ( 15) 
7 2.4.6-Trinitrotolu 12.736 25.00 24.3666 -2.5 ( 15) 
6 TETRYL 14.062 25.00 24.0070 -0.77 ( 15) 
9 2.4-Dinitrotoluene 15.387 25.00 24.6606 -0.56 ( 15) 

10 2.6~Dinitrotoluene 16.551 25.00 22.6102 -8.0 ( 15) 
11 2-m-4.6-Dinitroto 17.147 25.00 22.2946 -11 ( 15) 
12 4-AN-2.6~Dinltroto 17.822 25.00 21.8519 -13 ( 15) 
13 2-Nitrotoluene 18.667 25.00 26.3078 5.2 ( 15) 
14 4-Nitrotoluene 19.022 25.00 25.6431 2.6 ( 15) 
15 3-Nitrotoluene 19.902 25.00 27.5249 10 ( 15) 

------------------------------------------------------------------------------------ 
Notes : 

No limits found 15X used 

.c Average fD - 5.2 \ 

Q/W SUM 3.29A 



[AUG SV] 109 4H 04AUG981450,12,1 
Repo?ted on 5-XUG-1998 at 14:13 

-,. 
Page 1 

Infection Report 

Acquired on 5-AUG-1998 at 00:18 

Quanterra, Inc (West Sacramento) 

Aniniyf; Name : LC4w 
: 109Lc4w9050 

Comment : 75:25t0/2-22-50:00:50/2"- H20:2%THF/MeOH:Methanol (AnalySis) 
Method Title : Var-LC5500 W Hypetsil-CB 15Ox4.6nrm 5um SN251486 8330M 
Sample Name : E070898F 25/100 8330MIX CV 
Sample Id : 
Sample Type : Standard Amount=l.OOOOO 
Bottle No : 8 

PEAK INFORMATION 

.-. 



- WG SV] 109 4H 04AUG981450,12,1 
.tepo?ted on 5-'AUG-1998 at 14113 

Page 2 

ANALYSIS SUMMARY 

Method.......................... 8330 HY 
Run sequence.................... EXP4RYl 
Calibration..................... 03AUG98 
External standard calibration using height 
Calibration last modified on 5-AUG-1998 at 14:13 
Calibration initialised on 12-DEC-1997 at 21:47 
Method last modified on 4-AUG-1998 at 16:40 

Uncalibrated peaks use user factor (0.0000) 



Quanterra, Inc (West Sacramento) 

[AUG SV] 109 4H .04AUG981450,12,1 - - 
E070898F 25/100 8330MIX CV. Amount : 1.000. 
Varian 556O/W9050 @25Onm flow=1.5 injection volume=2OOuL 
Acquired on 5-AUG-1998 at 00x18 
Reported on 5-AUG-1998 at 14:13 
Box 1 (of 1) 



.- 
Quanterra / 14. Sacralsento Analysis ID: [AUG~SVI 109 4H~O4AUG981450,12 
chromatography Summary Acquired: HPLC #4 5-AUG-1998 at 00:18 

________________________________________-------------------------------------------- 
Samplar E07089EF 25/100 8330MIX CV ldultr 1.00 Dilfr 1.00 Din 1.000 
Method File: .9330-HY 75:25:0/2-22-50:00:50/2"- li20:2ITHF/MeOH:Metbanol (Analysis) 
Calibration: 03AUG98 8330H 2.5-lOOOng/mL Phenomena iiypersil CB SN251486' 
____________________---------------------------------------------------------------- 

Channel 109 Var-LC5.500 UV 
Calibration Check HyCypersil-C6 

15Ox4.6rm Sun SNZ51486 833OH 

Peak Name RT Trw Calc. m -Limits- 

1 linx 3.893 25.00 24.4363 i2.2 ( 15) 
2 1.3.5-Trinitrobenz 6.551 25.00 23.4550 -6.2 ( 15) 
3 rmx 7.076 25.00 24.0136 -3.9 ( 151 
4 2.4-Dinitrofluorob 6.596 100.0 97.3432 
5 1.3-Dinitrobenzene 9.591 25.00 24.1594 
6 Nitrobenzene 11.396 25.00 24.9374 
7 2.4.6-Trinitrotolu 12.898 25.00 23.9746 
6 TETRYL J4.336 25.00 25.4482 
9 2.4.Oinitrotoluene 15.680 25.00 24.3994 

10 2.6-Dinitrotoluene 16.869 25.00 26.1265 
11 2-All-4.6-Dinitroto 17.616 25.00 26.4049 
12 4.AM-2.6-Dinitroto 18.276 25.00 24.3626 
13 2-Nitrotoluene 18.987 25.00 26.1755 
14 P-Nitrotoluene 19.360 25.00 29.9325 
15 3-Nitrotoluene 20.187 25.00 29.4643 

-2.7 i 15, 
-3.4 ( 15) 

-0.25 ( IS) 
-4.1 ( 15) 
1.6 ( 15) 

-2.4 ( 15) 
4.5 ( 15) 

_----------------------------------------------------------------------------------- 
Notes t 

No limits found 15% used 

-~ Average %D - 6.0 
------------ - ----- \ -------------------_____________________------------------------- 

P/W SUM n Reviewer: Date: 
3.29 Printed: 08/05/98 14:13:16 

'F/- 57 



IAUG SV] 109 4H 04AUG981450,12,1 
Repoyted on S-XUG-1998 at 14:16 

-. 
Page 1 

Injection RePort 

Acquired on 5-AUG-1998 at 00x18 

Quanterra, Inc (West Sacramento) 

Analyst Name t LC4w 
Lims Id : 109Lc4w9050 
Comment 
Method Title 

: 75r25~0/2-22-50:00:50/2"- H20:2%THF/MeOH:Methanol j(;;ysis) 
: Var-LC5500 W Hypersil-C8 15Ox4.6mm Sum SN251486 

Sample Name : E070898F 25/100.8330MIX CV 
Sample Id : 
Sample Type : Standard Amount=1.00000 
Bottle No : 8 

PEAK INFORMATION 

160 0.00000 
5653 4.6.91028 - 
5813 415.9101B E-INTEGRATION CODES 

1 Poor Peak Shape 6 column Dlecd 
2 PODS peak ~eso~utlon 6 Instrument Noise 
3 Peak Not Integrated 
4 Sample Matrix lnterfer 

~pertpee~;lmust 

ALL IIE-INTEGRATIONS MUS BE INITIALED, 
DATED, AND CODED. 

