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DEPARTMENT OF THE NAVY

CRANE DIVISION
NAVAL SURFACE WARFARE CENTER

300 HIGHWAY 361
CRANE, INDIANA 47522-5000 IN REPLY AEFER TO:
5090
Ser 095/1161
2% MAY 200}

U.S. Environmental Protection Agency, Region V
Waste, Pesticides, & Toxics Division

Waste Management Branch

Illinois, Indiana, and Michigan Section

ATTN: Mr. Peter Ramanauskas (DW-8J)

77 West Jacksocon Blvd.

Chicago, IL 60604

Dear Mr. Ramanauskas:

Crane Division, Naval Surface Warfare Center (NSWC Crane) submits
change pages for the Final Dye Analytical Method Development
Report as enclosure (1). This analytical method development is
to support the investigative work at Solid Waste Management Unit
(SWMU) 02/11, the Dye Burial Grounds. Enclosure (1) contains two
copies of the changes to Volume I and one copy of Volumes II
through XI. The permit required Certification Statement is
provided as encliosure {2).

NAVSURFWARCENDIV Crane point of contact is Mr. Thomas J. Brent,
Cede 09510, telephone 812-854-6160.

Sincerely,

. fluwani L

ames M. Hunsicker

Director, Environmental
Protection Department

By direction of the Commander

Encl:
(1) Final Dye Analytical Method Development Report
(2) Certification Statement

Copy to:

ADMINISTRATIVE RECORD (Volume I only)
SCUTHNAVFACENGCOM (Code 1864) (w/o encl)
IDEM (Doug Griffin) (Volume I only}
TTNUS {(Ralph Basinski) (w/¢ encl)



DIRECTIONS FOR REPLACEMENT OF CHANGE PAGES FOR VOLUME | OF XI

Instructions for changes to the Dye Analytical Method Development Report RCRA Fagility investigation at
Dye Burial Grounds (Solid Waste Management Unit 2)

Volume | of Xl

» Replace the existing Cover and Spine dated October 2000 with the enclosed Cover and Spine dated
May 2001

» Replace the existing title page dated October 2000 with the enclosed title page dated May 2001.

+ Replace Section 10, Attachment X — Reporting Limits and Tables X-1, X-2, X-3, and X-4 with the
enclosed Attachment X — Reporting Limits (one page).

» Replace Section 12, SOP CR4052-PD-014 with the enclosed SOP CR4052-PD-2500, Revision 1.
Volume Il of XI

* Replace Cover dated October 2000 with Cover dated May 2001.
Volume Il of Xi

* Replace Cover dated October 2000 with Cover dated May 2001,
Volume [V of XI

* Replace Cover dated October 2000 with Cover dated May 2001.
Volume V of XI

* Heplace Cover dated October 2000 with Cover dated May 2001.
Volume VI of XI

* Replace Cover dated October 2000 with Cover dated May 2001.
Volume VI of XI

* Replace Cover dated October 2000 with Cover dated May 2001.
Volume Vit of XI

* Replace Cover dated October 2000 with Cover dated May 2001.
Volume IX of XI

* Replace Cover dated October 2000 with Cover dated May 2001.
Volume X of XI

* Replace Cover dated October 2000 with Cover dated May 2001.
Volume Xl of XI

* Repiace Cover dated October 2000 with Cover dated May 2001.
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The letter Ser 095/1161 was for the
submittal of replacement pages for the
Draft Dye Burial Grounds Dye Analytical
Method Development Report. The Final Dye
Burial Grounds Dye Analytical Method
Development Report Volume I of XI can be
found in its entirety under this item dated
05/22/01.
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+7w~ DYE ANALYTICAL METHOD DEVELOPMENT
SWMU 2 - DYE BURIAL GROUNDS
NSWC CRANE, INDIANA

The overall objective of this analytical method development effort was to develop methodologies capable
of extracting and- analyzing a variety of dyes from soil, ground water, surface water, and sediment
samples. The methodologies had to produce data of sufficient quality to support a Resource
Conservation and ‘Recovery Act (RCRA) Facility Investigation (RF1) Risk Assessment and Corrective
Measures Study. Currently, there are no U.S. EPA-approved analytical methods that address the variety
of dyes that could potentially be present at SWMU 2. Because the NSWC Crane Laboratory was
previously involved in the dye analysis of the aqueous material for SWMU 2, they continued development
of an analytical method for dyes that could be potentially present at the SWMU. The analytical method
developed by the daboratory followed the SW-846 Guidance for Method Development and Method
Validation for the RCRA Program. This guidance document is provided in Attachment XIV. Also, as
shown in the meeting minutes in Attachment X1V, this guidance was approved by U.S. EPA Region 5.

The specific objectives of this project were to:

1. Develop extraction methods capable of recovering dyes from solid and aqueous matrices, and

2. Develop an analytical method capable of separating, identifying, confirming, and quantifying dyes
that could potentially be present at SWMU 2 as a result of site operations, and

3. Develop extraction and analytical methods that would meet the requirements for approval by U.S.
EPA Region 5.

As demonstrated by the attached documentation and supporting raw data, these objectives have been
met.

SITE HISTORY

In the operational history of the Dye Burial Grounds (DBG) (SWMU 2) it is estimated that 50,000 tons of
dyes and dye-contaminated materials were deposited in open trenches between 1952 and 1964.
Materials reportedly included magnesium, boxes, and rags contaminated with dyes, and about 60 open
drums of dyes. There is no record of the specific dyes that were buried in these trenches, although dye
characteristics are known to range from water soluble acidic and basic compounds to relatively water
insoluble non-polar-compounds. The trenches reportedly were back filled to the ground surface with soil
in 1972 but were not permanently capped. An interim measures cap was designed based on this
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information and construction began in 1996. An additional field investigation was conducted in 1996 by
Naval Surface Warfare Center — Environmental Protection Department (NSWC-EPD) and U.S. EPA.
Several other areas and trenches of dye contamination were found during this field investigation. These
areas were deeper and had a greater width than the original trenches. The interim measures cap was
expanded to cover these new areas, thereby delaying the construction of the cap. Those areas were
excavated until no dyes were visually observed in the soil. After completion of the excavations, the
instafiation of the muiti-layered cap system was completed. Because some of the work during the cap
installation was conducted in the winter months, precipitation accumulated in the trench areas. This
material was placed in frac tanks. The aqueous waste was qualitatively analyzed for dyes. These
analyses were performed by the NSWC Crane Lab with oversight from U.S. EPA Region 5. This is the
only dye analysis performed at SWMU 2 to date.

One objective of the field programs is to determine whether dye material was excavated based on visual
observation. Additionally, the potential for migration of dyes from soil to ground water is to be evaluated
by sampling ground water. To meet these objectives a quantitative analytical method for dyes is

necessary.

METHOD DEVELOPMENT HISTORY

Originally, two analytical methodologies were proposed. Thin-layer chromatography (TLC) was proposed
for performing screening (qualitative) analyses of soil and sediment samples and high performance liquid
chromatography (HPLC) was proposed for identification and quantitation of dyes in aqueous and solid
matrices. Both TLC and HPLC were used in the original frac aqueous dye analyses performed by the
Crane Lab. Under the original proposals the aqueous method would be used as the basis for developing

the new analytical methods.

Original Analyses

In the initial analyses aqueous dye samples were evaporated to dryness using a nitrogen blow down at
room temperature. Fourier Transform Infrared Spectroscopy (FT/IR) analysis of the residues after
evaporation indicated that suffur-containing compounds were the major components present. The
residues were extracted with ethanol to remove colored components from the sulfurous materials. The
extracted solutions were evaporated with nitrogen to dryness and extracted with methanol for
chromatographic evaluation. The methanol extract was then subjected to TLC and HPLC analyses.
Disadium Fluorescein and an Acid Blue mixture were identified as contaminants present in the frac tank

water during this process,
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TLC Screening Procedure

Analysis of dyes dissolved in methano! by TLC proved 10 be very successiul. Good separation was
achieved for the majority of dyes using two mobile phases for water-soluble and organic-soluble dyes.
However, the use of TLC as a screening method for soil samples was abandoned due to difficuities with
the extraction procedure. The key difficulty was exchanging the tetrabutylammonium (TBA) hydroxide
extraction solvent into the methanol analytical solvent. The decision to abandon TLC as a screening
method was based on the time reguired per sample extraction and the unacceptably low dye recoveries.
The TLC extraction method was slower than the HPLC extraction method, and the recoveries for the TLC
were substantially lower than those obtained for the HPLC. Therefore, the TLC method could not provide
quick turnaround or a reasonable indication of the presence/absence of dye compounds in the soils.

Extraction of Solid Samples for HPLC Analysis

The laboratory used a variety of solvents with both sonication and soxhlet technigues for this evaluation.
Based on recommendations from Dr. Baughman (U.S.EPA, Athens Laboratory, retired) a sonication
technique using TBA hydroxide (in methanol), organic-free water, and methanol proved to be the most
effective extraction approach. After extraction, the samples are filtered through a 0.45 micron nylon filter
and analyzed.

Extraction of Aqueous Samples for HPLC Analysis

The laboratory developed two agueous analysis methods — high-level direct injection HPLC, and low-
level extraction followed by HPLC analysis. The high-level method was eliminated for further
consideration when the method validation proved that most dye compounds could not be recovered by
this method. The poor recoveries were most likely due to the low solubilities of the dyes in water.

Based on recommendations from Dr. Baughman (U.S.EPA, Athens Laboratory, retired) the following low-
level procedure was developed. One liter of sample is modified by adding 5-mL of TBA hydroxide (in
methanol). The water is then poured through a C18 solid phase extraction (SPE) disk. The dyes are then
recovered from the SPE disk by extraction with methanol.

HPLC Analysis

Two HPLC methods were developed using a photodiode array detector (PDA). The first method, short
gradient method, uses an approximately 35 minute run time. The second method is a long gradient
method, which runs approximately 70 minutes.
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For soils, analyte recoveries from the samples are acceptable with the short gradient method. Therefore,
soils and sediments only must be analyzed by that method unless chromatographic coelution occurs. I
coelution occurs, the long gradient method will be used. For aqueous samples, the short gradient method
will be used to identify the presence of dyes. However, analyte recoveries from aqueous samples are

better using the long gradient method, so aqueous samples will be quantitated using that method.

PRESENTATION OF DATA

The information gathered from the method development is presented in eleven three-ring binders.
Volume | (this volume) contains the summary tables and explanatory text. Volumes Il through Xl contain
the supportive raw data. To facilitate review of the method development information, an activities
requirement checklist was developed. This checklist is presented as Table 1. There are four columns on
this checklist. The first column identifies the actual activity that corresponds with requirements in the
RCRA method development guidance. The second column is titled "Attachment.” This identifies the
number of the attachment where summaries of supporting information may be found for the activity. The
third column identifies the volume {i.e., the binder) in which the information is located. it should be noted
that all the attachments are located in Volume I. The remaining ten volumes provide details (e.q.,
analytical raw data, spectra, logbook notes, etc.) to support the summary information. The volume in
which the applicable detail-specific information is present is listed in column 3. The fourth column
presents the actual action items associated with the activity. This entails a brief summary of the work

performed for the activity.
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TABLE 1

ACTIVITY REQUIRMENTS CHECKLIST FOR SWMU 2 - DYE BURIAL GROUND

Activity Attachment | Volume Action ltems
Literature Search | l Conduct literature research on potential anatytical methods aiready
developed (e.g., SW-846 Method 8321A). Read articles to assist in
identifying viable extraction procedures, analytical system requirements,
interferences, and corrective actions.
Identify dyes Il | Accurately identify dyes. Group all dyes that could be present at the site
according to similar chemical structures.
Obtain ]! I Request dye standards and chromatograms from manufactures. Talk to
Standards chemists regarding their experience with dye analyses. Contact
companies such as: Aldrich, Aakash Chemicals and Dyestuffs,
Crompton and Knowles, Sandoz Chemicals
Calibration Study v I, 1il, and | - Determine high and low end of calibration range
Retention Times v - Determine linear portion of calibration curve
- Establish reporting fimit
- Establish spiking level
- Identify and resolve co-elution problems
- ldentify and resolve chemical interference problems
[NOTE: Initial calibration linearity (%RSD and correlation coefficient) are
to be determined using procedures outlined in SW-846 Method 8000.]
Extraction v | Analyze seven replicate per matrix at two concentrations for each
Procedures extraction method to be tested.
Cptimize Method vi | The following QC items are included in these runs:
- Surrogates (benzanthrone and anthracene)
-[ - Method Blanks
Validate Vil V, VI, Vi, | Initial determination of method accuracy and bias will be done in a
Analytical VI, X, X | spiked clean site-specific matrix.
Method
Imterference Vil I Method interferences will be determined in a spiked clean matrix. Both
Effects positive and negative interferences will be documented and addressed.
Analyze Site- X | Analyze site—specifc samples to evaluate presence of dyes in the
specific Soil and environment.
Groundwater
Samples
Method X | Matrix effects may affect the achievable gquantitation limits on site-
Detection Limits specific samples. Therefore, method detection limits (MDLs) and
and Reliable reliable quantitation limits (RQLs) based on the site-specific samples will
Quantification be determined. Both MDLs and RQLs will be tabulated and presented
Limits as part of the method.
False Positive Xl I A candidate screening method should produce no more than 10% false
and Negatives positives and should not produce false negatives.
Prepare SOP XN I Prepare SOP.
Sample Xl | Present example solid and aqueous sample calculations from the
Calculations beginning to end of the analytical process.
Meeting Notes XV | Guidance Documenis and Meeting Notes
Support Xv iI'thry XI' | Raw Data — Calibration, Blanks, and Samples Chromatograms and
Documentation Spectra
100007/P 5 CTO 0010




ATTACHMENT |

LITERATURE SEARCH



ATTACHMENT | - LITERATURE SEARCH

A literature search:was conducted by both the Crane Laboratory and Tetra Tech NUS, inc. The Crane
Laboratory focused: on researching extraction and analytical methodologies through reference books,
scientific journals, and professional contacts. TtNUS conducted an Internet search focusing on toxicity
information for dye. compounds. TINUS and the Crane Laboratory exchanged information regarding likely

sources of information, where appropriate.

The references presented here are those which were used as the basis for developing the final extraction
and analytical procedure. The list does not include sources which were consulted but not used for the

final method development.
Professional contacts with EPA, Ecological and Toxicological Association of Dyes and Organic Pigment

Manufactures (ETAD), and various universities proved to be the richest source of information regarding

dye analyses, extraction methods, and sources of dye standards.
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16.
17.
18.

Randerath, Kurt.Thin-Layer Chromatography.Academic Press, New York, 1964.

K. Venkataraman (ed.); The Chemistry of Synthetic Dyes, Vol. lll. Academic Press, New
York, 1970.

Amold J. Gordon and Richard A. Ford, The Chemist's Companion. John Wiley & Sons, New
York, 1972.

Gunter Zweig and Joseph Sherman, (eds.). Handbook of Chromatography, Vol.l. CRC Press,
Cleveland, 1972.

K. Venkataraman, (ed.}: The Analytical Chemistry of Synthetic Dyes. John Wiley & Sons,
New York, 1977.

Or. Robert E. Keyes Chemist, Abbott Laboratories, in communication.
-Organic synthesis and screening with TLC

Heinrich Zollinger. Color Chemistry, 2™ Ed. Weinheim, New York, 1991.

Arthur W. Garrison; George L. Baughman; Eric J. Weber; Rebecca L. Adams; Mary Sue
Brewer. Fate of Colored Smoke Dyes. 1992,

Wegener, JW., J.C. Klamer, H. Govers, and U.A. Th. Brinkman (1987) Determination of
Organic Colorants in Cosmetic Products by High Performance Liquid Chromatography.

Chromatographia, 24: 865-875.Garrison, AW., G.L. Baughman, E.J. Weber, R.L. Adams,
and M.S. Brewer {1992) Fate of Colored Smoke Dyes. Army Project Order 88PP8863.

Alcantara-Licudine, J.P., M.K. Kawate, and Q.X. Li (1997) Method for the Analysis of
Phloxine B, Uranine, and Related Xanthene Dyes in Soil Using Supercritical Fluid Extraction
and High Performance Liquid Chromatography. Journal of Agricultural Food Chemistry, 45:
766-773.

Gagliardi, L., G, Cavazzutti, A. Amato, A. Basili, and D. Tonelli (1987) Identification of
Cosmetic Dyes by lon Pair Reversed Phase High Performance Liquid C hromatography.
Journal of Chromatography, 384: 345-352.

Eakes, W., J. Heath, M. Cavit, K. Rimm, W. Powers, C. Conneily, J. Anderson, M. Johnson
(1983) Initial Assessment Study of Naval Weapons Support Center Crane, Indiana. NEESA
13-003.

U.S. Environmental Protection Agency, Method SW-846-8330.

U.S. Environmental Protection Agency, Method SW-846-8000.

U.S. Environmental Protection Agency, Method SW-846-3500.

U.S. Environmental Protection Agency, Method SW-848-3550.

Dr. George Baughman, University of Georgia, in communication.