/ 



.T LUG SW] 109 4H 04AUG981450,12,1 
,,epoFted on 5-5izIG-1998 at 14:16 

Page 2 

ANALYSIS SUMMARY 

Method.......................... 8330 HY 
Run sequence.................... EXP4nYl 
Calibration..................... 03AUG98 
External. standard calibration using height 

~Calibration last modified on 5-AUG-1998 at 14t16 
Calibration initialised on 12-DEC-1997 at 21:47 
Method last modifidon 5-AUG-1998 at 14:15 

Uncalibrated peaks use user factor (0.0000) 



[AUG SV] *:‘o’F”‘iii (:;it&i?% 5 0,12,1 - - 
E07?898P X/l00 8330MIX CV. Amount : 1.000. 
Var+n 556O/UV9050 @25Onm flow=1.5 injection volume=2OOuL 
Acquired on 5-AUG-1998 at 00:18 
Reported on 5-AUG-1998 at 14~16 
Box 1 (of 1) 

P 11.40 

iz 

12.60 

14.64 



Quanterra / n. sacrament0 
Chromatography Summary 

Analysis ID! [AUG-SV] 
Acquired: HPLC #4 

109 4H~O4AIJG981450.12 
5-AUG-1998 at 00:18 

_________________------------------------------------------------------------------- 

Sampler E070898P 25/100 8330MIX CV Multr 1.00 Dilft 1.00 Divr 1.000 
Method Pile: 8330-HY 
Calibration: 03AUG98 

75:25:0/2-22-50:00:50/2"- H20:2ZTHF/MeOH:Methanol (Analysis) 
8330H 2.5-lOOOng/mL Phenomenex Hypersil C8 SN251486 

_________________------------------------------------------------------------------- 

Channel 109 VWLCSSOO UV 

Calibration Check tlypersil-Ca 
15Ox4.6nn 5un.SN.251486 833ON 

Peak Name RT Tt-W talc. XD -Limltr- 

1 HEM 3.893 25.00 24.4383 -2.2 ( 15) 
2 1.3.STrinitrohz 6.551 25.00 23.4550 -6.2 ( 15) 
3 RDX 7.076 25.00 24.0136 -3.9 ( 15) 

4 2.4-Oinitrofluorob a.596 100.0 97.3432 -2.7 ( 151 
5 1.3-Dinitrobenzene 9.591 25.00 24.1594 -3.4 ( 15) 
6 Nitrobenzene 11.396 25.00 24.9374 -0.25 ( 15) 
7 2.4.6-Trinitrotolu 12.898 25.00 23.9748 -4.1 ( 15) 

a TETRYL 14.338 25.00 25.4482 1.8 ( 15) 
9 2.4-Dinitratoluene 15.680 25.00 24.3994 -2.4 ( 15) 

10 2.6-Dinitrotoluene 16.669 25.00 25.7640 3.1 ( 15) 

11 2-An-4.6.Dinitroto 17.618 25.00 25.8025 3.2 ( 15) 
12 4-An-2.6.Dinitroto 18.276 25.00 23.2948 -6.8 ( 15) 

13 2-Nitrotoluene 18.987 25.00 25.8356 ( 15) 

14 P-Nitrotoluene 19.360 25.00 26.6341 ( 15) 
15 3.Nitrotoluene 20.196 25.00 27.4099 ( 15) 

'\ 

RE-MEGRATIoN cm ES 

------------------------------------------------------------------------------------ 
Notes8 

No limits found 15X used 

Average ID - 4.0 

-eviewer: ct late: Dl51 D 

Printed: 08/o&98 

d/lm( 

14:16:11 





METHOD BLANK REPORT 
HPLC Analysis Area 
Project: 300612 

Test: 
Method: 

;;:;-IRPMS-IC-A 

Matrix: AQUEOUS 
28 JUL 98-130 

jza\$d: 04 AUG 98 

Analyte 

RDX 
1,3-Dinitrobenzene 
Nitrobenzene 
2,4,6-Trinitrotoluene 
Tetr 1 
2,4-i!initrotoluene 
;,;6-D;;ftrotoluene 

4:Am-DNT 
2-Nitrotoluene 
4-Nitrotoluene 
3-Nitrotoluene 

Surrogate % Recovery Acceptable Range 

2,4-Dinitrofluorobenzene 89 65 -135 

ND = Not Detected 

Nitroaromatics and Nitramines by HPLC 

QC Run: ;; $L 9B-13D 
Time: : 

Result Units 
Re pgw 

e 

2:: 
2:: 
Z:i 
:*i 
5:o 

10 
8.5 
7.9 

Qualifier 



[AUG SV] 109 4H 04AUG981450,2,1 
RepoFted on 4-XUG-1998 at 18x41 

--% 
Page 1 

Injection Report 

Acquired on 4-AUG-1998 at 18:16 

Quanterra, Inc (West Sacramento] 