-Published multiple articles on dyes in the environment {(U.S. EPA Research Laboratory
Athens, retirad)




SUMMARY OF AVAILABLE TOXICITY INFORMATION

SWMU 2- DYE BURIAL GROUND
NSWC CRANE, INDIANA

Sources of Information
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slelg| 2 13I8k (8] & 12(8
| Dye Name 21218 3] wlolw|g[c | i Tlo
Water Soluble Dyes
Acid Blue 1 X | X X[ X G3 | X | BPe830000 | X | X
Acid Biue 9 X| G3 BQ4725000
Acid Biue 45
Acid Red 64
Acid Yellow 3 X GC5796000
Acid Yellow 23 X XX UG6400000 X
Acid Yellow 73 X | X X LM5425000 X
Acid Orange 10 X | X X G3 | X ] QJe5M000 | X | X
Basic Violet 10 X P-685 X| X|X] G3 | X | BP3675000 | X { X
Basic Yellow 2 X | X X X| X{X]|G2B BY3675000 | X | X
Organic Soluble Dyes
1-Amincanthraquinone X CB5075000
2-Amincanthraquinone X | X P-65/CRICAR| X | X[ X [X] G3 | X | CB5120000 | X | X
Disperse Blue 14 X
Disperse Red 9 X X
Disperse Violet t X CB6300000 X
Pigment Red 1 X QL4510000
Smoke Dye CB6600000
Solvent Green 3 X CB5775000
Solvent Orange 3
Solvent Orange 7 X] X G3 | X | QLS850000 | X | X
Solvent Red 1 X X1 X
Solvent Red 24 X1X] G3 | X § QLS775000 X
Solvent Yellow 2 X | X | X |P-65/CRICAR| X X | X G2B| X | BX7350000 | X | X
Solvent Yellow 3 X | X P-85/CRICAR X{ X G2B| X | XUBSDQ0RD | X | X
Solvent Yellow 14 X | X] X P-65 X[ X G3 | X | QLASOOO0D0D | X | X
Solvent Yellow 33 X | X X GE5925000 X
*NTP C&S & PUB hitp:/ntp-gerver.nighs. nih.gov/
*OSHA http:/fwww.osha.gov/
CAL-EPA CRIC http:/fwww.oehha. org/docs/covitrb.him

P-65 hitp://www.oehha.org/prop65/

EPA FACT http:/Awww. mail.odsnet. com/TRIFacts/ - TOXIB45
SCORECARD hitp://scorecard.org/ - TOXIB47
*ECDIN hitp://www.ecdin.etomep.net/
JAPAN hitp:/fwww.citi.or.jp/
IRAC hitp://193.51.164.11/ - TOX!B53
*TTN-WEB hitp://www.epa.gov/ttry

*HSDE & CCRIS
"Chemfinder

*NIST Chembook
“SW-B46 On-line
“SW-B46 Update 4A

Internet Grateful Med

http://toxnet.nim.nih.gov/ - TOXIB58

http:/fwww.chemfinder.com

hitp:/fwebbook.nist.gov/ichemigtry/

http:/fwww.epa.gov/epaoswer/hazwaste/test/main.htm

http://www.epa.gov/epaoswer/hazwaste/test/up4a.htrn

http://130.14.32.45/¢cqi-bin/

* Sites which contain physical/chemical/analytical information




QOther Professional Contacts:
Pfaltz & Bauer
Aldrich

Aakash Chemicals and Dyestuffs
Sandoz Chemicals

Source: DyeStar
o Dr. Fred Perry Tel: 704-561-3013

Source; University of Leeds

e Dr. Kelvin Tapley, Dept. of Colour Chemistry, University of Leeds, Leeds LS2 9JT, England;
Tel: 0113-2336732; Fax: 0113-2332947; e-mail K.Tapley @leeds.ac.uk

Source: Crompton and Knowles

« Technical Help 704-372-5890
= Barry Debinsky 610-582-6634

Source: ETAD

e Lynne Jones; Tel: 202-721-4157; e-mail Lynne.Jones @socma.com
* Have not yet received bibliography

Source: Hewlett Packard
e Cindy Richman e-mail cindy richman@hp.com
Source: Microtrace, Inc.

¢ Bill Kerns, 3100 84" Lane N.E., Suite A; Minneapolis, MN 55449-7216; tel: 612-784-9725;
Fax: 612-784-3787

Source: 3M

Richard Livesay; Tel: 651-429-8235; Fax: 651-407-0102




Poehlein Sara K CNIN

Erom: Keyes,Robert [robert.keyes@abbott.com]

nt: Thursday, August 05, 1999 3:02 PM
To: poehlein_sara@crane.navy.mil
Subject: Re: tic :
Sara, : | \

| am giad to hear you like your job. | might be abl8 to help. | will at

least offer some suggestions. First the TLC plates wg'used are coated with
Silica Gel 80. The thickness ised is 250 micrometers. . THey have a
fluorescent indicator in the SiO2. With dyes you probably do not need any
kind of staining agent since they usually have a strong chromophore so a UV
lamp should do. If you do need to stain the plate a general stain which is
commonly used is phosphomolybdic acid. It is prepared by dissolving 10% by
wi. of phosphomolybdic acid (Aldrich) in 95%EtOH. i you are doing column
chromatography use 230 - 400 mesh Si0O2. This does not have a flucrescent
indicator in it, but that does not matter because the fractions collected

will be checked in the manner descriged for TLC above. A good place to start
looking for an eluting solvent is with 50% hexanes / 50% ethyl acetate. If

you are analyzing dyes you mayneed something more polar such as MeOH / CH2CI2
mixtures or you might have to go to a reverse phase system, but thatis a
whole other story. If you can find a book by K.G. Krebs, D. Heusser, and H.
Wimmer you will be able to find all the staining agents for all types of
molecules. If you have any other questions give me a call. | may be able to
better explain it over the phone. Tell Ben | said hello. | will talk to you

later.

Rob
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Poehlein Sara K CNIN

From; Keyes,Robert [robert.keyes@abbott.com) Dr. Rk iiu‘;m .

nt: Tuesday, August 10, 1999 12:44 PM . QL e da ’ i 4
100 poehlein_sara@crane.navy.mil "AQ’ ’B -
Subject: Re: TLC Al ot ja.Qr@’LaLQL&
Sara,

Why don't you give me a call at work. | think | could be of more help that
way. The number is 847-935-2675.

Rob
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From: ENCANNS
rom: Keyes,Robert [roben.keyes@abbott.com] /

Sent: Tuesday, August 10, 1999 12:44 PM

Jo: poehlefn_sara@crane.navy.mil

Subject: Re: TLC

Sara,

Why don't you give me a call at work. 1 think | could be of more help that
way. The number is 847-935-2675.

Rob
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Poehiein Sara K CNIN

From: Calyx11219@aol.com

nt: Friday, August 13, 1998 10:18 AM
.0: poehlein_sara@crane.navy.mil
Subject: Re: help

Hi Saral Actually ! don't know much about separatiing or analyzing dyes.
The thing you have going for you in most cases is that they have a lot of
aromaticity and will stick like crazy to reversed phase columns. The other
thing is that they will show up well in a diode array detector. You can
even get absorbance scans directly from the LC that willl be useful.

Finally, they should fly well in LC/MS. Taken together, diode array LC and
LC/MS should take you a long way to identifying this substances.

Incidently, because they are water soluble now they have either oxidized to a
charged species or had a charge in the first place.  This will alllow you

to purify them readily by playing with the pH during RPC. | would even
guess that they are negatively charged. There are so manl% silicates in the
sail that positively charged species would be strongly adsorbed to the soil
and not be very soluble.

Good luck.
FRED

1)( T 2{_)( \,MIE-L

'PLLA(LU\# kJ\M.usf {b:ﬁ-{

Cliromedis CW,
DTMLLQAJ"

)
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Poehlein Sara K CNIN

From: Jonathan A. Karty [jkarty@indiana.edu) Jenedbo. \:‘V‘:t"}

Sent: Tuesday, August 10, 1999 4:33 PM A _ &obe L.
To: Poehlein Sara K CNIN e ' Sm‘&@&‘ > \(;Qk'k
Subject: RE: NMR

Qoo £ Q'qu-:-.*.f;g G

could you send jackie home with the FTIR's. | would like to look at them N RV 2V &L.BU
and see if | can come up with anything. (just to reuse some old skills)

jk

Jon Karty
Grad Student, Dept. of Chemistry Indiana U.

For with much wisdom comes much sorrow;
the more knowiedge, the more grief.
Ecclesiastes 1:18.

jkarty@juliet.ucs.indiana.edu http://ezinfo.ucs.indiana.edu/~jkarty

> ~---Original Message-----

> From; Poehlein Sara K CNIN [mailto:poehlein_sara@crane.navy.mil]
> Sent: Tuesday, August 10, 1999 3.08 PM

> To: Jonathan A. Karty'

> Subject: RE: NMR

>

>

> Jon,

>

> As of now | don't think we need to do ESI but | may if | can't get enough
> information frorm the {R and NMR spectra. If you see Steve Kahn
> please tell

> him hello for me.

>

> Sara

>

>

> » —Qriginal Message--—

> > From: Jonathan A. Karty [SMTP:jkarty@indiana.edu]
>>Sent: Tuesday, August 10, 1998 2:30 PM

> > To: Poehlein Sara K CNIN

> > Subject: RE: NMR

> >

>> II:Jhalve them here in a manlia folder, will give them to Jackie tonight.
> > Did

> > you want to discuss possibilities of running ES| mass spectra on those
> > sampies as well?

> >

> > Nice to hear from you again.

- >

>>ijk

2>

> > -

> > Jon Karty

> > Grad Student, Dept. of Chemistry Indiana U.

> >

> > For with much wisdom comes much sorrow;

> » the more knowledge, the more grief.

> > Ecclesiastes 1:18.

> >

> > jkarty@juiiet.ucs.indiana.edu

> > hitp://ezinfo.ucs.indiana.edu/~jkarty

>

>




> > » -—-Qriginal Message----- _
> > > From: Poehlein Sara K CNIN [maiito:poehlein_sara@crane.navy.mii]
> > > Sent: Tuesday, August 10, 1999 2:25 PM
> > > To: jkarty@indiana.edu’
~ > > Subject: NMR
> >
E R
>>>  Jon,
> >
> > > Jackie wanted me to remind you to print off those NMR spectra of her
> > dyes.
> > >y| will need them by thursday.
>3
> > > Thanks,
> >> Sara
>>>
Y



Dear Sara and Forrest,

This letter should explain the instrument conditions used to generate the NMR spectra
and ESI mass spectra [ have provided. NMR spectra were taken on a Varian 400 MHz FT NMR
spectrometer in 99.9% by atom DMSO-ds. Prior to being filled with sample, NMR tubes were
washed out with normal acetone, the peak at or about 2.1 ppm is most likely do to residual
acetone. DMSO is hygroscopic, so a significant water peak (at or about 3.2 ppm) is present. All
instrumental parameters are printed on the first spectrum in each series. Samples 4 and 5 (FEAA
and M1187) could not be analyzed due to the high viscosity of their solutions. All solutions were
approximately 20 g/L. Samples were stored for 4 days in a dessicator while additional dye was
obtained. This storage time may have contributed to the size of the water peak in the NMR
spectra.

Additional NMR spectra ("°C, 'H, COSY, etc.) can be run. Dr. Ulli Werner-Zwanziger
(manager of the NMR facility) suggests a less viscous solvent such as acetone or acetonitrile.
Either of these can be purchased from the NMR facmty or Aldrich. Jackle and i are willing to pay
for the 'H spectra that have already been taken. '*C and additional ‘H spectra probably need to
be paid for by Crane. 400 MHz NMR time runs about $4.48/hr in blocks less than 6 hr, and
$2.48/hr for longer blocks. NMR sample tubes are $6.11 each from the stock room (an account
would need to be created with our stock room or another method of payment (seessalew) may
need to be found). Dr. Werner-Zwanziger is very willing to help interpret the spectra if need be.
She can also show someone how to use GNMR, a program to simulate NMR spectra so we( can
confirm our structures.

Mass spectra were recorded on a Finnagin TSQ 700 triple guadrupole mass
spectrometer using an electospray ionization (ESI) source. The instrument conditions for the
experiments already run were: 3500 volts on the needle, 1000 volts on the electron multiplier, -
15,000 volts on the conversion dynode, and the heated capillary was set at 200 degrees C.
Samples concentrations are recorded on sheet provided describing the samples. Samples were
dissoived in 50 MeOH, 50 H,C, and 0.1% acetic acid. i should be noted that ion currents were
extremely low (<20 nA). This could be improved by increasing the concentration of acid in the
sample. This is probably not necessary since there was sufficient ionization of analyte to provide
a decent signal to noise ratio. The source is can be operated in the positive or negative ion
mode. LC/MS experiments can be run by using our Waters 600e pump and 712 WISP
autosampler combination. Samples have been run in a variety of conditions from 0.1 %
trifluoracetic acid to 1 mM ammonium bicarbonate, so basic conditions are not a problem.

In addition to the instruments listed above, our lab also has 2 home built matrix assisted
laser desorption/fionization time of flight (MALDI-TOF) mass spectrometers with resolutions
(m/Am) of approximately 1200-2000. We also have a Bruker Reflex Il reflectron MALDI-TOF
mass spectrometer that is capable of resolutions as high as 11,000 in the reflector mode. This
instrument is also capable of performing post-source decay (PSD) structure analysis. The TSQ
700 is a triple quadrupole instrument capable of doing MS/MS and CID experiments. The ESI
source can be removed and a traditional EI/CI source can be installed.

| really look forward to helping you out in any way | can. 1 would really like this to grow
into a full-fledged collaboration between our two groups. | have presented the idea in principle to
my advisor, Dr. James Reilly, and he seemed very warm towards it. | am sure that this project
could provide many opportunities for both of our labs to teach each other a few things as well as
solve the problem at hand, developing and testing a method for the analysis of these dye
samples. Please feel free 1o call me at the lab (812) 855-0987 or email me at
jkarty@indiana.edu.
problems presented in this project.

Thank you,

Wy
/ %,é?‘
Jonathan A. Karty

Research Assistant




Hawman Forrest J CNIN

Trom: jan.willem  wegener@ivm.vu.n!

aw Tuesday, August 31, 1999 6:54 AM
To: hawman_forrest@crane.navy.mil
Subject: re: HPLC Analysis of Dyes

Dear Dr. Forrest,

Unfortunately the publication you reffered was the conclusion of the research
project. In other words, no other investigations have been made since then. |
feel sorry | am not able to heip you. On the other hand | do not think many
changes could have been made. Methanol is still to be preferred over
acetonitrile when working with buffer saits. Columns of smaller internal
diameter are available now, and will of assistance to reduce solvent
consumption.

I wish you success with your investigations. if you have any questions do not
hesitate to contact me. Although the work was ended long ago | remember it
vividly.

Best regards,

Jan Willem Wegener

Dr. Wegener,

Greetings, | am a chemist working for the United States Navy and | have been
assigned to a project dealing with dye contaminated soil.

Onir task is to develop HPLC methods for the analysis of a muititude of dyes

yil and groundwater. The scil comes from an open pit disposal area
wruch was used in the 1940's to dispose of military dyes. This area has
been under remediation for several years now and the main area of the site
is under a cap. The dyes in question cover the entire spectrum, from water
soluble acid/basic dyes to nonpolar dyes.

| have read your 1987 publication in Chromatographia, Determination of
QOrganic Colorants in Cosmetic Products by High-Performance Liquid
Chromatography, and your work was very intriguing. Your study was one of
the very few ! found that dealt with such a large number of dyes
simultaneously.

We are concentrating on TLC for the quick screening methods but these will
have to be backed up with HPLC for quantitation.

it was my hopes that since your article was over 10 years old you had since
done more research on the subject. If you have done any further research, |
would appreciative of any references you may be able to provide, especially
in the area of HPLC column and mobile phase selection.

Thanrk you in advance for any help you may be able to provide.

Forrest Hawman

Chemist

Naval Surface Warfare Center
Explosive Sciences Branch

r ‘o4052

u. - Hwy 361

Crane, IN 47424

(842) 854-5716




Hawman Forrest J CNIN

From: George Baughman [GBAUGHMA@hestia.fcs.uga.edu)
Sent: Tuesday, July 27, 1999 3:57 AM

To: hawman_forrest@crane.navy.mil

Subject: Dye analysis

if you will call me at 706-542-4883, | will help all | can. | love your
problem! 8:30-8:00 or 10:30-11:30 am is best chance to catch me.

Dr. Parry forwarded me your request for info.




Hawman Forrest J CNIN

m: George Baughman [GBAUGHMA@hestia.fcs.uga.edu]
.nt: Wednesday, July 28, 1999 8.59 AM
To: Hawman Forrest J CNIN

Subject: RE: Dye analysis

You can call anytime. If | am out just call back a little {ater. | will be
here until 5 or iater today. ! will try to find the data on the Column
for you but than was a long time ago.You might be interested in the
report we did for the army. AD-A249-073. "Fate of Colored Smoke
Dyes". On second thought, you should get the report.

The column | used was from Bio-Rad Laboratories 2.5cm x 75. and
was packed with 100gm of 200-400 mesh Bio-Beads (s-x12) aiso
from Bio-Rad. | don't see the column we used in their 94 catalog so
you may need to call and talk to them. The column we used has

an adjustable rod at the top and bottom so that you can adjust the
pressure on the column that is caused by solvent swelling of the

packing.



Ha_g_man Forrest J CNIN

From: George Baughman [GBAUGHMA@hestia.fcs.uga.edu]
Sent: Tuesday, August 03, 1999 5:55 AM

To: hawman_forrest@crane.navy.mil

Subject: Venkataraman

[ forgot to tell you that the book is The Analysis of Synthetic Dyes
by K. Venkataraman its ISBN no. is ISBN 0-471-90575-5. You
should easily find it with that.

Anocther good source of info. is Dr. Bochner at 201-742-
3801ex1332. He is anothe man who has been arround forever, Tell
him | told you to call,




Hi Jacquelyn
Apoiogies for not getting back to you on Friday - several things cropped up.

Now where should | start?? | will annotate a few thoughts in response to your
comments actually in your original message. | am afraid it will not all be good
news.

| iook forward to hearing from you again.

Best Wishes
Kelvin
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“ro -cogkni@west-01.leeds ac.uk
Subject: Dyes in soil and water
Date: Tue, 13 Jul 1999 11:49:11 -0500

Dr. Tapley,

| am a chemist working for Crane Naval Surface Warfare Center in
Crane, Indiana. Linda Karsonovich from Tetra Tech NUS in
Pittsburgh, PA e-mailed you about a project we are working on. From
your response to her e-mail, it seems you might be able to assist

us.

First, let me explain to you exactly what we are dealing with.

There is site on our base where a large quantity of scrap dyes and
dye-contaminated materials were disposed of in shallow trenches.
This went on from the 1930s to the early 1970s. The EPA has since
placed a cap over this site. My lab has been give the job of
analyzing the soil around the cap to ensure that all the
dye-contaminated soil was placed under the cap and to quantify how
much dye has made it through to the ground water and near by
streams,

Our task has been simplified slightly because our lab has some
production line samples of dyes that were taken directly from our
manufacturing lines approximately 45 years ago.

Since starting this project, we have encountered several difficulties...

1) We have not been able to develop HPLC procedures that
separate the wide variety of dyes we have samples for.

{[ You never will - in my opinion. If you consider the chemistry of
the dyes then it becomes obvious that you will not be able to



separate and identify them using a single chromatography method (it
is like comparing chalk with cheese). You have anionic, cationic and
neutral dyes, and also pigments. Note, true pigments are not soluble
in solvents (or at most only slightly soluble) and therefore can not

be analysed by HPLC.]}

We have done extensive library searches through chromatography journals and
other sources. So far we have not come across an article where the scientist has
dealt with such a wide variety of dyes. For example, when we try a method that
is supposed to separate one oftwo dyes we have, we find that our other dyes
coelute with the target dyes. We have tried modifying some journal article
methods and have tried developing some of our own with minimal success. The
HPLC we are using is equipped with-a Photo Diode Array detector so we do have
the capability of spectral matching and we have compiled a spectral library of the
dyes we have in house.

{[Note, your lab samples have not been kept under the same conditions
as the field sampies, therefore the chemistry of the samples may well
be very differentt]}

2) When the EPA and our environmental department first started this project,
they went out with shovels and dug around the area to determine how far the
cap would have to extend. They did this by looking for any visible signs of
dyes in the soil. We have obtained these samples and have run a preliminary
analysis. There are a lot of dyes that UV-vis spectra and retention time do
not match the ones we have in-house. Do you have any suggestions how we
may go about identifying these dyes?