Analyst Name t LC4W 
Lims Id : 109Lc4w9050 
Comment : 75~25:0/2-22-50:00:50/2"- H20:2%TBF/MeOH:Methanol (Analysis) 
Method Title : Var-LC5500 W Hypersil-CB 15Ox4.61nm Sum SN251486 833OM 
Sample Name : MB 28JUL98-13D 770ML,'20ML 
Sample Id : 
Sample Type Amount=l.OOOOO 
Bottle No 

PEAK INFORMATION 

ANALYSIS SUMMARY 

Method . . . . . . . . . . . . . . . . . . . . . . . . . . 8330 HY 
Run sequence.................... EXP4nYl 
Calibration..................... 03AUG98 
External standard calibration using height 
Calibration last modified on 4-AUG-1998 at 17~13 
Calibration initialised on 12-DEC-1997 at 21247 
Method last modified on 4-AUG-1998 at 16:40 

Uncalibrated peaks use user factor (0.0000) 



.- 
Quantemra, Inc (West SaCram&eO) 

[AUG SV] 109 4H 04AUG98i450,2,1 - - 
MB 28JUL98-13D 77OML/2OML. Amount : 1.000. 
Varian 5560/W9050 025Onm flow=1.5 injection volume=2OOuL 
Acquired on 4-AUG-1998 at 18r16 
Reported on 4-AUG-1998 at 18r41 
Box 1 (of 1) 



QuaILterra / w. sacrament0 
chrolaatography summury 

Analysis ID: IAUG-SVl 109 4H~O4AUG981450, 2 
Acquired: HP&C #4 4-AlJG-1998 at 18:l.S 

“ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ ”  ““““““““““““““““““““““““““““““““”””””””””””””””““““““““““”””””””“““““““““““““““;~~“~ 

sampler MB 28JUL98-13D 77OML/2Om ldultl 20.00 Dilf: Dilf: 1.00 Divr 1.00 Divr 770.0 

Method Oiler 8330-m 75:25:0/2-22-SO:OO:SD/2'- H20:2ZTHF/MeOH:Methanol Vu'ialysii) )0:50/2'- Si20:2ZTHF/MeOH:Methanol Vu'ialysis) 
Calibration: 03AuO98 83308 2.S-lOOOng/mL Phenomenex Hypersil CB sN251486 2;5-lOOOng/mt Phenomenex Hypersil CB sN251486 
"""""""""""""""" _"_""""""""""""""""""""" ,______________"__"_"""""""""""""""""""""""""""""""""""""""" """""""""""""""""""""""""""""""""""""""""""" """"""""" -_- ---- 

Channel 109 Yar-Lc5500 UY 

Target Analyte Results 
Peak Name 

ltU% 
2 1.3.5Trinitrobenr 
2 D"Y 
”  , - ”  

4 2.4-Dinitrofluorob 8.507 '0.03 1595 2.3011 F 
5 1.3-Dlnitrobenzene 0.100 
6 Nitrobenzene 1.00 
7 Z.&b-Trinitratolu 0.130 
8 TETRYL 13.876 -0.20 34 0.0670 U F 1.00 
3 2.4-Dlnitrotoluena 0.100 

10 2.6-Dinitrotoluene 0.300 
11 2-An-4.6-Dinitroto 0.130 
12 4.AM-2.6-Dinitroto 0.130 
13 2.Nitrotoluene 1.00 
14 4-Nitrotoluene 1.00 
15 3-Nitrotoluene 1.00 .-. 

_______“__“_“_______““““““““““““”””””””””””””””““““““““““”””””””“““““““““““““““““““” 

Surrogate Results &molt AmDunt 
Peak Name Spiked Found met -Llmits- 

4 2.4~Dinitrofluorob 2.60 2.3011 69 ( 65 - 135 1 

““““““““““““““““““““““““““““““““”””””””””””””””““““““““““”””””””““-“-“--“----------- 

Notes: Rawe Flaw (R) Peak Twe Flaw (PI 
6330 II - Under calibration Range * - Flat top Peak 
Ouantitation limits exceed RL 0 - Over calibration Range F - Forced baseline 

X - Not calibrated H - Elodified baseline 

Q/WS SUM 3.29A 
Reviewer: GL Date: -$$f!: 

Printedr 00/04/30 : . 

W-Lb 



Labora~or~/Duphca~e ,Con/-rol Sample 

:- 



DUPLICATE CONTROL SAMPLE REPORT 
HPLC Analysis Area 
Project: 300612 

Category: 8330-COE-A Explosives by HPLC 
;;;i%;;de: ;;;!33:tPMS-lC-A Method: 8330 

QC Loti 28 JUL 98-130 
Concentration Units: ug/L 

Analyzed Date: 04 AUG 98 Time: 19:28 

Analyte 

HMX 
1,3,5-Trinitrobenzene 
ROX 
1?3-Oinitrobenzene 
Nltrobenzene 
2,4,6-Trinitrotoluene 
Tetryl 
2,4-Oinitrotoluene 
2,6-Oinitrotoluene 
2-Am-ONT 
4-Am-ONT 
2-Nitrotoluene 
4-Nitrotoluene 
3-Nitrotoluene 

Surrogate 

2,4- 

---------Concentration-------- 

Spiked --~E~i-MeaSW~W;---- 
Accuracy 

DCSl%S2 

---------Concentration-------- 

Spiked --DC;;-Measured----- 
OCS2 

Accuray{;) 
OCSl 

Oinitrofluorobenzene 2.6 2.4 2.4 90 92 

Precision- 

Limits 0 !PFlmit I! 