{{LC-MS or CE-MS]}

{[We are very keen on the technique of Capillary Electrophoresis
(CE) (we have six CE instruments!) for the analysis of a wide range
of colorants in a wide range of matrices, although CE is not
particularly good for trace analysis]}

We do not have access to an LC/MS in our laboratory. We were
hoping there might be a UV-vis spectral database out there that may
make identification easier.

{[No - not that | am aware of. Although here in the Department of
Colour Chemistry we are working on a “Dictionary of Colorants’ in
collaboration with the SDC.}}

3) What do you foresee as possible interference to the analysis? Supposedly the
ground water is highly contaminated with metals.

{{Many metals are able to complex with dyes, especially acid dyes,




and this will change the colour (UV-Vis absorbance profile) of the
dye concerned.]}

The soil is yeliow clay.

{INatural colorant to complicate your task further. You shoul do some
chemical analysis on this clay![}

One of my biggest concerns is that some of these dyes may have broken down
aver the years and we may be seeing break down products in our initial
screening of the soil samples instead of the original dye. Any comments you
have on this subject would be greatly appreciated.

{[Some of the dyes will have definately broken down - at least in

part - and | wouid be amazed if you did not see any breakdown
products (although their detection will obviously be dependent on the
method of analysis used and be subject to them not diffusing away
from the original area). Several staff (myself included) within the
department have been involved in studying/developing natural systems
(eg. bacteria or white rot fungi) for breaking down dyes. Under the
right conditions certain bacteria can break down dyes in a matter of
minutes. Note, trying to establish reaction pathways and identifying
break down products is extremely difficult - even if you have access
to eg. HPLC-MS.]}

4) The EPA insists that we have an internal standard and a surrogate standard
for our analysis. Two distinctively different dyes would be the most logical
answer from-what we-ean-figure.on-ourpan-, However, we have no way to
judge what dyes we could buyfWouid not intérfere with the dyes we aiready
have on our list. We would like to avold the costly method of trial and error if
at all possible. What do you suggest?

{[The use of standards makes a lot of sense, especially if you hope
to be able to achieve some type of quantitative information. The
choice of standards would be dependent on a number of factors, not
least of which would be the actual sampling, extraction and anlaysis
methods used. | would envisage different standards being used with
different methods for different groups of colorants/chemicals
(including derivatives and breakdown products). Selecting suitable
standards appears to be the least of your problems at this stage.})

| am attaching an Excel file that has all the information on our
in-house dyes.

{[Certainly a wide variety of colorants. One further point for you
to note is that many commercial dye products actually consist of
several different chemicals, for example | have found (by CE



analysis) over twelve different coloured species in one particular
“single” commercial dye; there can also be other chemicals
present such as diluents, buffers, salts, dispersing agents,
anti-dusting agents and impurities (eg dye intermediates, plus
oxidation/hydrolysis products - especially if stored for a long

period)! [}

Any heip you can provide us would be greatly appreciated.

{[To tackle and solve this project properly will require a considerable amount of
time, effort and expertise, plus suitable equipment. Therefore, this project is
likely to be very expensive - the figure of one million pounds is probably fairly
realistic!

If you would like the Department of Colour Chemistry/myself td be involved
(either small part or large part) then there will clearly need to be some
benefit/incentive for us to do this!

Academics no longer have “free time® - due to pressures from
various sources. Please let me know if you would like to utilise the
expertise/facilities of the department and also under what terms. if
you like | could formulate a proposal to carry out part of the work
or act on a consultancy basis.]}

Sincerely,

Jacquelyn Karty

Chemist

Explosive Science Branch, Naval Surface Warfare Center, Crane
Division 300 Highway 381 Crane, IN 47522 Phone: 812-854-3143 Fax:

812-854-5054 E-mail: yorhauer j@crane.navy.mil

<<Storeroom Dye Samples.xs>>

Dr Kelvin N Tapley

Department of Colour Chemistry
University of Leeds

Leeds LS2 9JT

England

Tel 0113 2336732

Fax 01132332947

email K.Tapl ] Uk




Sent: Saturday, June 05, 1999 2:08 PM
To: edm@pfaitzandbauer.com

Ce: Vorhauer Jacquelyn J CNIN
Subject: FW: Dye standards

Please read the following emails, | had sent them to the wrong email address.

Forrest Hawman

Chemist

Crane Naval Surface Warfare Center
Explosive Sciences Branch

Code 4052, Building 2707

300 Hwy 381

Crane, Indiana 47522

--—-Orlglnal Message—-—- _

Saturday, June 05 1999 2:11 PM

To: ‘edm@pfaltzbauver.com’
Cc: Vorhauer Jacquelyn J CNIN
Subject: FW: Dye standards

| sent you the following e-mail yesterday. | realized after | sent it that | would be out of town next
week, and the information is important. Could you please reply to Jackie Vorhauer at

vorhauer f@crane.navy.mil as well as me. This email is Cc to her so you can get her email
address from the header also. if you have any question please feel free to call her at (812) 854-
3143.

Thank you,

Forrest Hawman

Chemist

Crane Naval Surface Warfare Center
Explosive Sciences Branch

Code 4052, Building 2707

300 Hwy 361

Crane, Indiana 47522

Phone (812) 854-5716

=ent: Friday, June 04, 1999 12:17 PM
To: ‘edm@pfaltzbauer.com’
Ce: Vorhauer Jacquelyn J CNIN

Subject: Dye standards

Greetings,
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Linda Karsonovich
Dye project

412-921-4040

1 think this is what you are looking for. Let me know if it isn’t.

Jackie Vorhauer

%am VI ORI Y, M/anfwa,uawy

o oam 40
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All samples will be analyzed using 5 standards as required by Method #8330 that
blanket the samples.

A standard from Environmental Resource Associates (ERA) will be obtained for method
#8330 for analysis in addition to required blanks, matrix spike samples and laboratory
spiked samples. All will be analyzed in accordance with the prescribed procedures.

QUANTITATIVE ANALYSIS OF DISODIUM FLUORESCEIN BY HPLC

PURPOSE

E This procedure establishes the activities associated with quantitative analysis of
disodium fluorescein by HPLC.

SAMPLE PREPARATION

A sample, & 900-ml aliquot, is evaporated by a dry nitragen purge to 5 ml.

APPARATUS AND REAGENTS

Anotec Syringe Filter, Catalog # 20010500, 0.2 micrometers

5 ml volumetric flasks

1000 m! beakers

Shimadzu SIL-9A Auto Injector

LDC Model il Constametric Pumgp

Spectra-Physics SP427O integrator

Alitech 345 Solvent Recycler

Column Packing: Alltech Econosil, C18, 10 micron

Column Size: Length: 250 millimeter, Inside Diameter: 4.6 millimeter

Mobile Phase: lsocratic, 50% Methanol, 50% Deionized Water and &
Tetrabutylammonium Phosphate, 0.5 molar, pH 7.5, Kit from
Alitech (1 kit per litsr of mobile phase). .

Flow Rate: 1.0 millilter per minute



TiLouLATUIVIT W O

ok WU 7 [V PP TIPSR WL Py R LS L
a

NSWC Crane '
Draft QA Project Plan for
Release Charactarization
‘November 20, 1997-
Seclion 7, ?2.93 13 0f 23

Detector:  Ultraviolet at 254 nanometers

Injection Volume: 10 microliters

Standard: Discdium Fluorescsin, Eastman Catalog # 735, Lot # AGA, (85%
min. by spectro analysis, corrected for water). Disodium
Fluorescein standards are prepared in methanol.

Methanol: All methanol used for extraction and analysis is Fisher Scientific,

HPLC grade.

Water/Blank: All reagent water used in the analysis procedure is steam distilled
and then filtered through a Millipore Model ZD40 (Analytlcal) Milli-Q-
Plus Water System.

Nitrogen: Dry nitrogen gas is supplied by liquid nitrogen cook off.

Glassware: Glassware is rinsed with high quality distilled water.

Filter: Anofop 0.2 micron

Instrument Detection Limits

The limit of detection is dependant on the amount of concentration of the sample.
Using a 900 milliliter aliquot of sampie concentrated down to 5 milliliters, the limit of
detsction for Disodium Fluorescein is about 10 parts per billion,

The lowest calibration standard is 1.64 ppm. The reporting limit for the method of 10
ppb, is dependent on the amount of concentrating of the original sample (in this case
180 times). The spectrophotlometer analyzes a concentrated water sample. This limit
was used because, after concentration from 800 ml into 5 ml, satisfactory results were
obtained.

CALIBRATION PROCEDURES

Disodium Fluorescein, Eastman Catalog # 735, Lot # AGA, (85% min. by spectro
analysis, corrected for water) is used for reference. Disodium Fluorescein standards :
are prepared In Fisher Scientific, HPLC grade, methanol. A concentrated standard was
prepared and diluted to the range of the sample concentrate (2 ppm, 4.5 ppm, and 9
ppm) in the analysis of the first two samples. For further samples, five standards will be
prepared in the range that will blanket the sample values. These standards are in
addition to the standard blank. The standards will be evaluated for linear correlation.
The linear correlation factor will be at a minimum of 0.995.
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The matrix spiking solution should consist of 15 ppb of blue dye standard and 25 ppb of
Disodium Fluorescein standard after addition to the neat tank water sample, i.e.,
approximately double the concentration of each component. Recovery will be 100 +-
20%.

Initial calibration is performed at the start and at the end of a shift. Acceptable criteria
for calibration is a stable baseline {(correlation factor 0.995).

A laboratory reference standard is prepared independently of the calibration stock using
de-ionized laboratory water. It is analyzed by the above procedure and must be within
t 10% of the true value. If the reference is not within £ 10% of the true value, it will be
reanalyzed. If the reference is still outside the criteria, the reason will be determined
and corrected. '

Code 4052 will strive to obtain a certified standard dye sample solution will be obtained
g.. from an outside source for further calibration checks/recovery. Recovery will be + 10%
of true value.

INTERFERENCES AND CORRECTIVE MEASURES

Liquid Chromatography separation was used o avoid possible interferences.
ANALYTICAL PROCEDURE

Concentration

The sample botlle containing the dye contaminated water is shaken to put all solids
into suspension. A 900 milliliter aliquot of sample is poured into a graduated cylinder.
The aliquot is divided between three (1000-milliliter) beakers. A nitrogen line is
aftached to the lip of each beaker and the beakers are covered with aluminum foil.
Nitrogen flow is adjusted to slightly move the surface of the sample liquid. The samples
are evaporated to dryness under ambient conditions.

Extractian

The dry sample residues are each extracted with three or more 2-milliliter aliquots of
methanol. Each beaker residue is extracted until there is no visible blue color left in the
extract or the residue. The combined extracts are quantitatively filtered. The filtered
methanol solution is evaporated to less than 2 milliliters. The concentrate is
quantitatively transferred to a 5-milliliter volumetric flask and dliuted to volume with

methanol. q ‘)»
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A high performance liquid chromatography (HPLC) procedure for separation of food
dyes, found in the Hewlett Packard Catalog, was used on the known and unknown dye
samples. The procedure gave a good separation for the Disodium Fluorescein
standard and a peak with the same retention time (six minutes) was observed in the
unknown sample. (The procedurs uses a C18 column with a one milliliter per minute
flow rate of 50/50 mixture of methanof and water. The solvent is buffered with,
Tetrabutylammonium phosphate solution from Alltech. A 254 nanometer wavelength,
detector was used for data collection). This separation procedure can be used for
quantitative analysis of the Disodium Fluorescein (uranine) dye. Also, an appropriate
secondary confirmation column shall be used to confirm the identify of unknown peaks
and all peaks associated with analytes of interest. However, it is the primary column
which shall be used for quantitation purposes.

CALCULATIONS

Peak heights of the samples and standards are used for quantitative detarmination of
Disodium Fiuorescein. A response factor for the standards is determined from a plot of
concentration and peak height of the dye. The peak height of the dye in the sample is
muitiplied by the response factor and in turn divided by the concentration factor,
Results are reported in parts per billion of Disodium Fluorescein in the original water
sample.

QUALITY CO'NTROL

The sample quality control will be handied by i in accordance with the Grane NPDES
QA/QC plan (Appendix E).

DATA REPORTING

The sample data reporting will be handled in accordance with the Crane NPDES
QA/QC plan {Appendix E).

QUANTITATIVE ANALYSIS OF MIL-D-16627, BLUE DYE BY ABSORPTION
SPECTROPHOTOMETRY

PURPOSE

This procedure establishes the activities associated with quantrtatwe anaIyS|s of MIL-D-
16627, Blue Dye by Absorption Spectrophotometry.

' SAMPLE PREPARATION
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Evaporate the sample, a 900-m! aliquot, without heat under a dry nitrogen purge to 10
mi.

APPARATUS AND REAGENTS
10 mi volumetric flasks
Perking-Elmer model 552 spectrophotometer

one centimeter path length cuvettes

pipeties
Acetic Acid, Fischer Scientific reagent grade

Reference standards are prepared from a sample of Mil-D-16627 dye in methanol, Mi-
D-16627 contains only 50 psrcent dye according to specification. One drop of acetic
acid is added to 10 milliliter of the final mathanol standard.

Water/Blank: All reagent water used in the anslysis procedure is steam distilled and
then filtered through a Millipore Model ZD40 (Anaiytical) Milli-Q-Plus Water System.

INSTRUMENT DETECTION LIMITS

The iimit of detection for the blue dye is 5 pans per billion but background interference
could change the limit. The lowest standard is 1.6 ppm. The reporting fimit for the
method of 5 ppb, is dependent on the amount of concentrating of the original sample (in
this case 80 times). The spectrophotometer analyzes a concentrated water sample.
This limit was used becauss, after concentration from 900 ml into 10 ml, satisfactory
results were obtained. This limit was used because, after concentration from 800 mi into
Jess than 10 ml, interferences from sample background were too overwhelming for the
instrument to analyze,

INTERFERENCES AND CORRECTIVE MEASURES

The acetic acid removes the Disodium Fluorescein absarption and slightly increases the
blue dye absorption. One drop of acetic acid is addad to 10 milliliter of the methanol
standard.

CALIBRATION PROCEDURES

Peak heights of the sémples and referance standards are used for quantitative
determination of the Mil D-16627 blue dye. No attempt was made to distinguish
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between the two blue dyss. A response factor for the standards is determined from a
plot of concentration and peak height of the dye. The peak height of the dye in the
sample is multiplied by the response factor and in turn divided by the concentration
factor. Results are reported in parts per billion of blue dys in the original water sample.

A concentrated standard is prepared and diluted to the range of the sample concentrate
1.6 ppm 3.29, and 16.4 ppm for the blue dye in the analysis of the first two samples.
For further samples, five Standards will be prepared in the range that will blanket the
sample values. These standards are in addition to the standard blank. The standards
will be evaluated for linear correiation. The linear correliation factor will be at a minimum
of 0.895,

The spiking solution shouid consist of 3 ppm of blue dye standard and 25 ppm of
Disodium Fluorescein standard added to a 900 mi tank water sample aliquot before
concentration and extraction steps are performed. Recovery will be 100 + 20%.

Initial calibration is performed at the start and at the end of a shift. Acceptable criteria
for calibration is a stable baseline (correlation factor 0.995).

A laboratory reference standard is prepared independently of the calibration stock using
de-ionized laboratory water. it is analyzed by the above procedure and must be within
+ 10% of the true value. If the reference is not within £ 10% of the true value, it will be
reanalyzed. If the reference is still outside the criteria, the reason will be determined
and corrected.

Code 4052 will gtrive to obtain a certified standard dye sample solution from an outside
source for further calibration checks/recovery. Recovery will be +- 10% of tfrue vaiue.

ANALYTICAL PROCEDURE

The sample concentrate prepared for Disodium Fluorescein analysis was diluted by half
to 90 times concentration using methanol. The background is too high at 180 times
concentration. One drop of acetic acid is added to the 10 milliliter volumetric flask.
The acetic acid removes the Disodium Fluorescein absorption and slightly increases the
bilue dye absorption. The Mil-D-16627 blue dye was scanned in the visible range with a
spectrophotorneter. The blue dyes have a maximum absorbance at 408 nanometer (
nm) and a shouider at 390 nm. The visible spectrophctomster can be used for
quantitative analysis of the MII-D-1 8627 dye.

CALCULATIONS

. The blue dye referende standard weight is corrected for purity. Quantitation was based
on the peak height at 408 nm. A response factor for the standards is detarmined from
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plot of concentration versus peak height of the dye. The peak height of the dye in the
sample is multiplied by the response factor and in turn divided by the concentration
~ factor. Results are reported in parts per billion of blue dye in the original water sample.

QUALITY CONTROL

The sample quality control will be handled in accordance with the Crane NPDES
QA/QC plan (Appendix E).

DATA REPORTING

* The sampie data reporting will be handled in accordance with the Crane NPDES
QA/QC plan (Appendix E).

TOTAL ORGANIC CARBON (TOG)

Appendix G covers the TOC analysis used in the evaluation of the dys water. The
sample will be analyzed as received.

TOTAL SUSPENDED SOLIDS (TSS)

.Appendix H covers the procedure for non-filterable residue in drinking or waste water.
This test is commonly referred to as TSS, This method will be used for every sample
and generate non-soluble particulate samples for FT/IR, SEM, GC-MS, and TLC
analysis.

TOXICITY (MICROTOX)

Appendix B covers the procedure for toxicity analysis used in the evaluation of the dye
water. The Microtox test is performed on as received samples and on samples
representative of the water after treatment. The purpose of the data collection is to
show relative toxicity before and after treatment without any carrelation to human health
toxicity data.

ION-EXCHANGE CHROMATOGRAPHY (IEC)

Appendix | covers the inorganic/organic anion analysis by IEC used in the evaluation of
the dye water. Full analysis for all anions will be performed.
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To: TomBrent ~ ___ flease seview, Useful ¢
Bill Gates - Lty
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From: Peter Ramanauskas -
Date: November 19, 1999
Re: Potential DBG Dye Identification Method

Recently, George Bollweg had attended a forensics workshop here at EPA and thought this
information might be useful for the Crane DBG Project.

Andrew Grange, a chemist from USEPA's National Exposure Research Lab in Las Vegas,
presented at the forensics workshop on a technique called mass peak profiling from selected ion
recording data (MPPSIRD). This appears to be a derivative of GC-MS used to help identify
unknown compounds of very similar mass. He appeared genuinely interested in providing
services to USEPA Regions and the states, in part to help justify what looked like considerable
development work on the method.