65-135 1.2 35 
65-135 0.51 35 
65-135 4.6 35 
65-135 8.1 35 
65-135 22 35 
65-135 3.2 35 
65-135 0.47 35 
;54;; 0.12 35 

12 35 
65-135 5.2 35 
f55-;;; 5.5 35 

651135 29 ~- l9 2 
65-135 20 35 

Limits 

65-135 

Calculations are performed before rounding to avoid round-off errors in calculated resul; 



XUG SV] 109 4H-04AUG981450,3,1 
.iepo?ted on 4-AUG-1998 at 19:17 

Page 1 

Injection Report 

Acquired on 4-AUG-1998 at 18:52 

Quanterra; Inc (West Sacramento) 

A&y;; Name : LC4UV 
: 109Lc4Uv9050 

Comment : 
Method Title 

75:25:0/2-22-50:00:50/2n- H20:2%THF/MeOH:Methanol ;(;;ysis) 
: Var-LC5500 UV Hypersil-C8 15Ox4.6mm Sum SN251486 

Sample Name : DCSl 28JUL98-13D 770ML/20ML 
Sample Id : 
Sample Type : Sample Amount=l.OOOOO 
Bottle No :8 

PEAK INFORMATION 



IAUG SW] 109 4H 04AUG991450,3,1 
Reported on 4-XUG-1998 at 19:17 

Page 2 

ANALYSIS SUMMARY 

Method . . . . . . . . . . . . . . . . . . . . . . . . . . 8330 WY. 
Run sequence.................... EXP4RYl 
Calibration . . . . . . . . . . . . . . . . . . . . . 03AUG98 
External standard calibration using height 
Calibration last modified on 4-AUG-1998 at la:41 
Calibration initialised on 12-DEC-1997 at 21:47 
Method last modified on 4-AUG-1998 at 16:40 

Uncalibrated peaks use user factor (0.0000) 



Quanterra, Inc (West SaCraIILentO) 

[AUG SV] - 109 ~4H 04AUG9~81450,3,1 - - 
DC.51 28JUL98-13D 77OML/2OML. Amount : 1.000. 
Varian 556O/W9050 @25Onm flow=1.5 injection vohme=2OOuL 
Acquired on 4-AUG-1998 at 18:52 
Reported on 4-AUG-1998 at 19:17 
BOX 1 (of 1) 

a 6.43 

1 6.66 

I 16.62 

3 17.13 

> 17.76 



Qllaatene / w. sacrament0 Analysis ID: [AUQ-SVI 109 4H-04AUG981450, 3 ~-~ 
Chromatography Summary Acquired: HPLC #4 4-AUG-1998 at 18:52 

_____________---____---------------------------------------------------------------- 
Sampler DCSl 28JUL98-13D 77OML/ZOML m1tr 20.00 Dilfr 1.00 Divr 770.0 
Method Filer 8330-HY 75:25:0/Z-22-50:00:50/Z"- HZO:ZZTHF/MeOH:Methanol (Analysis) 
Calibration: 03AUG98 833OH 2.5-lOOOng/mL Phenomenex Hypersil CB SN251486 
____________________---------------------------------------------------------------- 

channel 109 Var-Lc550wuv 
Laboratory Control Sample tiypersil-t3 

15Ox4.6nn 5un SN251466 633ON 
Peak Name RT Soiked Found Ret -Limits- 

1HMX 3.604 0.500 0.4677 -94 ( 65- 135) 
2 1.3.5-Trinitrobenz 6.460 0.500 0.4679 94 
3 RJJX 6.680 0.500 0.4321 06 
; 2.4-Oinitrofluorob 8.462 2.60 2.3505 90 
5 1.3~Dinitrobenrene 9.422 0.500 0.4246 85 
6 Nitrobenzene Il.253 0.500 0.330 74 
7 2.4,6-Trinitrotolu 12.711 0.500 0.5111 102 
8 TETRYL 14.036 0.500 0.5096 102 
9 2.4~Dinitratoluene 15.369 0.500 0.4655 97 

10 2.6~Dinitrotoluene 16.516 0.500 0.4325 66 
11 2-M-4.6~Dinitroto 17.129 0.500 0.4533 91 
12 4-PM-2.6-Dinitroto 17.776 0.500 0.4817 96 
13 2-Nitrotoluene 18.622 a.500 0.4141 63 
14 4-Nitrotoluene 19.022 0.500 0.4134 03 
15 3-Nitrotoluene 19.902 0.500 0.4302 66 

( 65 - 135 ) 
( 6s - 135 ) 
( 65 - 135 ) 
( 65 - 135 ) 
( 65 - 135 ) 
( 65 - 135 1 
( 65-135) 
( 65 - 135 ) 
( 65 - 135 ) 
( 65 - 135 1 
( 65 - 135 1 
( 65 - 135 1 
( 65 - 135 ) 
( 65 - 135 ) 

------------------------------------------------------------------------------------ 
Surrogate Results Anount Anolmt 

Peak Name Soiked Found XRK -Limits- 
4 2.4-Dinitrofluorcb 2.60 2.3505 90 ( 65 - 135 ) 

Q/W SUM 3.29A 
Reviewer: QL 

Date: e-$& 
Printed: 08/05/98 . * 



.$UG SVj 109 4H 04AUG981450,4,1 
RepoFted on 4-XUG-1998 at 19:54 

Injection Report 

Acquired on 4-AUG-1998 at 19r28 

Quanterra, Inc (West Sacramento) 

21yzk Name : LC4UV 
I 109Lc4UV9050 

Comment : 75:25:0/2-22-50:00:50/2"- 
Method Title 
Sample Name 

: Var-LC5500 W Hypersil-C8 15Ox4.6mm 5um SN251486 
H20r2%TBF/MeOH:Methanol @&ysis) 

: DCS2 28JUL98-13D 770ML/20ML 
Sample Id : 
Sample Type : Sample Amount=l.OOOOO 
Bottle No :8 

PEAK INFORMATION 



[AUG 5Vl 109 4H 04AUG991450,4,1 
Repozted on 4-SiUG-1998 at 19:54 

? 