I sent Andrew a copy of the agenda from our conference call of September 10% to give him an
idea of the poten'ua.l application of this technique to the Crane site. I have included his response
for you to review and forward on to Tetra Tech and the Crane lab to see if this may be useful.
If so, please contact me and we can make any needed arrangements with Andrew.




UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
3 NATIONAL EXPOSURE RESEARCH LABORATORY
¢ P.O. BOX 93478 » LAS VEGAS, NV 89193-3478

NOV | 6 1999 nzsemcnomge DEVELOPMENT

MEMORANDUM
SUBJECT: Identification of Dyes

FROM: Andrew H. Grange, Ph.D. M @) ﬁ‘% m

Physical Scientist
Environmental Chemistry
Environmental Sciences Division

TO: Peter Ramanauskas (DW-8J)
Environmental Scientist
Corrective Action Section
Waste Management Branch
Waste Pesticides and Toxics Division

It is likely that Mass Peak Profiling from Selecied Ion Recording Data (MPPSIRD) and
the Profile Generation Model (PGM) could be used to identity dyes and to provide compelling
evidence should it be required to encourage a PRP to pay for clean-up or containment.

The attachment indicates two broad categories of dyes are of interest. Those that are
insoluble in water would probably provide gas chromatographic peaks. Elemental compositions
of the molecular ion (or apparent molecular ion) and fragment ions should lead to identification
of some or all of the dyes in the water insoluble fraction.

The jonic or very polar dyes in the water soluble fraction can be studied using -
electrospray ionization (ESI) or atmospheric pressure chemical ionization (APCI). These are
"soft" ionization techniques that produce primarily a molecular ion (or quasi-molecular ion with
an extra H or Na atom [+ ions] or lacking an H atom [- ions]). However, increasing voltages
within these two sources induces fragmentation to provide ionized portions of the molecule. Our
experience with these sources is limited and application of MPPSIRD to liquid sample
introduction is a major thrust of our R & D. A disadvantage of these techniques is that in
general, they are less sensitive than the gas-phase sample introduction techniques (e.g. GC and
probe). But your samples probably contain fairly high levels of dyes, since 50 tons of dyes were
deposited in (and perhaps splashed around) the trenches. Your need to identify these dyes ‘%'
provides us with an excellent opportunity to again demonstrate the utility of our new analytical
tools for compound identification using gas-phase sample introduction and analytes relevant to
the Agency for liquid sample introduction.
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Several years ago, we demonstrated the feasibility of determining elemental compositions
of compounds introduced in a liquid using coaxial-flow, secondary ionization mass spectrometry
(SIMS). SIMS provides less sensitivity than ESI or APCI and is out of favor. However, we did
determine the elemental composition of Acid Orange 8 using MPPSIRD at the time. Therefore,
extension of MPPSIRD to liquid sample introduction should be feasible for your dyes as well.

If you could send us portions of your sample extracts (1 mL would be wonderful), we
would be pleased to determine elemental compositions of ions produced from the dyes and
hopefully identify them for you. If successful, we intend to write a paper on our results for a
mass spectromeiry journal or the forensics journal mentioned during the course - you and your
colleagues would be co-authors. We would perform the analyses without charge. There is
always the chance that the samples could prove intractable or that a "hot problem" could demand
our attention. As of now, however, we have the time available to investigate your dye samples.
If you are interested in our analyzing your samples, let me know. Thank you for your interest.

Attachment




Characterizing Hazardous Waste Constitutents:
‘ A New Tool

Andrew H. Grange,’” William C. Brumley,' and John W. Farley’

'US EPA, NERL, Environmental Sciences Division, PO Box 93478, Las Vegas, NV 89193-3478
*Department of Physics, UNLV, Las Vegas, NV 89154-4002
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Problem: Incomplete Characterization of Compiex Samples

A typical hazardous waste site accurnulates wastes from numerous sources. Over time, these
wastes can react to form new compounds, with or without catalysis by solar radiation, components
in air, or metals in soil. Hundreds of compounds might be present. To fully characterize each site,
every component in the numerous samples would have to be identified and quantified. Typically,
wastes are analyzed for priority pollutants listed in appendices to EPA methods. In general, these
are compounds know to be toxic that are widely used and for which analytical methods exist. These
lists represent but a small fraction of the compounds that might be found in hazardous waste sites.
New analytical techniques to analyze the other components are needed to assess risks to humans and
the ecosystem and are under development at the Environmental Sciences Division of the EPA’s -
National Exposure Research Laboratory.

- Current Practice

Gas chromatography/low resolution mass spectrometry (GC/LRMS) is used to analyze for many of
the compounds listed in EPA appendices. When a sample contains dozens of compounds, coelution
of multiple components is common, and the mass spectra arise form more than one compound, even
after background subtraction. Matches with library mass spectra become poor and compound
identification uncertain. This was the case for the extract of a black, viscous sample from a
Superfund site in West Virginia; the total ion chromatogram is the upper trace in Figure 1 (1). No
credible library matches were found for many mass spectra.

Ion Abundance

s Retention Time (min) | o

Figure 1.



Additional Information from High Resolution Measurements:
Elemental Compositions of Molecular or Fragment Ions

In Table 1 (1) are listed the chromatographic peaks in Figure 1 for the Superfund site sample
and the elemental compositions for the largest ion containing only the most abundant isotope of each
element produced from the compound most responsible for each peak. Only 12 compounds were
identified from library matches of mass spectra, and in some cases, the elemental compositions were
needed to select the correct match. The identified compounds account for only a small fraction of
the total signal and mass of the sample. The C;H,NS* ion (149.0299 'amu), indicative of
benzothiazole, was monitored at a mass resolution of 20,000 (lower trace in Figure 1) and indicated
that 11 unidentified compounds contained the benzothiazole group. Benzothiazole derivatives are
used in the rubber and dye industries. High resolution data also provided the elemental
compositions. Table 1 provides far more information about the sample than could be determined
by GC/LRMS alone.

The Need for High Mass Resolution 280.9824 2810517 2811238
.y . . . E Cehit C?Hz|045i: CiaHisNS
High mass resolution is required for two Calibrant\ Column Bleed /Analyte-
reasons: to separate the signal due to analyte ions 1.000 \ t )4

from interferences and to provide narrow error limits

. Resolution
for exact mass determinations.

Shown in Figure 2 are calculated mass peak
profiles at 1,000 and 20,000 resolution for ions
produced from the calibrant, from column bleed, and
from an analyte, all with a nominal mass of 281 amu.
The overlap of the profiles at the lower resolution
indicates all three ions would contribute to the signal
observed at m/z 281, distorting the mass .spectrum
and the exact mass obtained for the analyte ion. . At
the higher resolution, the profiles are baseline
resolved and the analyte ion can be monitored
without interferences form the other two ions.

20,000
Resolution

Ion Abundance

Using Isotdpic Masses and Relative
Abundances to Identify Large Ions-

The number of elemental compositions
possible for an exact mass within the error limits of 280.7
its determination increases rapidly with the mass of
the ion. Only five of the ions in Table 1 were Figure 2.
identified form the exact mass of the ion containing |
only the isotopes with greatest natural abundance (M). The other ions were identified using criteria
based on the exact masses and relative 2bundances of ions with masses 1 or 2 amu greater than M,
denoted as M+1 and M+2 (2). The mass peak profiles in Figure 3 were calculated for the last ion
in Table 1 and for one of 17 other compositions possible based on the exact mass determined for M.
The differences in the exact mass of the M+2 profile and the abundances of the M+1 and M+2
profiles relative to the M profile were large enough to eliminate the bottom composition. Peak
broadening of the upper M+2 profile arises from the mass difference between C,,H,N,$*'S’
(410.1652 amu) and "C,C,,H,,N,S,* (410.1761 amu). The shape and width of the M-+2 profile are
also useful for distinguishing between passible compositions.

Mass (amu) 281'4_




Table 1. Nominal masses, compositions, and tentative identifications of ions corresponding to
chromatographic peaks in the total ion chromatogram

TIC Nominal Criteria Met Tentative
Peak # Mass Composition GC Probe Compound Identification
1 100 C.H,,0 na 2-methyl cyclopentanol
2 o8 CeH, 0 na -
3 113 C,H, N na n-methyl cyclohexanamine
4 93 C,H,N na aniline
5 135 C,H NS 5 benzothiazole
6 127 C,H,,NO na
7 149 C,H,NS 4 2-methyl benzothiazole
8 149 C,H,NS 4 3-methyl-1,2-benzisothiazole
9 141 C,H, NO 5 2
10 173 C,;H N 5
11 178 Cy,H,,0 3 2
12 175 CyaHyoN 5
13 191 C;;H,;NS 3 2-butylbenzothiazole
14 169 CpH, N 5 5 -
15 205 C,.H, NS 5 4 contains benzothiazole group
1s 182 C,.H, (S 5 2 1,2,3,4,6,7,8, 9-octahydrodibenzothiophene
17 187 Cy,H,,N s
18 183 Cy KN 5
19 205 C,;H, NS 5 contains benzothiazole group
20 203 C,,H,,NS 2
21 219 Cy;H;,NS 5 contains benzothiazcole group
22 215 C,,H,,NS 5 _ '
23 205 - C,.H, NS 5 alkylated benzothiazole
24 205 C, H, NS 5 alkylated benzothiazole
25 199 CH,NS 4 phencthiazene
26 234 Cy,H,,N,S 4
27 246 C. H,N, S 5 4 _
28 232 C,,H,N,8 5 ~ N-cyclohexyl-2-benzothiazolamine
29’ 246 C,,H,,N,5 5 methyl-N-cyclohexyl-2-benzothiazolamine
30 226 CyyH, N, 8 5 o-anilinophenylester thidcyanic acid
31 266 CoyHy N, 5 _
32 281 C,4H, NS 5
33 260 C,H,ON,S 5
34 260 CyoH, (N, 5 3
35 285 C,,N;,N8 L3 containsg benzothiazole group
38 283 C;,H;,NS 4 contains benzothiazole group
37 280 C,6H; N, S 5
38 286 C,,H;,ON, 5 3
39 308 C, H N, 8 5
40 268 C,H,N,S, 5
41 296 C1oHzoN, S 5
42 314 C,H,6N,8 5 contains benzothiazole group
43 290 CeH1 M8 S contains benzothiazole group
44 i2e C1H N3 S, 5 3¢ contains benzothiazole group
45 354 CaoHa,N, S, 5
46 372 €, H, N8 4 contains benzothiazole group
47 336 C1eH (N, S, 5
301 C1oH, 3 M, 58 ab
365 - CaHnyN,5, 4°
402 CaaHpoN, S, 4
408 C;.H;,N,S, 5

*Criteria tested for m/z 162 ion due to low signal
"For this ion, an absence of P atoms was assumed -
‘Insufficient to exclude all other compositions not containing P atoms



The New Analytical Technique that Provides
Elemental Compositions :

Mass Peak Profiling from Selected Ion Recording Data
(MPPSIRD) is a new data acquisition technique that
increases sensitivity 100-fold and speed by a factor of 6
over conventional scanning modes at a resolution of
20,000. Full scans at high mass resolution have long been
used to detenmine exact masses of synthetic products
introduced into the jon source over an extended period of
time, but have not been used to obtain exact masses for
ions produced from compounds that enter the source as
narrow chromatographic peaks, because the scan rate is too
slow to track the peaks and because the sensitivity is too
low to observe many components in mixtures. In Figure
4, a simulated full scan is shown. Data are acquired as the
m/z ratio observed varies continuously across the entire
mass range. With Selected Ion Recording (SIR), a set of

individual m/z ratios is monitored to provide
much greater sensitivity and speed. SIR has been
used historically to monitor m/z ratios atop mass
peak profiles from target analytes as illustrated
by the asterisks in Figure 4.

Jon Abundance
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In Figure 5, the new technique is illustrated.

To plot the full mass peak profile, m/z ratios
were monitored across a single profile (3). To
plot the partial profiles, six m/z ratios each were
monitored across the top portion of the M, M+1, and M+2

profiles (4). Monitoring of partial profiles provides a rapid

cycle time (0.8 sec), which enables tracking of
chromatographic peaks. The exact mass of a profile is the

weighted average of several m/z ratios across the top of the
profile. Triplicate exact mass determinations at 20,000

resolution using a mass increment of 5 ppm provided

masses accurate to within 2.5 ppm. The relative abundances

are the appropriate ratios of the sums of the six points used

to plot the partial profiles. A Profile Generation Model

[PGM (2)] calculates the exact masses and relative

abundances expected for all possible compositions when six

m/z ratios are monitored across M, M+1, and M+2 profiles

and applies criteria to reject those compositions that are not
consistent with the data. Elemental compositions are
determined for ions with masses less than 600 amu and for
larger ions in many cases (2).

298

Screening for Target Compounds

The extract was introduced with a heated probe while the
M, M+1, and M+2 partial profiles were monitored for each
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of nine ions listed in Table 1 that contained different numbers of N, O, or S atoms to leamn if their
compositions could be determined rapidly without prior component separation (1). All but the
correct compositions were rejected for eight of the nine ions.

. A poor library match for strychnine (C,,H,,N,0,; 334.1681 amu) was found for a trace
component, which was determined to be (C,,H,;N,; 334.1470 amu). When probe introduction was
used to screen for strychnine, no signal was observed for its M, M+1, and M+2 ions. Thus, to a very
low detection limit, strychnine was not found in the extract.

Other Applications of MPPSIRD

MPPSIRD is used routme]y in our Jaboratory with GC and probe introduction. The last four ions.
in Table 1 were identified using the probe, since chromatographic peaks were not observed for these
ions. Quantitative analysis of Aroclors (commercial mixtures of PCBs) using a carbon-labeled PCB
isomer as the calibration standard has also been demonstrated (5). Many environmental
contaminants are too labile, polar, or large to provide chromatographic peaks. Use of MPPSIRD
with liquid sarnple introduction techniques that utilize electrospray ionization (ESI) or atmospheric
pressure chemical ionization (APCI) are currently being investigated. These techniques employ
“soft” ionization and will provide molecular or quasi-molecular ions for most compounds.

Summary

A new analytical tool using high resolution mass spectrometry (MPPSIRD and the
PGM):

# provides elemental compositions for ions with masses up to 600 amu

e helps identify major and trace components in complex mixtures

* quantifi ies mixture components using an internal standard

Elemental compositlons are used to:
e reject library matches with incorrect compositions
& confirm library matches with the correct composition
e limit a compound'’s identity to a number of isomers

High mass resolution:
e provides high selectivity by separating analyte ion signals from interferences
® permits determination of exact masses within small error limits

Plotting mass peak profiles from selected ion recording data provides:
¢ high sensitivity enabling use of 20,000 resoiution
e a fast cycle time to track chromatographic peaks
& a highly selective, sensitive, and rapid screening technique for target analytes

References

{1) Grange, AH,; Brumley,WC LC~GC 1996, 14, 978-986.

(2) Grange, A.H.; Brumley, W.C.; J. Am. Soc. Mass Spectrom. 1997, 8, 170-182.

(3) Grange, ﬁle, Donnelly, I.R; Brumley, W.C.; Billets, S.; Sovocool, G.W. Anal. Chem. 1994, 66,
4416-4421.

(4) Grange, A.H.; Donnelly, J.R.; Brumiey, W.C,; Sovocool, G.W. Anal. Chem. 1996, 68, 553-560.

(5) Grange, A.H.; Brumley, W C Proceed. 44th ASMS Conf on Mass Spectrom. & Allied Topics,
5/12-16, 1996 Portland OR 536.
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Abstract. The incidence of cancer observed in children living near a contaminated site in New
Jersey was higher than normal. Trace amounts of several isomeric compounds were detected by
GC/MS in a concentrated extract of water taken from a well that serviced 50,000 people. Mass Peak
Profiling from Selected Ion Recording Data (MPPSIRD) provided the sensitivity and scan speed
necessary to acquire mass peak profiles at mass resolutions of 10,000 to 20,000 for the molecular
jon (M*™) and 10 fragment ions as capillary GC peaks eluted. Exact mass differences between
the molecular and fragment ions corresponded to unique combinations of atoms for the neutral losses
observed in low resolution mass spectra. Identification of the neutral losses simplified mass spectral
interpretation by limiting the number of possible structures for the fragment ions. After i inspecting
library mass spectra for smaller molecules, 1748
isomeric structures were hypothesized with
cyano and alkylcyano groups attached to
tetralin. A literature search found that six of
these isomers were consistent with an
industrial polymer synthesis performed by

~ the party- that generated the waste. The
proposed structures were confirmed by mass
spectra and GC retention times for three of
the isomers in a standard provided from the
polymerization process now used.

Introduction. The Reich Farm Superfund
Site near Tom’s River, NJ, is a relatively flat,
sandy area of approximately three acres,
surrounded by commercial establishments
and woodland. In 1971, an independent
waste hauler leased the site and dumped
drums con-taining solvents, still bottoms, and
residues from organic chemical
manufacturing. More than 100,000 people
residing within three miles of the site are
served by nearby wells. The NJ Department
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of Health and Senior Services reported that
the incidence of cancer among children in the
area was greater than expected. The NJ
Department of Environmental Protection
found traces of several isomeric compounds
in a well that supplied 50,000 people.
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Figure 1. (a) m/z 129 ion chromatogram for

well water extract (top) and standard
(bottom); (b) mass spectrum of 4th isomer in
. the extract; and (c) mass spectrum of isomer
in the standard with the same retention time.




Neither they nor other laboratories were able to determine the elemental composition of the isomers
using conventional mass spectrometric techniques. A concentrated extract was sent to the U.S.
EPA’s Environmental Sciences Division (ESD) for analysis. FTIR and NMR studies were precluded
by the low level of the analytes in the extract.

Industrial chemical syntheses create a myriad of waste compounds. Most of these compounds are
not found in mass spectral libraries. When analyzing chemicals dumped at a Superfund site located
within 100 miles of numerous industries that generate waste, one does not know a priori which
elements are contained in the compounds. For industrially generated organic compounds, C, H, O,
N, P, S, Si, F, Cl, and Br should all be considered.

Shown in Figure la is an ion chromatogram for m/z 129, the base peak in the mass spectra. The
mass spectrum for one isomer is shown in Figure 1b. No library matches were found with the Wiley
library (262,000 entries) or the NIST library (62,235 entries).