Page 2 

ANALYSIS SUMMARY 

Method . . . . . . . . . . . . . . . . . . . . . . . . . . 8330 HY 
Run sequence.................... EXP4EYl 
Calibration..................... 03AUG98 
External standard calibration using height 
Calibration last modified on 4-AUG-1998 at 19x17 
Calibration initialised on 12-DEC-1997 at 21847 
Method last modified on 4-AUG-1998 at 16:40 

Uncalibrated peaks use user factor (0.0000) 



Quanterra, Inc (West Sacramento) 

[AUG SV] 109 4H 04AUG981450,4,1 - - 
DCS2 28JUL98-13D 77OWL/2OML. Amount : 1.000. 
Varian 556O/UV9050 @25Onm flow=1.5 injection volume=2OOuL 
Acquired on 4-AUG-1998 at 19:28 
Reported on 4-AUG-1990 at 19:54 
Box 1 (of 1) 

x 9.49 
> 9.99 

p 9.47 

> 9.49 

> 11.29 

5 12.72 

5 14.09 

> 19.40 

’ 19.57 

> 17.17 

1 17.99 

19.99 

19.99 

19.99 

24.99 f/75 



channel 109 VW-Lc5500 uv 

Laboratory Control Sample Hypersil-C8 
15Ox4.hna 5un SN251486 833OIl 

Peak Name RT Soiked found Ret -Limits- 

HMX 3.813 0.500 0.4734 95 ( 65-1351 1 
2 
3 
4 
5 
6 
7 
0 
9 

10 
11 
12 
13 
14 
15 

1.3.6-Trinitrobenz 6.489 0.530 0.4703 94 ( 65 - 135 j 
RDX 6.089 0.500 0.4526 91 ( 65-135) 
2.4-Dinitrofluorob 8.471 2.60 2.3997 92 ( 65 - 135 ) 
1.3-Dinitrcbenzene 9.431 0.500 0.4606 92 ( 65 - 135 ) 
Nitrobenzene 11.262 0.500 0.4579 92 ( 65 - 135 ) 
2.4.6-Trinitrotolu 12.720 0.500 0.4949 99 ( 65 - 135 1 
TETUYL 14.062 0.500 0.5122 102 ( 65 - 135 ) 
2.4.Dinitrotoluene 15.396 0.500 0.4049 97 ( 65 - 135 ) 
2.6-Dinitrotoluene 16.569 0.500 0.4872 97 ( 65 - 135 ) 
2.Pi+4.6.Dinitroto 17.173 0.500 0.4776 96 ( 65 _ 135 ) 
4-AN-2.6-Dinitroto 17.&19 0.500 0.4560 91 ( 65 - 135 ) 
2.Nitrotoluene 18.676 0.500 0.5035 101 ( 65 - 135 ) 
4-Nitrotoluene 19.084 0.500 0.5520 110 t 65 - 135 ) 
3.Nitrotoluene 19.956 0.500 0.5233 105 ( 65 - 135 1 

QuaIlterra / w. Sacrament0 Analysis IDI IAGG-SV] 109 4H~O4AUG981450, 4 ---, 
Chromatography Summary Acquired: HPLC #4 4-AUG-1998 at 19:28 

___r__________---------------------------------------------------------------------- 
Sampler DCS2 28JUL98-13D 77OML/ZOML m1tr 20.00 Dilfr 1.00 Divr 770.0 
Nethod File: 8330-HY 75:25:0/2-22-50:00:50/2"- H20:2STHF/MeOH:Methanol (Analysis) 
Calibration: 03AIJG98 8330H 2.5-lOOOng/mL Phenomenex Hypersil C8 SN251486 
_______________--__-____________________--------------------------------------------- 

--. 

------------------------------------------------------------------------------------ 
Surrogate Results f4nount Anount 

Peak Name Biked found XRK -Limits- 
4 2.4-Dinitrofluorob 2.60 2.3997 92 ( 65 - 135 ) 

-____------------------------------------------------------------------------------- 
Notes: 

0330 

Q/WS SUM 3.29A 
Reviewer: ax Date: 

Printed: 08/05/98 



Analqsis Loq Copies 

.- 



Quanterra / W. Sacramento Analysis: HPLC #4 [AUG~!~VI 4PCO4AUG960649 -. 
CNRCMATGGRAPHYRUNLGG Page 1 of 1 

channs1 COlunvr Data&Or 
109 / Hypersil-C6 / W Method Pilax 633OJiY 

Calib Filer 03AUG96 
8330H 2.5-lOOOng/mL Phenomenex Hypersil CB SN252486 

halysis Info: 75:25:0/Z-22-50:00:50/Z" H20:2tTHF/MeOH:Methanol (CUI-Ve) 

# 
--. 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 

MULT DINS DATE SAMPLE NAME 
________________-__-_________r__________ 

PRIMER 
PRIMER 
water blank 
water blank 
E070899F 25/100ng/mL STD-I 
E070898C 2.5/5.0ng/ml STD-I 
E07069BD 5.0/25ng/mL STD-I 
E070998E 10/50ng/mI STD-I 
EO70998G 100/150 STD-I 
E070698H 500 ng/mL 6330 Mix SIB-1 
E0709991 1000 ng/mL 8330 Mix STD.1 
Water blank 

QESS Elog 2.0 

.---___--__---. 