Mass Peak Profiling from Selected Ion Recording Data (MPPSIRD). MPPSIRD was developed
by the ESD to determine the elemental compositions of environmental contaminants, a crucial step
in their identification [1]. In Figure 2a are several ion chromatograms for m/z ratios that were -
monitored across a mass peak profile. The areas of the chromatographic peaks were among those
plotted to provide the mass peak profile in Figure 2b. The exact mass was calculated as the weighted
average of several points near the top of the profile. In Figure 2c are shown partial profiles plotted
in the same way. Partial profiles were monitored by a single SIR descriptor to provide exact masses
and abundances relative to the M™ partial profile for the (M+1)*" and (M+2)* partial profiles. SIR
provided more than 100 times greater sensitivity than full scanning and 6 times faster cycle times

at 20,000 resolution using a VG70-250SE double focusing mass spectrometer Consequently,

MPPSIRD provxded exact masses and relative abundances of ions from major or trace components
that reside in the mass spectrometer for short times. Data are routinely acqulred at 20,000 resolution
using capillary GC.
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Figure 2. Ion chromatograms (a) for m/z ratios corresponding to the 5 shaded pamts in (b) a
Jull mass peak profile. In (c) 3 partial profiles are shown.



Determining the Correct Composition Using a Profile Generation Model (PGM). A PGM
calculated which elemental compositions were possible that contained C, H, O, N, P, §, Si, and F
atoms for 210.1160 Da + 2.5 ppm, the exact mass of the presumed molecular ion, determined at
20,000 resolution. Cl and Br were not considered, because the isotopic abundance patterns
associated with these elements were not observed in the mass spectra. The PGM calculated the exact
masses and relative abundances of (M+1)* and (M+2)" partial profiles for each composition and
applied error limit criteria to the experimental data to reject all but the correct one [2]. Finally, the
PGM printed a table similar to Table 1 listing the 5 possible compositions, the mass defects, and
relative abundances with an “X” beside each criterion that was failed. The trace levels of the analytes
necessitated use of less than 20,000 resolution to study the (M+1)*" and (M+2)"" profiles.

Table 1. Elemental compositions and ‘quantities used to select the correct one

m/z 210.1160 * 2.5 ppm

Resolution: 20,000 10,000 5,000 10,000 5,000

# RDB Composition M M+l M+2 8M+1 (Range) 8M+2 (Range)

1 1.0 CHNPF .31158 .1177 .1190 7.2 ( 6.2- 8.4) X 0.3 ( 0.2- 0.3) X

2 0.0 CH,N/P, .1163 .1187 .1214 8.3 ( 7.4- 9.3) X 0.3 { 0.2- 0.3) X

3 5.5 C,BE, ,NJF .1155 .1181 .1204 11.3 (10.0-12.8) X 0.6 ( 0.5- 0.7) X
|4 4.5 CHNP .1160 .1190 .1217 12.0 (10.8-13.4) X 0.7 ( 0.6- 0.8) X

5 9.0 C;HN; .1157 .1189 .1219 16.2 (14.7-17.7) 1.3 ( 1.1- 1.4)

Experimental: - .1160 .1187 .1208 16.3 . 1.3

Rejecting Functional Groups Based on the Elemental Composition. The nominal mass of the
molecular ion indicates whether it contains an even or odd number of N atoms, but provides no other
information about the functional groups in 2 molecule. The elemental composition of the m/z 210 ion,
C,H,\N,", determined from high mass resolution data excluded alcohols, aldehydes, ketones, ethers,
esters, carboxylic acids, peroxides, nitro-, nitroso-, or other oxygen, phosphorous, sulfur, halogen,
or metal containing compounds. When the formula, C, ;H, )N, was searched rather than the molecular
weight of 210 Da, the number of mass spectra selected was reduced from 1285 to 33 for the Wiley
library and from 342 to 13 for the NIST library. Although the mass spectra were not in the library,

these reductions illustrate that knowledge of the elemental composition greatly reduced the number
of possible compounds.

Limiting the Isomers Possible with Exact Masses of Fragment Ions and Neutral Losses. Exact
- masses were determined at 10,000 resolution for the 10 fragment ions labeled in Figure 1b and listed
in Table 2. The exact masses of the neutral losses listed in Table 3 were determined by subtracting
the exact masses of each fragment ion from the exact mass of the presumed molecular ion. For each
entry, the observed mass errors in both tables were acceptable for only 1 combination of atoms that
contained the elements in the presumed molecular ion. One or two other possibilities were eliminated
for 8 of the fragment ions and for the 8 corresponding neutral losses. The correlation of the neutral

losses and the fragment ions was consistent with the assumption that C, H,,N,” was the molecular
ion. : ' '

The exact masses of the fragment ions and neutral losses eliminated uncertainty about the number of
N atoms in the fragments. For example, the composition of the ion corresponding to the base peak
at m/z 129 resulted from loss of C;HN, and not of C;H,N or of C;H,. C,oHe", not C;H,N* or
C,H,N,", was consistent with the aromatic substructure shown in Figure 3 that originates from non-




nitrogen containing compounds such as indanes, indenes, and tetralin [3]). Hence, the nitrogen atoms
were probably external to the rings. The nominal mass loss of 54 Da could correspond to C,H,,
C,H,N, or C,H,N, leaving 2, I, or O N atoms in the fragment ion. The exact mass of 54.0344 Da
indicated loss of C;HN with 2.5 rings-and-double bonds, corresponding to a radical cleavage, either
as a compostte loss of (<C,H, + HCN) or of the intact units, CH,CH,CN or CH,CHCN.

Table 2. Exact Masses for 10 Fragment Ions from the Isomers

Experimental Theoretical Error| C, H & N Combinations Exrors
Compesition Mass Mass (mamuz) with Same Nominal Mass (mmu )

C, Hy:N, 208.1001 208.1000 +0.1

C, B, N, 206.0846 206.0844 . +0.2

c,H,N;, 191.0607 151.0608  -0.2 €, HN -12.8

c,H,N  181.0887 181.0891 -0.4 C,,H,N, CiH,;, +12.5 -12.6
Cy o HN 166.0661 166.0657 +0.4 C,HN, CEy, +13.0 -12.2
c,H,,N 156.0816 156.0913 +0.3 C, H,N, Cy.H,, +12.9 -12.3
C,,H,N 153.0578 153.0578 0.0 C,.HN, C1-H, +12.5 -12.6
CyHN 140.0501 140.0500 +0.1 C,H.N, C,,H, +12.7 +-12.5
CoH, 128.0707 129.0704 +0.3 C,H,N, ¢,H,N 4+25.4  +12.9
C,H, 115.0548 115.0548 0.0 C,E, N, C,H,N +25.2 +12.6

Table 3. Exact Masses of Neutral Losses Determined from Mass Differences Between the
Molecular and Fragment Ions

Experimental Theoretical Error C, H & N Combinations Errors
Atoms - Mass Mass {mma ) with Same Nominal Mass (o)
H, 2.0159 2.0157  +0.2
E, = 4.0314 4.0313 +0.1

CH, . - 15.0553 19.0548 40.5 NH, +13.1
CEN 29.0273 29,0265 +0.8 C,H, N.H -11.8 +13.3
C.H,N 44.0499 44.0500  -0.1 C,H, CH,N, T=-12.7 +12.5
C,H,N 54.0344 54.0344 0.0 C B, C,H,N, -=12.6 +12.6
C,H,N 57.0582 57.0578 +0.4 C,H, C,H,N, -12.2 +12.9
CHN 70.065%9 70.0657 +0.2 C:H,, C,HN, -12.4 . +12.8
C,HN, 81.0453 81.0453 0.0 C¢H, C;H,N -25.1 -12.5
CsH,N, 95.0612 95.0609 +0.3 C,H,, CH N -24.9 -12.3

The Izbrary mass spectrum in F igure 4 for tctralm shows sequentlal loss of several H atoms, similar
to the losses observed for the m/z 156 ion in Figure 1b. The neutral loss masses in Table 3 verified
that the difference between m/z 153 and m/z 156 was 3 H atoms. After a tetralin core was assumed,
9 rings-and-double bonds required that the 2 N atoms be present as cyano groups. The loss of C,H,N
then corresponded to an alkylcyano group and the loss of CH,N corresponded to loss of (2H +
HCN). Knowledge of the correct neutral losses led quickly to a limited number of possible isomers,
those which contained cyano and alkylcyano groups attached to a tetralin core. Organic chemical
considerations of long-term stability in water and solubility were also consistent with this functional
group hypothesis.

" reference 4,

Additional observations that supported this hypothesis will be presented in



Searching the Literature for
Industrial Processes that
Produce Such Isomers. A
search of the formula indices
of Chemical Abstracts from
1920 to the present found
hundreds of citations for
compounds with the composi-
tion C,,H,N,. These were
searched for  industnal
processes that could produce
molecules with the expected
structural features. Abstracts
containing molecules shown in
Figure:1c were located and the
full papers were later
reviewed. These compounds

were produced by the copoly-

merization of styrene and
acrylonitrile as 1:2 adducts,

and had mass spectra very

similar to those acquired for
the isomers in the well water.

Establishing Responsibility
for the Contaminants.
Unknown to us at the time, the
‘party who manufactured these
chemicals admitted respon-
sibility after we determined the
elemental composition. The
party later provided us an
authentic standard obtained by
distilling the adducts from
styrene:acrylonitrile polymer
that was prepared by another
industrial synthesis. Three of
the isomers observed in the
standard had the same
retention times as isomers in
the well water extract and very
similar mass spectra as illus-
trated by Figure 1. The
possible structures of these
isomers are shown in Figure 5.

+CN +CN

as . s

191.OGDSCN —CHy

e
selN<el

DE.0344 - o
206.08 CHV“ 7 L 181.0891

A

208.1600 N

| -zH

o |

210.1157 gy
™
= L
~CNe
153.057 N
- Hrew, . 13608131 haese
o, N

gy QO

129.0704
Figure 3. Plausible fragmentation scheme from an
isomer with a-cyanoethyl and cyano groups on the
saturated ring for the 10 fragment ions studied.
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Figure 4. Mass spectrum of tetralin from the NIST library.
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An improved high-performance liquid chromatography system
for the analysis of basic dyes in forensic casework

R.M.E. Griffin*, S.J. Speers, L. Elliott, N. Todd, W. Sogomo, T.G. Kee

Northern Ireland Forensic Science Laboraiory, 151, Belfast Road, Carrickfergus BT38 8PL, UK

Abstract

Acrylic fibres are frequently encouatered as physical evidence in casework in the Northern Ireland Forensic
Science Laboratory. Separation and analysis of the basic dyes, used in the garment industry for the dyeing of acrylic
fibres, was carried out by isocratic HPL.C with a narrow bore column. The HPLC ecluent used was a mixture of
methanol and aqueous ammonium acetate solution (pH 9.76) in a ratio of 9:1. The sensitivity of the system is such
that the dyes extracted from 0.2 cm of a black acrylic fibre could be detected using three injections on a single
channel detector at wavelengths of 400, 500 and 600 nm (for yellow, red and blue dye components respectively).

1. Introduction

Textile fibres contain a number of dyes which
may be mixed in different proportions to give
varying shades and colours. Methods used by
forensic scientists for the comparison of fibres
are: (a) an identification of the fibre type by
polarising and infrared spectroscopy and (b)
examination of the dye components by com-
parison microscopy, microspectrophotometry
and thin-layer chromatography (TLC) [1].

High-performance liguid  chromatography
(HPLC) systems have been described for the
analysis of acid, disperse [2], direct and pigment
dyes in forensic science. These include the analy-
sis of fibres [3-7], lipstick smears [8,9], inks
[10,11], illicit tablets [12], and counterfeit notes
[13].

Acrylic fibres are one of the most frequently
occurting fibre types encountered in casework in

* Corresponding author.

the Northern Ireland Forensic Science Labora-
tory. These are found particularly in terrorist
incidents where masks and gloves have been
used. Basic (cationic) dyes are commonly used in
the dyeing of these acrylic fibres.

A few HPLC systems have previously been
reported for the analysis of basic dyes. Individual
[14,15] or a narrow range of basic dyes [16,17]
can be analysed with these systems.

An HPLC method for basic dyes was de-
scribed previously by this laboratory [18]). It
consisted of gradient elution with mixtures of
methanol and aqueous ammonium acetate solu-
tions on a normal-phase silica column {160 x 4.5
mm [.D.) and was found to provide acceptable
separation of twenty-one basic dyes. However,
baseline drift was found to occur in the gradient
system due to refractive index changes. This was
most noticeable at visible wavelengths, when
high sensitivity (0.0005 AUFS)} was required for
the analysis of the small quantities of extracted
fibre dyes available in forensic science casework,

0021-9673/94/807.00 © 1994 Elsevier Science B.V. All rights reserved
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\ ;this paper an ion-interaction HPLC method for the separation and determination of red dyes used to decorate
w made sweets is presented. In particular E122, E123 and E124 dyes are considered, with special interest for E123
. amananth), prohibited by the US Food and Drug Administration in 1976 and by Italian legislation in 1977 and then again
ned (wi.th thnicﬁons) in the European Community in 1994, (94/36 EEC Directive). A RP-ODS stationary phase is
‘and an jon-interaction reagent (octylammonivm phosphate) is added to the hydro—-organic cluent [water-—acetonitrile
%ﬁ'ﬂ.}_ﬁ ¥). pH=6.4). Spectrophotometric detection at 520 nm was employed and detection levels below 12 pg/| for the
_ dyes were achieved. The method is applied to two commercial products, respectively produced in France and in haly,
wd the results are discussed in the light of the recent EEC Directive concerning food dyes.

Intreduction
. :In 1960, an Amendment to the Food, Drug and
. Cosmetic Act permitted colours in use at that time in
the USA 10 be used provisionally until their safety
had been established. In the Federal Register of
Septe'm‘bcr 23, 1976 (85), the US Food and Drug
Administration (FDA) addressed all the colours that
were t?len provisionally listed for food, drug or
cosmetic uses [1,2]. Since then many colours have
been removed from the provisional Jist and prohi-
o » among them, amaranth [3]. In 1977 ltalian
gislation, DM 21.03.77, [4] banned the use of
;maramh (E123) in most food and beverages: the
¥¢ could only be used in caviar and caviar suc-

L)
c°"¢$pondiug author.

S024-9673/97/51 7
h $30021-9673(96)01098.9

On the other hand the dye was still allowed in
other European countries. In 1994 the European
Community, in order to unify in the member coun-
tries the legislation about food dyes, formulated the
directive 94/36 [5]. This reports a positive list of the
dyes permitted, two lists of foods in which these
colours respectively can or cannot be used and, for
some of the dyes, the maximum permitted amount.
In concern of the time of application, the directive
states that all the EC couatries had to conform within
December 31, 1995 legislations, regulations and
administrative provisions to prohibit commercializa-
tion and use of all non-conforming products. Art. 9
also states that all the products already on the market
or already labelled can be commercialized up 1o the
exhaustion of the stock in hand.

As it particularly concerns red colours, the posi-
tive list reports E120. E122, E123 and E124. Among

00 Copyright © 1997 Elsevier Science BV, All rights reserved
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Purification and identification of several sulphonated azo dyes using
reversed-phase preparative high-performance liquid chromatography

Min Chen, David Moir*, Frank M. Benoit, Cariton Kubwabo

Bureau of Chemical Hazards, Health Protection Branch, Department of Health, P.L. 0803B, Tunney's Pasture, Otawa KI1A OL2,
Canada
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Abstract

Reversed-phase preparative HPLC has been successfully used to isolate several sulphonated azo dyes (Acid Red 1, Acid
Red 8, Acid Red 106, Acid Violet 5, Chromotrope 2R, Reactive Orange 16 and Cibacron Brilliant Red 3B-A) from their
impurities. The separations were achieved using mobile phases of methanol and ammonium acetate. The major components
of these azo dyes were collected and then identified by electrospray mass spectrometry using the charactenstic ions
[M—2Na)’~, [M—2Na+H] ™ and (M—Na] ™. The degree of purification, as measured by electrospray mass spectroscopy,
was variable. © 1998 Elsevier Science BV. All rights reserved.

Keywords: Preparative chromatography; Dyes; Azo dyes

1. Introduction

Azo dyes are characterized by the presence of one
or more R-N=N-R groups, whose nitrogen atoms are
linked to sp’-hybridized carbon atoms. At least one
of these carbon atoms belongs to an aromatic ring
{usually a benzene or naphthalene derivative). Com-
mercially, the dyes are synthesized by coupling the
aromatic derivatives in an aqueous medium. Given
the almost unlimited choice of starting materials, an
extremely wide variety of azo dyes is possible. Of
the commercial dyes listed in the Color Index (1971)
[1]. more than 2200 are azo dyes, which are used in
the food, cosmetic, textile and printing industnes.

Commercially prepared azo dyes are rarely pure
initially, because of the presence of impurities in the
reactants and the occurrence of side reactions during

*Corresponding author.

manufacture. Azo dyes used in the food and cos-
metic industries must be purified because ingestion
brings with it the possibility of biotransformation.
The toxicity of the likely metabolites must be
considered. The required purity is dye-specific and
ranges from 85% for tartarazine to 96% for Citrus
Red Number 2 {2]. Limits are also put on per-
centages of allowed insoluble matter, ether soluble
matter, subsidiary dyes and intermediates. For azo
dyes used in the textile and printing industries, where
ingestion is less likely, purity is secondary to colour
and there is no incentive for manufacturers to further
purify these azo dye formulations. The ultimate goal
of this project is to investigate the effect of azo dye
structure on the ease of bioreduction by intestinal
bacteria. Such a study requires that the test com-
pounds be as free from contamination as possible, to
allow accurate measurement of the kinetics of reduc-
tion. As the eight azo dyes used in this study had

0021-9673/98/% — see front matter © 1998 Elsevier Science BV. All rights reserved.
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Method for the Analysis of Phloxine B, Uranine, and Related
Xanthene Dyes in Soil Using Supercritical Fluid Extraction and -
High-Performance Liquid Chromatography

Jocelyn P. Alcantara-Licudine, Michael K. Kawate, and Qing X. Li*

Department of Environmental Biochemistry, University of Hav'vaii, Honolulu, Hawaii 96822

\

The use of supercritical fluid (SF) carbon dioxide (CO3z) modified by organic solvents and inorganic
salts or chelating reagents was investigated for the extraction of the xanthene dyes phioxine B and
uranine from soil. Methanol (MeOH), n-butylamine (n-BA), and a chelating agent, ethylenedi-
aminetetraacetic acid tetrasodium salt (Na,EDTA), were the most effective modifiers of SF CO; for
quantitative recoveries of phloxine B and uranine in soils with 10—20% moisture at 60 °C/476 atm
and 60 °C/272 atm, respectively. At these supercritical fluid extraction (SFE) conditions, recoveries
of related xanthene dyes (i.e., 2’,7"-dichlorofluorescein, 4,5,6,7-tetrachlorofluorescein, eosin Y lactone,
erythrosin B, and rose bengal) fortified at 25 ug/g in Hawaiian soils ranged from 65 to 93%. Good
separation of a mixture of these dyes was achieved by HPLC. A mixture of MeOH, n-BA, and sedium
hexametaphosphate [(NaPQj3)s] was effective for conventional solvent extraction of phloxine B and
uranine from fortified soils.. However, SFE was more selective and gave cleaner extracts. Recoveries

were comparable to those by solvent extraction.