1.00 / 1.000 
1.00 / 1.000 
1.00 / 1.000 
1.00 / 1.000 
1.00 / 1.000 
1.00 / 1.000 
1.00 / 1.000 
1.00 / 1.000 
1.00 / 1.000 
1.00 / 1.000 
1.00 / 1.000 
1.00 / 1.000 

-*- _______----_ ,+- 
4-AUG-1999 
4-AUG-1996 
4-AUG-1998 
4-AUG-1998 
4-AUG-1990 
4-AUG-199.9 
4-AUG-1999 
4-AUG-1990 
4-AUG-1998 
4-AUG-1999 
4-AUG-1990 
4-AUG-1999 

TIME LVL 
._----- +- 
09:05 1 
09:42 
10:16 
10:54 
11:30 
12:06 
12:43 
13:19 
13:55 
14:31 
15:08 1 
15:44 I 

--- 

3 
Tl 
1 
2 
5 
6 
7 

Analyst: Page: fi6 
04-AUG-1996 16:48:59 



_ Quanterra / W. Sacramento hdySiS: HPLC #4 [AUG-SV] 4H-04AUG981450 
CHRGNATGGRAPHY RUN LOG Page 1of 2 

Channel COlUmn Detector 
109 / Hypersil-CB / W Method File: 8330-Hy 

Calib Filer 03AUG98 
8330H 2.5-lOOOng/mL Phenomenex Hypersil CB SN251486 

tialysis xnfo: 75:25:O/2-22-50:OO:50/2m- HZO:ZZTHF/MeOH:Methanol (Analysis) 

# 
.--. 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
la 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

SAMPLE NAME .MULT DIVS 
-------------- ----------------------------------------+- 

E07089aF 25/100 a330MIX CV 
MB 2aJUL98-13D 770ML/ZOML 
DCSl 2aJUL9a-13D 770ML/20ML 
DCS2 2aJUL98-13D 770ML/ZOML 
300592-z 770ML/20ML 
300602-l 770ML/20ML 
300602-2 770ML/ZOML 
300602-Z-MS 770ML/ZOML 
300602-2-SD 770ML/ZOML 
300612-l 770ML/ZOML 
300551-11 770ML/ZOML 
E070898F 25/100 8330MIX CV 
MB 29JUL98-1lD 770ML/ZOML 
DCSl 29JUL9a-1lD 770ML/ZOML 
DCS2 29JUL9a-1lD 770ML/ZOML 
300575-l 770ML/20ML 
300575-2 770ML/ZOML 
MB 28JUL98-1lD 0.4G/8ML 
DCSl 28JUL?a-1lD 0.4G/aML 
DCSZ 28JUL9a-1lD 0.4G/aML 
132219-1 O.QG/aML 
132219-2 0.4G/aML 
E07089aF 25/100 a330MIX CV 
132219-3 0.4G/aML 
132219-4 0.4G/aML 
132219-5 0.4G/aML 
132219-6 0.4G/aML 
132219-7 0.4G/aML 
132219-7-MS 0.4G/aML 
132219-7-SD 0.4G/aML 
MB 2BJUL98-12D 0.4G/8ML 
LCS 28JUL96-12D 0.4G/EML 
300551-l 0.4G/BHL 
E07089aF 25/100 a330MIX CV 
300551-l-MS 0.4G/BML 

: 

i 
/ 

1.00 
2o;o 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
1.00 
20.0 
20.0 
20.0 
20.0 
20.0 
a.00 
a.00 
a.00 
8.00 
a.00 
1.00 
a.00 
a.00 
a.00 
a.00 
a.00 
a.00 
a.00 
a.00 
a.00 
a.00 
1.00 
a.00 

:’ 
/ 
: 
: 
: 

l.OOd 
770.0 
770.0 
770.0 
770.0 
770.0 
770.0 
770.0 
770.0 
770.0 
770.0 
1.000 
770.0 
770.0 
770.0 
770.0 
770.0 
0.400 
0.400 
0.400 
0.400 
0.400 
1.000 
0.400 
0.400 
0.400 
0.400 
0.400 
0.400 
0.400 
0.400 
0.400 
0.400 
1.000 
0.400 

DATE 
+- ‘+- 

/ 

4-AUG-1998 
4-AUG-1998 
4-AUG-1998 
4-AUG-1998 
4-AUG-1998 
4-AUG-1998 
4-AUG-1998 
4-AUG-1998 
4-AUG-1998 
4-AUG-199a 
4-AUG-199a 
5-AUG-1998 
5-AUG-199a 
5-AUG-1998 
S-AUG-1998 
5-AUG-1998 
5-AUG-1998 
5-AUG-199a 
5-AUG-199a 
5-AUG-1998 
S-AUG-1998 
5-AUG-1998 
5-AUG-199a 
5-AUG-199a 
5-AUG-1998 
5-AUG-1998 
5-AUG-1998 
5-AUG-1998 
5-AUG-199a 
5-AUG-1998 
5-AUG-199a 
5-AUG-1998 
5-AUG-1998 
5-AUG-1998 
S-AUG-1999 

+- ,+- ------------------_-____________________ +--------------- 

QESS Elog 2.0 

*** Printed before sequence complete *** 

TIME LVL 
- - - - - . 
16:47 
la:16 
18:52 
19:2a 
20:04 
20:41 
21:17 
21:53 
22:29 
23:06 
23~42 
00:1a 
00:54 
01:31 
02:07 
02:43 
03:19 
03:55 
04:32 
05:oa 
OS:44 
06:20 
06:57 
07:33 
oa:o9 
oa:45 
09:21 
09:5a 
10:34 
11:10 
11:46 
12:23 
12:59 
13:35 
14:ll 
_ - - _ - 

Date: ' - '-" Page: fi 
Printed: 05-AUG-1998 15:27:33 

__- 
3 
LA 
LA 
LA 
LA 
LA 
LA 
LA 
LA 
LA 
LA 
3 
LA 
LA 
LA 
LA 
LA 
LS 
LS 
LS 
LS 
LS 
3 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
3 
LS 
_-_ 



Sample Lktrafion /Preparahn Lot7 Copies 

-. 



QUANTERRA INCORPORATED 
- Vest Sacramento 

DUE DATE: ‘;f -N 

PROJECTANOMALaYRECORD 
ANDDATACHECKLJST 

PROJECT # %xLQ\2, TRSTDESC. go30 - 5=e@ks- k/L 

CALIBRATION 
~ICAL or ICAL summary & IcvKcv Iocloded. 
-ICAL. ICV/CCV criteria met. 
-Standards labeled or correctly identified by data 
system 
-Copy of logbook for ICAL included. 
-Tune criteria met and copy included (GCMS only). 
-Melhod number is identified on data. 
QAQC VERIFICATION 
-Method blank and DCSlLCS frequencies were met. 
-DCSILCS and MBcopies are included if applicable. 
-DCS/LCS and MBdata are withii control limits. 
-If the batch QC data did not meet criteria, 

- appropriate comments wem made. 
-MS/MSD data complete if applicable. 
-Holding times were met. 
-AU samples witbii tuoe time (GCMS only). 

SAMPLE ANALYSIS 
Jogbook copies for aU iojectiom made, including 
ICVKCV standards and ICAL. 
~~gbolu/prep bench sheeu are properly filled out. 
-Manual integtations are reviewed. 
-AU raw data is included. 
-All analytcs are reported correctly. 
-Correct reporting limits were used. 
-Spectra are present for all positive analytcs (GCMS only). 

Ll?dS 
-Results were entered into LIMS correctly. 
-The prepared and analytical dates are correct. 

Tbc correct MB/DCS/LCS data were entered. 
IThe correct footnotes were used. 
The dam sheets are complete and included 
-Method blaoks are included with correct prep 

and analyzed dates 
-Anomalies are written and entered. 

SIGNATURES BELOW ABOVE CRllERIA IUVE BEENMET. 

SEE ELECTRONIC ANOMALY: < 

NO ANOMkLLEs: 

COMMENTS: 

I 

l=l-8 I 



. . 

. 1 

Project t: 300612 Due Date: 06 AU0 98 

Analysis: P-8330~a-A v.r: 1 Receipt D.te: 25 JUL 98 

Client: q- Log Released: 27 JUL 98 

PA: DBROXB Turnarovd: RUBH 

Dcli"ery Accrpted: ItGARCIA 25 JUL 98 Btorase Locatlm: WC 

Ylmberaf snp1es: I Earliest Holding lime: 31 JUL 93 

Propran: Explosives 

Project Description: 

Aquecus for Ki30-Total. 

S-day TAT for 8330 Level 2 and lo-day TAT for level 3. 

Lou PDLs for the aquews seqle - J valuer 

1RP"S entry needed 

Full raw data package - blue sheet order 

Test Modified: w 

Salrple Instructions: U 

Test Instructions: )I 

Group Instructiow Y 

DAS t: 

Date Delivered to PA: 

camlent*: 

- No Problems Occurred with Analysis 

_ See Anomaly She.,* 



.- 

Project II: 300612 Te*t: P-8330-COE-A 

OOOlsA - Z-Ion 

/- 



. . 
. . 

WANTERRA-CALLAS LASCWTDRY 
Analytical Smch Sheet 

ProJct Nut.er: 300612 D.te: 27 WL 911 PWC 1 of 1 

TestCodc:P-S330-as-A Test Dcrcriptia: Prep - Exp1osiv.s by HPLC 

Turruromd St.tus: R"S" Suple Matrix: AWECUS Date Assi~md: Prep Caplctirn Due: 

SW-SectionlPage (Revision): 

ExtractimS: 1 I Sepmatow F-1 tl Cmtinuow Liquidlli~id t I Smiccltim. 1 I Soxhlet Cl YD 

[ I Rot0 VAT C I Shaker I I Other 

ProJect Due: 06 AUG 98 DCE Uith ProJcct: DCS Code: 

LCS Yith ProJect: LCS code: 

Method Blank With Project: Extraction Includes Project(s): 

Notes/Ccmentr: 
l * PLEASE PUT CCWEWTS ON ANCfULY SHEET l * HSDC with ProJect: nsac cod+: 



. . 

project I: 300612 1-t: P-MO-W-A 

Pdity Arsurmce/Duallty Control: 

sqvrple 10: Spiking Standard Y-: 

Spike Code ID: v01une: COllC 

SpI ked By: uitms: 

SawpIe ID: Splking Standard Yaw: 

Spike Code ID: VOlM: COll.2: 

Spiked By: witness: 

Smpk ID: Spiking Standard YLIIL: 

Spike Code ID: v01ulE: cmc: 

Spiked By: Witness: 

San@e ID: Spiking Standard Wane: 

Spike Code ID: volune: COIC 

Spiked By: Yitness: 

Solvent: Manufacturer &xi Lot N&r: 

Extracting Solvent: 

Solvent Keeper: 

Transfer Solvent: 

Derivatizing RcaSent: 

Final SoLvent: 

Uas an aliquot taken? I I N 

If yes, hou nuch ue.s aliquoted? * 

Yhat was the s~plc cwentration before aliquot? 

yhy was the aliquot tatm? 

F/ -235 



WANTERRA-CALLAB LABDRATORY 

Instwctim Sheet 

Project I: 300612 Tut: P-8330-W-A 

Test Instructims: 

NOW. 