Keywords: Phloxine B; uranine; xanthene dye; EDTA; SFE; HPLC:; soil

INTRODUCTION

Phloxine B and uranine are xanthene dyes widely
used as coloring additives in drugs and cosmetics.
Phloxine B has been used as a food-coloring material
in Japan since 1973 (Ito et al., 1994). Demand for
determining purity led to numerous studies on its
analysis, purification, and synthesis (Gandin et al.,
1982; Weisz et al., 1992; Pérez-Ruiz et al., 1994).
Phloxine B and uranine also have fluorescent properties
useful for biological staining (Lillie, 1969) and optical
chemical sensing (Nakagama et al., 1990).

The insecticidal property of xanthene dyes was dis-
covered when mortality, retardation of growth, and a
decrease in fecundity of female insects were observed
while the dyes were being used as biological markers
in an insect ecological study (Yoho et al., 1973). Insect
bioassays showed that dye-sensitized photooxidation
caused mortality in house flies (Carpenter et al., 1984;
Yoho et al.,, 1976} and other insects (Callaham et al.,
1975; Fondren and Heitz, 1978). Recent studies showed
that phloxine B and uranine effectively suppressed fruit
flies (Liquido et al., 1995a,b). USEPA has approved an
experimental use permit to conduct field experiments
using these dyes in spray or bait formulations to control
fruit flies on coffee in Hawaii, oranges in California, and
grapefruit in Texas (USEPA, 1995). Currently,
malathion is the chief insecticide to combat fruit flies
in Hawalii, but malathion and its oxidative product
malaoxon are also toxic to honeybees, lady beetles, and
other natural enemies of the pests (Mulla et al., 1981).
A more environmentally acceptable fruit fly control
agent is needed.

Laboratory toxicity tests indicated that phloxine B
and uranine were relatively benign to mammals, al-
though phloxine B was reported to have low toxicity to

* Author to whom correspondence should be ad-
dressed [phone, (808) 956-2011; fax, (808} 956-5037;
e-mail, qingl@hawaii.edu).

fish (Tonogai et al., 1979). Assessing environmer
effects of phloxine B, uranine, and breakdown produ
require that reliable analytical methods be establis!
to detect these chemicals in environmental sample—"
available methods are intended solely for product
determination in foods, drugs, and cosmetics (8
1995). These methods are inadequate for analysi:
these compounds in complex environmental matri
like soil.

In recent years, supercritical fluid extraction (SI
has emerged as a valuable technique for rapid s
efficient isolation of pesticide residues from envir
mental samples (Chester et al., 1994; Clement et :
1995; Sherma, 1995). Carbon dioxide (CO3) has be
the supercritical fluid (SF) of choice, being nontoxic a
less expensive and having relatively low critical te
perature (32 °C) and pressure (72 atm). SF C

- however, being nonpolar does not efficiently extr

polar or ionic organic species. Polar SFs such as wa
or MeOH are possible alternatives for extracting po
compounds (Capriel et al., 1986; Hawthorne et :
1994). However,-the required critical temperatures a
pressures for water (374 °C/218 atm) and MeOH (2
*C/78.5 atm) are too extreme for routine applicatior
SFE of moderately polar analytes like diuron a
atrazine from soil using SF CO; required the additi
of polar solvent modifiers such as MeOH or etha:
(McNally et al., 1988). Good SFE recoveries of meti
eugenol and labile analytes such as naled and cueh
from soil were accomplished (Alcantara-Licudine et :
1996). Rochete et al. (1993) reported good SFE recov
ies of 2,4-dichlorophenoxyacetic acid {2,4-D) fror--=-
with low organic matter by addition of an ionic m
and derivatization of the free acid to a methy!l es
before gas chromatography (GC) determination. Go
recovery of 2,4-D was also achieved by in situ chem»
derivatization and SFE with CO; (Hawthorne et ¢
1992). 4-Nitrophenol was efficiently extracted from s
by SFE and detected by GC or immunoassay (Wong
al., 1991). In general, advances of SFE for highly pol
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Analysis of Dyes in Plastics using

HPLC

Application Brief

Angelika Gratzfeld-Huesgen

Abstract

Dyes which are used for coloring
plastics have to fulfill special
requirements. They have to be

brilliance. The analyzed colors in
this application brief are soluble
in organic solvents but are practi-
cally insoluble in water. This is
important if the colored plastics

1 Solvent yellow 21
2 Filamid violet RB

heat resistant, resistant against are to be used in food packaging
UV-irradiation and weatherproof. ~ materials or in toys. Some of these
" In addition, they should show colors are also used as coloring
strong coloring power and high agents for polyamide fibers and
Name ‘Color Indax . Structure
Solvent yellow 21 ' Monoazo 1:2 chroma complex
Fitamid violet RB Monoazo 1:2 chromo complex
Dispersa yellow 54 47020 Chinophihaton
Solventred 52 68210 Anthraquinarie
Macrolex blue 3R Anthraguinone
Solvent bive 97 Amthraquinone
Table 1
Chemical structure of dyes

4 Solventred 52
5 Macrolex blue 3R

Absorbance 3 Disperse yellow 54 6 Soivent blue 97
ImAU]
500+ )
o0 |
§ Standard
3001 :
2001
i i
RN JEUPE ST I . Polymer yeltow
100y e ;
.l g f"iL ' Polymer blue
L S Vet :
25 5 15 10 12.5 15 11.5 20 22,5 Time [min]

Figure 1
Standard chromatogram

Polymer/chemcial industry

other engineering plastics. The
following colors were analyzed:

Solvent yellow 21
Filamid violet RB
Disperse yellow B4
Solvent red
Macrolex blue 3R
Solvent blue 97

Rs 0 Rt

' : R2
R

3

* 8 ® & & &

Rs 4 R

Figure 2
Chemical structure of dyes

A BT S S

Chromatognphm conditions

N T LA L e S

Colunwy: 125 3 mm BOS, 3 pm

Mobile Phase; A = Water + 0.001 m
Tetrabttylammoniumhydro-
gensuifate, pH = 3.0 with
H,50,, B = Acetonitrile

Gradient: Stanwith30% B, to 98 %Bin
10 min

Flow Rate: 0.5 mi/min

injection Vol: 5

OvenTemp:  40°C

UV-Detector:  DAD,
280720 nm Reference 900/50 nm
350/40 nm Reference 300/50 nm
465/40 rin Reference 900/50 nm
540/40 nm Reference 900/50 nm
€00/40 nm Reference 900/50 nm

Sample preparation

Polymer samples were dissaived in
Tetrahydrofurane and filkered after extraction
with ultra-sonic bath for 30 min

\s e
»/)
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Sensitive Analysis of Synthetic

Colors using HPLC and Diode-
Array Detection at 190-950 nm

Application Note

Food and Flavors
Pharmaceutical
Chemical Processing

Angelika Gratzfeld-Hiisgen
Rainer Schuster

In this study synthetic dyes were analyzed using
jon-pair, reversed phase chromatography on a
special base-deactivated HPLC column. This
separation mechanism was chosen to reduce
tailing effects of highly polar colors. Detection
was performed using a new design of diode-array
detector based on two lamps — a deuterium lamp
and a tungsten lamp. This ensured highest light
output at 190 - 950 nm, which resulted in lowest
detection limits over the entire wavelength range.
It was possible to analyze blue, black or green

colors in the low ng range at their absorption

maxima of 600 - 700 nm. Complete spectra,
feasible from 190 - 950 nm, facilitated identi-
fication with an automated library search.
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UV-Visible System for Identifying
Dye Mixtures in the Environment

By Anna E. Oknfor, Chris W. Brown, and Mortin J, Bide, Universi ty of Rhode Islund, Kingston

Uv-visihln spectroscopy is & power-
ful tool for quantitative analysis
and can dslacl very low concentrations

ABSTRACY

Mixtures of food and fabric dyes in
delonized, stream, river, and sea
watar have been ldentified using a
novel method 1o correlate UV-visible
spacira with Hbrary specire of pure
dyes In delonized water. Two-, threo-,
and five-component mixiures of dyss
were successiully Identified using the
Mix-Match algornl:m. This algorithm
performs principal component
ugruﬂmi: {PCR) on an entire librsy
of spactra of purs components
treating sach of the speciraas a
nandard mixturs having a unit
concentration for that component.
Approximatis concentrations are
obtainsd by pruojecting the scores of
an unknown apactrum onto the
princlpal camponent basis set and
multiplying by the regression
coefficients. An adsptive filter (s then
used to remove all simliarities of the
Hire! target component from the
mixture and the library spectra. PCR
ls performad ¢n the modified spectra
and used to identify the second
targel component. This process Is
repanted untll the residuals approach
zero.

Alotal ot 107 mixtures of tood and
fabric dyes were searched In a lbrary
of 48 pure dyms. Thas predictions were
correct for 100% of detonized water
samples, 92% of stream water
samples, 89°% of river water samples,
and 74% of ocean water samples.

KEY TERMS

Acld Dyss

Environmentat Medla

Mixture Analysis

Principal Component Regrassion
{PCR)

UV-Vigible Spectroscopy

January 1999 (X1
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ipresunitaef irond and Wplly overlapt
p1aiheHdBY The problem is Iurther
tompounded wilk dye samples that
have very similar structures and simi-
lar UV-visiblu spectral feamres. Visual
recognition of the pattern is almost
impossible. ;

Another important prablem with
dye mixtures in varivus media is that

apng ool attingthl

md tn erroneous identification. Dyes
ure of environmental igterest due to
their possible health effects and 1o the
fact that they cannot be offectively de-
raded in wasls trestment plants.’
gyes are popularly thought to be mu-
lagenic and carcinoyenic. While fow if
any have thnsa properties, correct
identification of dyas present in the
environment can provide accurale ru-
sponses to those concerns. Dyas in the
onvironment can alsa act as fingor-
print or tracer compounds and fden-
Liy their source and thus that of other
pollutants, R
Previausly, it was deinonstrated
\bat UV-visible spectra of organic mol-
acules contained encugh information
so thet thuy can be used for identifica-
tion and library searchos despite all the
averlapping and clustered bands.?
Later, & novel search wigorithm, Ydix-.
tMaich;” wus applied ty UV-visibla
spectra for idnmiging the compovents
in spettra of mixtures.? This algorithm,
which is based en pringipal compo-
nent unalysis (PCA), is capable of
saarrhing spectra of pure compounds,
mixtures of unknowns in medium-to-

large size sparival libraries. 3
Larlier trethods vaad for spectral in-
terprotation include computer aided
spectral mapping, pattern recognition,
factor analysis, cluster apalysis, and
artificial »i:ﬁi}igance.}?j ” Pricipal
compondii wisulysis (PCA) and its use
Tor searching spectrul ibraries was first
introduced by Isaphour and cowork-

ers.?¥45 PCA is capable of analyzing
large spuctral libraries te remove re-
dundant or dupendent values leaving
only significant information.?* The
concept of searching spectral libraries
with apecira ?lf unknown mixtures was
first propose Nyden and cowork-
ers."-"'lehu chyanﬂ ntixture methods
were rornblned and grestly modified
by Brown and coworkers.¥5.1531 By
penerating an orthonormal refsrence
library using PCA. spectral dependen-
cies can be eliminated and vnknown
mixturus can be corroctly identified.

The algorithm assumes that a mix-
ture spectrum behavus like a linear
combivation of pure speciry, Full treat-
ment of this method has been given
elsewhere.*%?! The final rosults are
given in lerms of a pseudo concentra-
tion or composition index. Composi-
tion index values range from 0.0 to 1.0
with the highest value corresponding
to the top bit. After the first target com-
pound is identified, an udaptiva filter
is used to make the criginal referonce
spectra and the mixture spectrum or-
!ho}gcnnl t? the target spectrom. A new
orthognaal spectral lihrary is generated
by PCA and is used to identify the next
targut component. This procoss is re-
peated until tha residuals approsch
zero. Recaptly, the mathod was used ta
successfully identify textiles and dyes
on the textiles from their near-IR apuc-
tra using & ypuctral library of pure dyes
and texiiles, ”

The mathad has been used herein to
ssarch 107 mixtures of dyes in various
environmental media from a UV-vis-
ible spectral library uf 48 pure dyes
dissolved in deionized waler. The 1e-
sults demanutyuted that dya samples
can be suceessfully identifiad irrespoc-
tive of the media in which they ware
dissolved. Previous knowindge of the
sainple’s composition is unimportaat.
Daespite the fact that some uf these dyes
show structure similarilies, close ab-
sorption peaks, end overlapping bands
in the UV-vigible regivns, this algo-
rithm ran identify tha dyes,



Characterization of Dyes in Environmental Samples by
Thermospray High-Performance Liquid Chromatography/Mass

Spectrometry

Robert D. Voyksner

Analytical and Chemical Sciences, Research Triangle Institute, P.O. Box 12194, Research Triangle Park,

North Caroline 27709

The use of thermospray HPLC/MS to characterize azo, diazo,
and anthraquinone dyes In wastewater and gasoline is dem-
onstrated. Thermospray analysis of these dyes primarily
produced [M + H]" lons with few fragments. “Filament on"
operation of the interface alded in the production of fragment
lons for the azo dyes analyzed. The commercial diazo and
anlhraquinone dyes analyzed by HPLC/MS proved to be very
complex mixtures of nearly 40 alkyl-substituted dye compo-
nenls, making monitering and identification of a particular
dyestuff very ditficult. Thermospray HPLC/MS methods are
demonstrated io detect dyes down to 10 ppt (parts per trilion)
in wastewater, 100 ppb In soll, and 1 ppm In gasoline. The
“filament on” operation of the thermospray interface provided
additional fragment lons, alding the structural elucidation of
these dyes.

Dyes play a significant role in the coloration products
consumed or used in the United States. They are used in
products such as textiles, paper, leather, and foodstuffa. Also,
dyes are required by law to be in leaded gasoline to indicate
the presence of lead. In addition, unleaded gasoline can
contain dyes to identify gasoline manufacturers and to trace
a seepage into soil or groundwater.

Wastes generated from coloration processes are of envi-
ronmental interest due to their possible health effects and the
inability of waste treatment processes to remove the dyestuffs.
The long-term effects of dyes and their degradation products
are unknown. Possible mutagenic and carcinogenic effects
of dyes and their byproducts are currently being investigated
(7).

Waste treatment processes typically do not remove most
of the dyes presexit in wastewater. Biological treatment of
the waste only removed 30-68% of the color {2, 3), indicating.
the resistance of dyes to current treatment techniques.

Clearly, analytical methods must be developed to identify
and quantitate these dyes to monitor environmental contam-
ination. Howaever, analytical procedures for the determination
of dyes in complex mixtures at parts-per-million levels or less,

are limited. Gas chromatography (GC) or GC/mass spec-
trometry (GC/MS) methods cannot be employed due to dye
involatility. High-performance liquid chromatography (HP-
L.C) methods proved successful for some dyes at levels less
than 1 ppm (4) but conventional detectors lack specificity for
dve identification. Techniques such as fast atom bombard-
ment mass spectrometry {(FAB-MS), field desorption MS, and
secondary ion MS proved useful in the identification of a wide
variety of dyes (5-7). Yet, these techniques lack on-line
chromatographic separation necessary for identification and
quantitation of a complex mixture containing parts per million
or less quantities of dyes. However, HPLC methods are
suitable for separations of involatile dyes and MS methods
provide specific and sensitive means of detection.

0003-2700/85/0357-2600$01.50/0 © 1985 American Chemical Society
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The thermospray (TSP) HPLC/MS interface is well suited E CyHy 3
for combined HPLC/MS since it can handle high quantitie O i
of aqueous solvent without shunting a major portion of the Fo, 11 2t
effluent, and the ionization process is soft, usually resulting gCH:s 2

in molecular ion formation (8-14). TSP HPLC/MS analyjy | CoHys 2

has been used to monitor numerous compounds of environ. Lot 2
mental importance, including pesticides, herbicides, dyes, snd - 1 3
nitroso compounds (15-19). This paper describes the use of CoHn 32
TSP HPLC/MS for identification and quantitation of az, Uit 33

i

diazo, and anthraquinone dyes in water, soil, and gasoline of
the low parts-per-million levels. :
: BET, retention t
EXPERIMENTAL SECTION ~ JBdance of each .
TSP HPLC/MS. Details of the TSP HPLC/MS configurstiea i
and operation were given earlier (15). The HPLC separationof
the azo dyes was performed on a 25 cm X 4.6 mm Zorbaz Cy
column (Du Pont Instruments), Wilmington, DE) st a flow raks
of 1.2 mL/min, The separation was accomplished by usings -
gradient from 70% methanol in water to 90% methanol in wate
(0.1 M ammonium acetate) in 15 min and holding at the finel
conditions for 10 min. The diazo and anthraquinone dyes wae
separated by a 25 cm X 4.6 mm Zorbax TMS column (Du Pont}
at 1.2 mL/min. The gradient employed went from 50% methasal
in water (0.1 M ammonium acetate) to 3% methanol in water ;
in 15 min and was held at the final conditions for 10 min. Some
of the diazo dyes were separated on a 25 cm X 4.6 mm Zorbet .
€15 column (Du Pont) using 100% methancl at 1.0 mL/min. I8
this separation scheme 0.4 mL /min of 0.3 M agueous ¥
acetate was added coaxially postcolumn for TSP ionization (1)
All HPLC/UV chromatograms were recorded at 254 nm. The
determination of the percentages of each dye component i
sample by HPLC/MS was based upon peak area meas '
on the [M + H]* ion assuming a response factor of I fﬂ‘ ‘
components, E:
*Filament on™ TSP HPLC/MS. The majority of the op#*
ating conditions for the “filament on™ experiments were the saind

as those reported for TSP HPLC/MS. The filament located 8} . RESU
the tip of the thermospray vaporizer was operated with an electros litative Ang
energy of 200 eV and a emission current of 0.05 mA. The TSP _ iﬁterfm

jet temperatures optimized lower (near 120 *C for neglﬁ“.‘;.- _
detection, 180 °C for positive ion detection) but the vaporis¥
operated at the same temperature. The HPLC separatiod !
performed at & reduced flow rate of 0.3 mL /min using 8
X 2.0 mm C4 column and mobile phase conditions re Ay
The 0.3 mL/min flow rate was employed to lerigthen g
lifetime. At this flow rate the filament could last 1 to 2 38§
Dye Samples and Solvents, The dyes were obtain % ‘}
industrial sources or from Aldrich Chemical Co. (Milwsukes tf
The stated dye content for the standards ranged from Qo%w
90%. Standard solutions were prepared in HPLC grade o€ mdm!"
(Fisher Scientific, Fairlawn, NJ) except for the diazo gt
thraquinone dyes which were dissolved in HPLC grﬂd? vt
{Fisher Scientific). HPLC grade solvents (Fisher Scientific) ¥
used in this study. The solvents were filtéred through 8 ohm“
filter to remove dissoived air and particles which could ¥
TSP operation. ) -
Sample Preparation. Gasoline was spiked with 1:“9:4
Diazo Red dye to simulate typical dye concentrations f
commercial gas. Twenty millilitérs of the gas was elu

10-min pe:
€ 1 demos
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ATTACHMENT i - IDENTIFICATION OF DYES

The next step was to try to identify dyes that could be potentially present at SWMU 2. The first target
compound list consisted of dyes that were identified in the RFI report (USACE, March 1991) and residual
dye products archived in the laboratory from past process use.