WANTERRA-CALLAB LRSDlUlCW 

Allcm1y Report Form 

Pro,ct 1: SwblZ Test: P-mo-COE-A 

smple(r) Affected: 

_ Limited saple volme. 

_ l!ntrix required . sl&.l6@ to facilitate extraction. 

_ pil of sa!wle required excess acid/base (please circle). 

_ Solvent and raple were nlscible. 

_ Emulsion problem. 

_ EmAnion problem required centrifuging. 

- Sample lost during preparation. 

Re-extraction performed? les/Mo 

_ Concentratim volme went lower than spcified In the 

SOP. 

_ Concentration time looper than normal. 

_ Extraction solvent saturated with organic material, 

therefore senple voltme was rat concentrated but 

edjusted based m the screening. 

- FinaL concentration greater than specified in the sop 

due to the screening results. 

_ Precipitate observed in the extract. 

_ Other, please cOrnRent below. 

Caenents: 

Subnitted By: oat=:- 

P-z?7 



WANTERRA-CALLAS LABORATORY 

Prep (Extraction) Check List 

ProJect x: 300612 Y"t: P-SSSO-W-A 

chenlist: Date: 

Nulbw Of sap1es: 1 NubI- of l XtraCt*: - 

Eenchsheet: Initiated Reviewed 

sop section and page tnntmr filled cut properly. Y- "- Y- "- 
Each step of extraction procedure initialled and dated. Y- II- Y- U- 

~~xnalies 0~ deviations fm SOP docuwnted. 

pH adjustments noted. 

SOLvent IMnufaCtUrer and lot ruber snpleted. 

Vclunes and weights of oarpIes to tw sig. figs. 

ocsms form filled out properly. 

Spike information correct ~1 bench sheet. 

Spike witness? 

If not spiked per SOP, were spike amcats verifies) 

Extraction date (complete date) correct. 

ac lot ntir prerent md Correct. 

PC Run nutlxr present ml-d correct. 

Prep released <date extract goes to Inst.,. 

Extracts: 
Nwber of extracts agree with benchsheet. 

Consentrations of extract agree with benchsheet. 

Testtube rack labelled with project id and test. 

y- “- y- “- 
Y- “- Y- “- 
y- “- y- “- 
y- “- y- “- 

Initiated Reviewed 

Y- "- Y- "- 

y- "- y- "- 

y- "- y- "- 

y- "- y- "- 

Jnitiated Review4 

y- "- y- "- 

y- "- y- "- 

ye "- y- "- 

Y- "- Y- "- 

Initiated Reviewed 

y- "- y- "- 

y- "- y- "- 

y- "- y- "- 

ccmfents: 



. . 

PUMTERRA-CALLAH IABDRATCW 

Client Dersriptims 

Project X: 300612 Tat: P-833D-WE-A 

_- 



QUANTERRA / W. SACRAMENTO 

PROJECT QC LIMITS Project: CALLAB- 
Matrix: AQUEOUS 

Te;krssyz;: 8330-IRPMS-lC-A 
3 

The S.M. Stoller Corporation QC Category: 8330-COE-A 

,.__.._______..___.......-...-..--....-....---.-.-.---------..-..---..----------..-.-------.-...-.--..---.--.-----.---..-.--.-.-..-.-.--.---...-.--..---.-.. 
'SY WA RL SU~~OWt~/SCf Lab Control (LCS, Lab Control (DCS) Nstrlx Spike 

Nodif led Date: 25 JUL 98 24 DC, s-3 24 033 95 24 DC1 95 20 OCT 94 

c-t CASN WI1 WL LCL "CL W/L LCL UCL W/L LCL UC1 RW W/L LCL UCL RPD 
~___.______.___._.--_----.-.----.-.-----..-------------.---------------------------.--.---.--.--.----.-----..----------.-------..---------.-.--------------- 

2,4-oinitroflmrcbmrm 

N+lX 

1,3,5-rrinitrobanzc 
ROX 

1.5DfnitroknrMe 

NltrobntZeM 
2,4,6-TrlnitrotohMe 

Tetryl 

2,4-Dinitrotolum 

2,6-Dinltrotol"eN 

2-@n-DNT 

4-Am-DNT 

2-Nitmtolume 

4-NitrotolUMe 

S-Nitrotolume 

70348 
2691410 

99354 

121824 

9%50 

98953 
11.3%7 

479450 

121142 

606202 

355mS2 

1946510 

MRZ 
9s990 
99061 

l 100 65 135 100 65 135 loo 65 135 
50 65 135 M 65 13s 

50 65 135 50 65 135 

5 50 65 135 50 65 135 

5.0 50 65 135 50 65 135 

5.0 SO 65 135 50 65 135 

5.0 50 65 135 50 65 135 

5.0 50 65 135 50 65 135 

5.0 50 65 135 50 65 135 

5.0 50 65 135 50 65 135 

5.0 50 65 135 50 65 135 
5.00 50 65 135 50 65 135 

10.0 50 65 135 50 65 135 
8.5 50 65 135 50 65 135 

7.9 50 65 135 50 65 135 

35 

35 

35 

35 

35 

3s 

35 

35 

35 

35 

35 

35 

35 

35 

35 

50 65 
50 65 

50 65 

50 65 
50 6s 

50 65 

50 65 

50 65 

50 65 

50 65 

50 65 

50 2 
50 

50 65 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

35 
35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 



COIIPLEYED BY: 

DEWEUED BY : 

APPROVED BY : 

II DAlEr 

I ONE: 

DAlE t 

1 
.-.. SK: ‘1.R FOIIYIFICAIIOS - SIANDARD DAIA 

CA1 lD/SAWlE DNA WE. ccnmJllDls~ AllWDl SlD. CWC. SD. NO. 

‘; 1011EFI S-26+% 
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