The Crane Laboratory tried to obtain standards for dye compounds identified in the RFI report. Some
dyes were no longer available from either the manufacturer or chemical supply companies. These dyes
were eliminated from the target compound list due to lack of a certified standard or known source.

Next, the Crane Laboratory attempted to identify as many of the residual dye products present in the
laboratory as possible through literature searches of label information and analysis of the dye products.
Many of the dye products could not be identified due to the ages of the dyes and lack of labeling
information. Containers for residual dyes known to be used in Base processes were not labeled with a
name, Chemical Abstracts Service (CAS) number or Colour Index (Cl) number. A range of analytical
techniques that are well-established as suitable for identifying and quantifying organic compounds were
used; however, they were unsuccessful (Ses Attachment 1). Those techniques included nuclear
magnetic resonance {(NMR) and mass spectrometry (MS). An uitraviolet-visible (UV/Vis) spectrat library of
the archived dyes was developed. Actual spectra of these archived dyes are presented in this
attachment.

Site-specific samples taken from the trenches during the capping operation were analyzed. The samples
were visibly contaminated with dye compounds. Dyes were detected in site-specific soil samples which
could not be matched to the dyes listed in the RFI repont or the archived residual dye products. These
constituents were categorized as dyes because of their absorbance wavelengths and spectral patterns.
These unidentified dyes were also added to the spectral library with labels indicating their status as
unidantified materials. Actual spectra of these unidentified dyes are presented in Attachment VIl.

After an exhaustive attempt to identify dyes potentially present at the site, the final target compound list
included ten aqueous soluble dyes and 14 organic soluble dyes. This comprehensive list of dyes is

presented in the standard operating procedure (SOP) located in Attachment XII.

As discussed in the Pre-QAPP meeting {March 9, 2000) for this project, some dyes or dye substances
that could potentially be present at the site are not included in the final method for the following reason(s):

100007/P Att-11-1 CTC 0010



No standards could be obtained for them
or
Identification of the dyes or dye substances could not be obtained.

Unknown dyes will be shown as present via a spectral match with the library spectra generated from the

analysis of archived residual dye products and site-specific samples.
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[Color_[Vat Yellow 4

ESE Lable

Identity (Ref = cl) AKA _ T | CASK \ﬁavew Type
inone, MIL-D-50029C, Vat Yellow 4 Vat Yellow 4 59100 | 128-66-5 Anthraquinone

Bl

Calcozine Rhodamine BXP

Dy en U
FEAA, Lot 22242583

Green 6820 00 625 3503
Green Dye, (1) Acid Yellow 23, (2) Acid Blue 1

DO0071 |Green - Acid Yellow 23, Acid Blue 1, 3-4-96 (large bottie)

Inoosa [MIL-D-16627 Dye (Blue Color)

MIL-D-16627 Std Dye, Red (light red) (L)

DO0B0 |MIL-D-16627 Dye 146 Biue:

Green:

Red.
Qrange:

{00061 [MIL-D-16627, Red Dye

I T —
50062 _|MIL-D-16627, Red, 76820-6240R8-(3 or 2)50(8 or 3)
|




D0063 |MIL-D-16627 Std Dye, 3 pkgs 10 g each Blue:

Green:
Red:
Orange:
D0064 |MIL-D-16627 Std Dye, Red (dark red color)
O is Acid 10

D0034 |Para M LA-6-225

D0035_|Pyrazole Anthrone LA-6-228

D0037 [R1187 Violet Dye, DuPont, RDA 435

D0038_|R5054 Benzanthranone RDA 451 Composite

D0039 [Red 6820 00 624 3503

Red Dye (McAll
D001
D0068 _|Red Dye, MIL-D-16627 (2)

Smoke Yellow | is anthrarufin dry, LA-6-193

Violet PA2491, 74.52% Pure, 0.8% VOC @ 70deg C | |




File ~—ESB Lable AKA Ci# CAS# _ |Wavemax
5001 |1.6 Diphenxon Quinon Dry Grd LA-6-209 EET ]
D0010 . |Anthracene, 480 Lot # enzene Soluable CRC) - /A - 120-12-7 |
D0011 Azosol Brillant Yellow GGF Dry, LA-6-223
D0012 __|Baghouse Test Dye Fluorscein
D0013  [Benzan Crude B Dry Grd LA-6-207

Benzan Crude B, Dry Grd LA-6-207 (large bottle)

Benzan Purf Dgrd LA-6-208

Brombenzan Grd LA-6-224

D0019 __ |Calco Oil Scarlet, 69493

D0029 HVT-Yellow-GK is Indanthrene Yellow GKA Powder, LA-6-191

D0030 _|Ind Gold Yel GKAC, LA-6-211

D0031 Oil Scarlet 1370, Peerless Color

D0036 |R1184 Yellow Dye RDA 4486, 744-443-505

B

D

D0047  |Smoke Yellow B-10

D0048  |Smoke Yellow B-11

50051 |Stearated Yellow Chrome, From MK-12 Marine Location Marker —
D0054 Transketon Y. LA-6-227_

D0056 | Yellow. 50029 -  Anthraguinone

D0057

>4Cr207 Pigment (HNO3 Soluabie)




|

June 16, 1999

RE: DYE PROJECT

Karen,

Enclosed is the beginning of the information I am going to send you about what the lab has done
so far. This information was gather in the initial evaluation of the dyes in our possession.
Analytical conditions are as follows:

Instrumentation:

Waters 996 Photodiode array detector (scan 210-700 nm)
Waters 600 pump

Column: Alltech C8, 4.6 x 250 mm

Flow: 1.0 mL/min

Mobile Phase: 60:40 Acetonitrile: 20 mM KH,PO, @ pH=3.4

I put dyes that we determined as identical next to each other and labeled the lead chromatogram
with the identification, CI #, and CAS #. 1didn’t staple things together in case you wanted to
compare spectra. At the very end are the unknowns without any duplicates. Please note that
Sudan Scarlet 6G (D0053) was initially identified as Solvent Orange 7 after a literature search.
After comparing the spectra to other dyes identified as Solvent Orange 7, it is obviously not the
same thing. I do not know if you ever got the updated Jist with that error corrected.

More to come.

Jacquelyn Karty
NSWC Crane
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ATTACHMENT Il - STANDARD SEARCH

This attachment details the sources of the standards used during the method development phase. The
following dyes were evaluaied during method development but were not included in the final target
compound list due to poor analytical and/or extraction perfarmance:

Pigment Red 1 (could not be dissolved in measurable concentrations in water)

Smoke Dye (could not be dissolved in measurable concentrations in water)
Spectra for these compounds were added to the spectral library; however, it is not expected that these
compounds can be recovered in the samples. I these compounds are present, quantification will be

performed using a single point calibration.

Also included in this attachment is specific chemical information found during the Internet search.

100007/P Att-HI-1 CTGO 0010



SUMMARY OF CHEMICAL INFORMATION FOR DYES
SWMU 2 - DYE BURIAL GROUND
NSWC CRANE, INDIANA

Dye Name CAS # Crane Agronym Color Color Index # Dye Classification Trade/Chemical Name Formula Labsit;r;;iard
Water Soluble Dyes
Acid Blue 1 129-17-9 AB1 blue 42045  [Triaryimethane Alphazurine 2G Co7HaiNNa0g5; ACROS
Acid Blue 9 3844-45-9 AB9 42090 Triaryimethane Alphazurine FG CarHauN;Na,0,8, | Abbey Color
Acid Blue 45 2861-02-1 AB45 blue 63010 Anthraquinone C, HgNoNa 0,8, Aldrich
Acid Red 64 ARB4 red ACROS
Acid Yellow 3 8004-92-0 AY3 yellow 47005 Quincline Quinaline yellow C1gHgNNa;0,, 5, ACROS
Acid Yellow 23 1934-21-0 AY23 yellow 19140 Monoazo Tartrazine CgHgN, Na;0,5, ACROS
Acid Yellow 73 518-47-8 AY73 yellow(F) 45350 Xanthene Fluorescien CaoH1oNa;05 ACROS
Acid Orange 10 1936-15-8 AQ10 orange 16230 Monoazo Orange G C.gHigN:Na,0,5;|  ACROS
Basic Yellow 2 2465-27-2 BY2 yeliow 41000 Diphenyimethane Auramine hydrochloride Cy7HzCIN, ACROS
Basic Violet 10 81-88-9 BV1Q pink(F) 45170 Xanthene |Rhodamine B CagH3,CINO, ACROS
|Organic Soluble Dyes
1-Aminoanthraquinone |  82-45-1 1-AQ orange 37275 Anthraguinone 1-aminoanthraquinone C1aHgNO, ACROS
2-Aminoanthragquinone | 117-79-3 2-AQ orange Anthragquinone 2-aminoanthraquinone C4HgNQ; Aldrich
Disperse Blue 14 2475-44-7 DB14 blue 61500 Anthraquinone Celliton Fast Blue B CigH1aNO; Aldrich
Disperse Red 9 82-38-2 DR9 red 60505 Anthraquinone 1-(methylamino)anthragquinone CysH N, Aldrich
Disperse Violet 1 128-95-0 DV purple 61100 Anthraguinone 1,4-diaminoanthraquinone CiaH N0, Aldrich
Pigment Red 1 6410-10-2 PR1 orange 12070 Monoazo 1-{4-nitrophanylazo)-2-naphthol CigH11N3Oa Fisher Scientific
Smoke Dye 81-64-1 SD red streak 58050 Anthraquinone Quinizarine C14He0,4 ACROS
Solvent Green 3 128-80-3 S5G3 blue 61565 Anthragquinone Quinizarine green CoghaaNzOp ACROS
Solvent Qrange 3 495-54.5 503 ofange Monoazo Chrysoidine Y base CyoHyoN, Abbey Color
Solvent Orange 7 3118-97-6 s07 red/orange 12140 |Monoazo Calco Qil Scarlet (Sudan I1) CigHgN2O ACROS
Solvent Red 1 1229-55-6 SR1 red 12150 Monoazo 1-(2-methoxyphenyiazo)-2-naphthol Ci7H14N20; TCH
Solvent Red 24 85-83-6 SR24 red 26105 Disazo Oil Red (Sudan iV} CaHzxNO ACROS
Solvent Yellow 2 60-11-7 Syz2 yallow 11020 Monoazo Dimsthylaminocazobenzene CyaHysNg Phaltz & Bauer
Solvent Yellow 3 97-566-3 8Y3 yaliow 11160 Monoazo Fast Garnet gbc base CiaHisNy ACROS
Solvent Yellow 14 842-07-9 SY14 orange 12055 Monoazo Sudan | CiaHiN0 Aldrich
Solvent Yellow 33 8003-22-3 SY33 yeliow 47000 Quincline Quinoline ysliow CigHyNO; ACROS

02/28/00



Qrganic Dyes

Lab # Source{Ordered?) Recelved (Y/N Name Other Name CAS# Ci¥ Type Physical Properties
Std(D0003) Aldrich(YES) Y Disperse Biue 14 1,4-bis(mathylamino)anthraquinone 2475-44-7| §1500 |Anthraquinone 266.3
Std(D0045) Aldrich(YES) Y Disparse Red 9 1-rnethylaminoanthraguinona 82-38-2 | 80505 |Anthraguinons 237.3)|
h Aldrich{YES) Y Disperse Violet 1 1 4-diaminoanthraquinone/Solvent violet 11 128-35-0 | 61100 [Anthraquinone| 238.3|
Std ACROS(YES) Y Anthracens 120-12-7 | N/A | Anthracene 17823}
Std ACROS({YES) Y Azoic Diaza Component 38 1-amincamhraquinone B2-45-1 | 37275 |Anthraquinone 223.23
Std ACROSIYES) Y Benzanthrone 82-05-3 | N/A  |Anthraquinons 230.27
Std ACROS(YES) Y Smoke Dye (orange) Quinizarin 81-64-1 | 58050 |Anthraguinane] 240.21
Std ACROS(YES) Y Solvent Green 3 Quinizarine Green, 85 128-80-3 | 81565 |Anthraquinone, 4185
Std ACROS(YES) Y Solvent Orange 7 Sudan i 3118-97-6| 12140 | Monoazao 276.34
. Abbey Color{YES) Y Solvent Crange 3 495-54-5 [11270B| Monoazao 212
d ACROS(YES) Y Soivent Yellow 3 2-amincazotoluene 97-56-3 | 11160 | Monoazao 225.29
- Aldrich{YES) Y Soivent Yellow 14 Sudan | B42-07-9 | 12055 | Monoazao 248.28
Std(D0050) ACROS(YES) Y Solvent Yellow 33 Quinoline Yellow, spirit sciuble B8003-22-3| 47000 [ Quinoline 273.3
- Ptanz & Bauer(YES) Y Solvent Yellow 2 Butter Yellow 60-11-7 | 11020 | Monoazao 225.29
- Pfaitz & Bauser{ordersd) |N Solvent Violet 13 Alizurine Purple $8/Quinizarin Blue B1-48-1 | 80725 |Anthraguinon, 329 25
TCHYES) Y Sotvent Red 1 Sudan R 1229-55-6| 12150| Monoazao 278.3
Std ACROS(YES) Y Solvent Red 24 Sudan IV 85-83-6 | 26105 Disazo 380.45
TCHYES) Y Indanthrene Yellow 129-09-3 Anthraguinone! 4746
Fisher Scientific(YES) |Y Pigmant Red 1 6410-10-2| 12070 | Monpazao 293.28
ha Aldrich({YES) Y Vat Biue 1 Indigo 482-89-3 | 73000 Indigoid 262.27
Std (DO00S5) Not found N Vat Yellow 4 Anthravat goldent yellow 12B8-66-5 | 59100 |Anthraquinone 332.36
51d {D0002) Plaliz and Bauer(ordered)N 1.4-Diamino-2,3 dihydroanthraquinone B1-63-0 ;| N/A |Anthraguinone 240.26
- Aldrich(YES) Y 2-Aminoanthradguinone 117-78-3 | N/A_ |Anthraguinone R23.23
Italics indicate used as smoke dyes




Water-Soluble Dyes
Lab # Source{ordered?) Received (Y/N] Name Other Name CAS# Cl# Type
** Aldrich(YES) Y Acid Blue 45 2861-02-1/63010| Anthraquinone
Std  |ACROS(YES) Y Acid Blue 1 Blue V 129-17-8 | 42045 [Triphenylmethane,
Abbey(YES) Y Acid Blue 9 3844-45-9| 42090
Std  |ACROS(YES) Y Acid Orange 10 |Orange G 1936-15-8 16230| Monoazao 452
Std {ACROS(YES) Y Acid Red 64 Mcnoazao
Std |ACROS(YES) Y Acid Yellow 3 |Quingline Yellow, water solubld 8004-92-0| 47005 Quincline 579.41
Std  |ACROS(YES) Y Acid Yellow 23 |Tartazine 1934-21-0| 18140 Monoazao 534
Std  |ACROS(YES) Y Acid Yellow 73 |Fluoresceine 518-47-8 145350 Xanthene 376
Std  |ACROS(YES) Y Basic Violet 10 |Brilliant Rhodamine 81-88-9 145170 Xanthene 478
Std  |ACROS(YES) Y Basic Yellow 2 |Auramine O 2465-27-2141000| Ketone Imine | 303.83
Pfaltz and Bauer(ordered) |N Anthrafurin 1,5-dihydroxyanthraquinone | 117-12-4 Anthraquinone | 240.21




-

Unknown Dyes

Organic Dyes

Lab # Source Received (Y/N} Name Other Name CAS# Cl# Type
Do001 UNK N 1,8-Diphenol Quinon UNK UNK UNK |392
Doo18 UNK N Bromobenzan UNK UNK UNK | 242
D0O034 UNK N Para M UNK UNK UNK 240
D0o051 UNK N Stearated Yeliow Chrome UNK UNK UNK
D0053 UNK N Sudan Scarlet 6G Soivent Orange 7/Sudan Il 3118-97-6] 12140 Monoazao| 276
Do0o54 UNK N Transketon possibly same as Acid Red 64 UNK UNK UNK (222
Water-soluble Dyes

Lab # Source Name Other Name CAS# Cl# Type
D0037 UNK N Violet UNK UNK UNK | 240
DO036 UNK N Yellow UNK UNK UNK
D0035 UNK N Pyrazole Anthrone UNK UNK UNK
DoC16 Abbey Color Y MIL-D-16627 Blue contains Alphazurine B and Acid Fast Violet BG| UNK UNK UNK
00025 UNK N FEAA UNK UNK UNK
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orange G [1936-15.8)

Synonyms: C.1. 16230; Acid orange 10; C.L acid orange 10; 7-hydroxy-8-(phenylazo)-1,3-
Naphthalenedisulfonic acid, disodium salt; 2-Hydroxy-1-phenylazo-6,8-naphthalenedisulfonic acid,
disodium salt; 1-phenylazo-2-naphthol-6,8-disulfonic acid, disodium salt; acidal fast orange; acid
fast orange egg; acid fast orange g; acid leather orange kg; acid leather orange pgw; acid light orange
g; acid light orange j; acid light orange ja export; acid light orange sx; acid orange g; acid orange 2g;
acid orange gg; acilan orange gx; apocid orange 2g; atul acid crystal orange g; brasilan orange 2g;
bucacid fast orange g; calcocid fast light orange 2g; certicol orange gs; cetil light orange gg; C.I. 27;
C.I. acid orange 10, disodium salt; C.I. food orange 4; colacid orange g; crystal orange 2g; d & ¢
orange no. 3; eniacid light orange g; erio fast orange as; fast light orange ga; fast light orange ga-cf;
fast orange g; hexacol orange gg; hidacid fast orange g; hidacid fast orange 2g; hispacid fast orange
2g; java orange 2g; kiton fast orange g; Ink Orange JSN; intracid fast orange g; naphthalene fast
orange 2g; naphthalene fast orange 2gs; naphthalene orange solide gg; neklacid fast light orange gg;
neklacid fast orange 2g; orange #10; 1370 orange; orange bpc; orange 2g; orange g bpc; orange gg;
orange gmp; schultz no. 39; solar light orange gx; standacol orange g; straight orange g; sulfacid
light orange j; tertracid light orange g; unitertracid light orange g; vendacid light orange 2g; wool
orange g; wool orange 2g; xylene fast orange g; Wood Orange 2G; Orange G, high purity biological
stain
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More informotion about this compound is available from

Acid Dyes
Acros Chemicals Catalog (with MSDSs)
QOrange G, high purity biological stain
Orange G, certified
Avatlable Chemicals Exchange
Information about this particular substance
i Berkeley Carcinogenic Potency Database —
Dudley Chemical Corporation
Information about this particular substance
Electron Microscopy Sciences
Information about this particular substance
IARC Evaluations of Carcinogenicity to Humans
i WISDS archive at the University of Utah
Information about this particular substance

(/P(ational Toxicology Program (NTP) publications

Information about this particular substance
~INTP Chemical Health and Safety Data

Information about this particular substance

ProSciTech
MSDS

Uses

Page 2 of 2

Return to searching

http://www.chemfinder.com/cgi-win/cfserver.exe/
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Auramine O 7 .
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Auramine O [2465-27-2)

Synonyms: Basic yellow 2; Auramine hyvdrochloride; 4,4'-bis(dimethylamino)benzhydrylidenimine
hydrochloride; 4:4'-bis lmetﬁyiamlnoiEenzopEenone-imine hydrochloride; C.I. 41000; C.1. basic
yellow 2; adc auramine o; aizen auramine; aizen auramine oh; auramine al; auramine fa; auramine
lake yellow o; auramine n; auramine ii; auramine fwa; auramine 0-100; auramine chloride; auramine
on; auramine 00; auramine 000; auramine os; auramine sp; auramine yvellow; 1,1-bis(p-
dimethylaminophenyl)methylenimine hydrochloride; calcozine yellow ox; C.1. basic yellow 2,
monohydrochloride; mitsui auramine o; 4,4'-(Imidocarbonyl)bis(N,N-dimethylaniline)
monohydrochloride; Pyoctanunum aureum; Pyoktanin Yellow; Canary Yellow; Auramine O,
biological stain

C17H5,CINg
303.83
NH
- ?'?( (a': e -
L 4eoC" s N

hY |

" 4 s you seteoh by drawinh | e L a e
W Fa) structures in your web browser.

u vﬁ Have you dowml.oudeﬁ ' H——ClI l

it yet?

267
- <0.1g/100mL at 18 C
SERTECS BY3675000

Yellow flakes or powder. Certified by the Biological Stain Commission for
staining acid-fast bacteria in sputum or in paraffin sections of infected tissue.

Cheminfo Scarching is foster and more powerful. Click Here.

More information about this compound is available frem

Available Chemicals Exchange
Information about this particular substance
Berkeley Carcinogenic Potency Database
Chemicals Inspection and Testing Service, Japan: Biodegradation and Bioaccumulation Data of
Existing Chemicals T
Information about this particular substance
Dudley Chemical Corporation

Electron Microscopy Sciences
Information about this particular substance
EPA facisheets for regulated chemicals

Information about this particular substance

http://www.chemfinder.com/cgi-win/cfserver.exe/ 5/1 2/99



Auramine O

Existing Chemicals: Literature Reviews and Evaluations

Information about this particular substance
Guide to NIOSH/OSHA Air Sampling Methods

Information about this particular substance
MSDS archive at the University of Utah

Information about this particular substance
NTP Chemical Health and Safety Data

Information about this particular substance
Picatinny Arsenal

Information about this particular substance

ProSciTech

UMCEP Partial list of mutagens

Return to searching

http://www.chemfinder.com/cgi-win/cfserver.exe/
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Rhodamine B ‘ o, , Page 1 of 2
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Rhodamine B [81-88-9]

Synonyms: Tetraethylrhodamine,hydrochloride; D&C Red No. 19; C.1. Food Red 15; Rhodamine B
Extra; Rhodamine; C.I. Basic Violet 10; Basic Violet 10; C.I. 45170; 9-(2-carboxypheny!)-3,6-bis
(diethylamino)xanthylium chloride; C Red Number 19

C,5H3,CIN; 04
479.02

Q "w\ This picture is a

tive chemical image

The ChemDraw Plugin

iets you search by drawing
structures in your web browser.
Have you downloaded

it yet?
<
210-211 .
Evaporation Rate - -
FachPonr (O S -
DOT Number - RTECS 4 BP3675000

[ I fficient laser dye for pulsed and CW operation.

Cheminfo Scaorching is faster and more powerful. Click Here.

More information about this compound is available from

8(e) TRIAGE Chemical Studies Database
ABCR GmbH&Co KG
Rhodamine B
ATSDR Internet HazDat Site Contaminant Query
Information about this particular substance
Available Chemicals Exchange
Information about this particular substance
California EPA List of Lists
Current List of Toxics Release Inventory Chemicals
Dudley Chemical Corporation
Information about this particular substance

Environmental Science Center database of Experimental Log P coefficients, with Ozone Depletion

Potentials and Atmospheric Oxidation Rates
Information about this particular substance

http://www.chemfinder.com/cgi-win/cfserver.exe/ 5/12/99



Rhodamine B

Existing Chemicals: Literature Reviews and Evaluations
Information about this particular substance
Fluorochromes
IARC Evaluations of Carcinogenicity to Humans
MSDS archive at the University of Utah
Information about this particular substance
NASA Department of Environmental Services List Of Lists of Regulated Chemicals
Information about this particular substance
Information about this particular substance
National (Canada) Pollutant Release Inventory
NIST Chemistry WebBook
Information about this particular substance
OSHA Chemical Sampling and Methods
Information about this particular substance
Picatinny Arsenal
Information about this particular substance
Titie 1T List of Lists
TRI Chemicals in other Federal Programs: Regulatory Matrix
University of Califorma-Riverside list of compounds that must be reported

Page 2 of 2

Return to searching

http:/fwww.chemfinder.com/cgi-win/cfserver.exe/
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2-Aminoanthraguinone

T WA CREINNGET CORC R1 =TV CISErver . exe’

ChesrnNew s Com

[117-79-3]

Synonyms: AAQ); 2-amino-9,10-Anthracenedione; aminoanthraguinone; 2-amino-9,10-anthraquinone;

beta-anthraquinonylamine; beta-aminoanthraguinone
C 14H9N02
223.23

This picture 1s &

lets you search by drawing
structures in your web browser.
Hawve you govnilonde:;

it yet?

Spacific Gravity —
-

303-306
(subl)

DOT Number
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&7 structural descriptors for NTI compounds

Availabie Chemicals Fxchange

Information about this particular substanes
Berkelev Carcinogenic Potency Database
California EPA List of Lists

HH

/

\

CB5120000

Insoluble, <0.1 g/100 mL at 17 C

Chemicaly
intormation about this particular substance
Current List of Toxics Release Inventory Chemicals
EPA facisheets for reoutated chemicals
Information about this particular substance
Uxisiinge Ohemicals: Literaiure Beviews snd Fyalugiiony
Information about this particular substance

IARC baaluanons of Carcinogenicity w Humans

/20/99 2:47 PM



plips www chemdinder.com/cgl-win/cfserver.exe.

information about Uus particular substance

NTP Chemical Health and Safety Daia
Information about this particular subsiance
Picatinny Arsenal
[nformaton abeut this particular subsiance
Procedures for handbing carcinosens at Rochester
Protocol Anglytical Supplies. Inc. Single-component siandards
Spectrum Laboratories Inc,
Information about this particular substance
Titie 1T List of Lists
TRI Chemicais in other Federal Programs: Reogulatory Martrix
UMCE Select list of carcinogens

University of Califormia-Riverside list of compounds that must be reported

Return 1o seurching
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CambridgeSoft Chernbneer. Covn Llreams Store.Com LChemNews.Conm Chemtivb.Com
ChemQuote Cam Lheyn A CX Lo SciStore Com LobEgwin, Com Chesn Sell Conrr

Enter a chentical name, CAS Number. molecular formula, or
molecular weight

|

Substructure Query with Plug-In or Substructure Query with Java

2,4-Diaminoazobenzene [495-54-5]
Synonyms: 4-(Phenylazo)-1,3-benzenediamine; Chrysoidine Y base;
C12H12N4
212.2536
HoN NHy
N
= | =

11027140 495-54-5
_ Vapor Density

Vapor Pressure
Water Solubility

PA Codo

omments

Add Property

offo
9
=
o
3
g
4

Chaminfo Searching is faster and more powerful. Click Here.

More information about this compound is availabie from

Add Link

Health
8(e) TRIAGE Chemucal Studies Database

Physical Properties

http://www.chemfinder.com/result.asp 3/27/00
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NIST Chemistry WebBook
Information about this particular compound

Retumn to searching

ChemBuote.Lom Chemd CX. Lo SciSioee.Com LabEgwip.Com ChevSedi. Conm
CombridgeSoft ChermFitrder.Corn: Chem Siore. Com ChemNews.Com ChamClub.Com
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Sudan II Page 1 of 2

CombyidoeSeft  Chenfinge:. Gon {hamALX . .Com  ChemSoreLom Chemdub.Com ChemNews.Com

[3118-97-6]

Sudan 11

‘Synonyms: C.I. Solvent Orange 7; 1-[(2,4-dimethylphenyl)azo]-2-Naphthalenol; C.I. 12140; 1-(2,4-
Dimethylphenylazo)-2-naphthol; Solvent Orange 7; Oil Red XO; 1-(2-Hydroxy-1-naphthylazo)-2,4-

dimethylbenzene
Cl SH] 6N20
276.34

structures in your web browser.
Have you downloaded

it yet?

This picture is 8 / \
live chemical image d}‘
The ChemDraw Plugin N
lets you search by drawing "o

156-158 -
DOT Nomber - ARSI Q15850000

Chominfo Scarching¥s#ustor and more powerful. Click Here,

Mere information alibist this compoynd is evailable from

ABCR GmbH&Co KG
Sudan II, 98%

a\/féros Chemicals Catalog (with MSDSs)

Sudan I1

California EPA List of Lists

Current List of Toxics Release Inventory Chemicals

JARC Evaluations of Carcinogenicity to Humans

Japanese Cosmetic Color Index :
Information about this particular substance

NASA Department of Environmental Services List Of Lists of Regulated Chemicals
Information about this particular substance

National (Canada) Pollutant Release Inventory
i NIST Chemistry WebBook

Information about this particular substance

Title III List of Lists
TRI Chemicals in other Federal Programs: Regulatory Matrix

I e LRI

http://www.chemfindcr.com/cgi-win/cfserver.exe/ 3/30/99
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Quinoline Yellow [8004-92-0)

Synonyms: E 104; C.I. Acid Yellow 3; C.I. 47005; D&C Yellow No. 10; Acid Yellow 3; Food
Yellow 13; Quinoline Yellow, water soluble; Quinoline Yellow WS; Sodium 2-(1,3-dioxoindan-2-
yhquinolinedisulfonate; 2-(1,3-Dioxoindan-2-yl)quinolinedisulfonic acid sodium salt

- GC5796000

Chomlinfo Scarching is fastor and more poworful. Click Hero.

More information about this compeound is availoble from

Available Chemicals Exchange

Information about this particular substance
Dudley Chemical Corporation

Information about this particular substance
Existing Chemicals: Literature Reviews and Evaluations

Information about this particular substance
Japanese Cosmetic Color Index

Information about this particular substance

Return to searching

-
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- Fluorescein, sodium denvative. sodium salt Page 1 of 2

Fluorescein, sodium derivative, sodium salt [518-47-8)

Synonyms: C.1. acid yellow 73; Scap yellow; C.1. 45350 disodium salt; Soluble fluorescein;
Fluorescein Sodium,; 3',6'-dihydroxyspiro[isobenzofuran-1(3H),9'-(9H)xanthene]-3-one, disodium
salt; Fluorone; fluorescein, disodium salt; 9-o0-carboxyphenyl-6-hydroxy-3-isoxanthone, disodium
salt; disodium 6-hydroxy-3-oxo-9-xanthene-o-benzoate; sodium salt of hydroxy-o-carboxy-phenyl-
fluorone; sodium fluoresceinate; aizen uranine; calcocid uranine b4315; certiqual fluoresceine; C.1I.
766, C.1. 45350 sodium salt; d&c yellow no. 8; fluorescein sodium b.p; fluorescein, water soluble;
fluor-i-strip a.t.; ful-glo; funduscein; furanium; hidacid uranine; resorcinol phthalein sodium;
Uranine A Extra; Uranine O; Uranine SS; Uranine USP XII; Uranine WSS, Uranine Yellow; 11824
yellow; 12417 yellow; Acid Yellow 73; Uranine; C.1. 45350; Dihydroxyspiro[isobenzofuran-1
(3H),9'-(9H)xanthen]-3-one disodium salt; Yellow no. 8; 3,6-Dihydroxyxanthene-9-spiro-1'-3'H-
isobenzofuran-3'-one; 3,6-Dihydroxyxanthene-9-spiro-1'-3'H-isobenzofuran-3'-one disodium salt;
3',6'-Dihydroxy-spiro[ 3H-isobenzofuran- 1,9'-xanthen]-3-one disodium salt; 9-(o-Carboxyphenyl)-
3,6-dihydroxyxanthylium disodium salt; Uranine K; 3,6-Dihydroxyxanthene-9-spiro-1'-3'H-
isobenzofuran-3'-one dipotassium salt; 9-(o-Carboxyphenyl)-3,6-dihycroxyxanthylium dipotassium
salt; Fluorescein W/S

C0H,oN2,05

376.28

315-395 -
- >=10 g/100 mL at 20 C
- LM5425000

Orange-red powder. HYGROSCOPIC. Water flow patterns.

Chemlinfo Searching is faster and more powerful. Click Here.
Meorc information about this compound is evailable from

3D Molecuiar Modeling Homepage of Tokyo University of Pharmacy and Life Science
Information about this particular substance
ABCR GmbH&Co KG
Fluorescein, sodium salt
~Fluorescein disodium salt, 98+%
Acid Dyes
Acros Chemicals Catalog (with MSDSs)
Fluorescein, disodium salt dihydrate, 90% (UV-VIS)
—Fluorescein, disedium salt
ATSDR Internet HazDat Site Contaminant Query
-~ Information about this particular substance
Dudley Chemical Corporation
- Information about this particular substance
Information about this particular substance
- Fels Limited
Japanese Cosmetic Color Index
— Information about this particular substance
MSDS archive at the University of Utah
~ Information about this particular substance

http:/f/www chemfinder.com/cgi-win/cfserver.exe/ 2/11/99



- juuresceill, soaIum aenvauve, sodium salt

National Toxicology Program (NTP) publications
.~ Information about this particular substance

: /NTP Chemical Health and Safety Data
Information about this particular substance

USEPA / OPP's Chemical Ingredients Database
~Information about this particular substance

Page 2 of 2

Return to searching

http://www.chemfinder.com/cgi-win/cfserver.exe/

2/11/99
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Suciar . [85-83-6)

Synanyie: O Hedy Seerlot Fed: 1-[[2-methyl-4-[(2-methylphenyl)azo)phenyl]azo)-2-
Naphiha! cn'”: 1oSolve Red 24: C1.26105: Scarlet Red Scharlach; 1-[2-Methyl-4-(2-
methviphensiaro;-henyio o - Z-naphthol; Solvent Red 24; Lipid crimson; Oil Red BB; 4-(2-
Hydroxy-i-n km,ul-_.lazo:a_, -cimethylazobenzene; Scarlet Red N.F

O N T

~30.4:

HQO
This picture is a | _ / \ J—
Ly chemical image 1% N H{S’” N
Slow b tines gat vou down?
Try Chiointo bad. Web Edition
wd speed 1 v oar chemical scarching

19¢ Specific Gravity -
260 Vupor Density -
-- Water Solubility -

QL5775000

ABCR Gmbt1e0 0 KG
) Scarker foud
Acros Chemicais Catalog owvith MSDSs)
Such TV }‘5‘:1]_13@1" hiological stain
Sudar 1V C;':'liﬁ_ﬁ(i. 250 (UV VIS_)
1/?16:7111 FRENS ‘:‘:%':n anc. . osiing Service, Japan: Biodegradation and Bioaccumulation Data of
Xisting Ciemicalh
imforradan about i s particular substance
Dudicy ('n-."r;iv;!! Corpor: o
inforration sbout = rarticular substance
IARC Evaluations of Care vopenicity to Humans
Japanese e Color edex
Infopraon about Hhs particular substance
MSDS arcii vt tiie Univarsity of Utah
]nu‘-r_-.'ﬂi:‘!‘: about ks particular substance
[/_Pf@fﬁ'ci'i‘cc’t

Proton M cral Me st Formula Index
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FD&C Yellow No. 5

[1934-21-0]

Synonyms: Tartrazine; Food Yellow No.4; C.I. 19140; Acid Yellow 23; Filter Yellow; 4,5-dihydro-
5-ox0-1-(4-sulfophenyl)-4-[(4-sulfophenyl}azo]- IH-Pyrazole-3-carboxylic acid, trisodium salt;
Dihydro-5-oxo-1-(4-sulfophenyl)-4-((4-sulfophenyl)azo)-1H-pyrazole-3-carboxylic acid, trisodium
salt; Pyrazole-3-carboxylic acid, 4,5-dihydro-5-0xo0-1-(4-sulfophenyl)-4-((4-sulfophenyl)azo)-,
trisodium salt; Tartrazine C; Trisodium 1-(4-sulfophenyl)-4-((4-sulfophenyl)azo)- 1H-pyrazole-3-
carboxylate; Trisodium 1-{4-sulfonatophenyl)-4-(4-suifonatophenylazo)-5-pyrazolone-3-
carboxylate; C.I. Acid Yellow 23; Tartrazine C.1.19140

C1 6H9N 4Na30982
534.36

This picture is a ”
v ical irios

The
lets you search by drawing
structures in your web browser.

Have you downloaded

it yet?

o s/'
A

Na*

-- Specific Gravity
- Vapor Density

Water Solubility
-- EPA Code

-

HYGROSCOFIC.

UQ6400000

Cheminfo Searching is faster and more powsrful. Click Here. -

More information about this compound iz availeble from

8(e) TRIAGE Chemical Studies Database

ABCR GmbH&Co KG
Tartrazine, 98%

Acid Dyes

Acros Chemicals Catalog (with MSDSs)
Tartrazine

Australian approved food additives

Avaijlable Chemicals Exchange

http://www.chemfinder.com/cgi-win/cfserver.exe/

3/31/99




.. .D&C Yellow No. 5 Page 2 of 2

. Information about this particular substance
"/Berkclcv Carcinogenic Potency Databasc
California EPA List of Lists
Center for Food Safety & Applied Nutrition
Information about this particular substance
L'Qﬁemicals Inspection and Testing Service, Japan: Biodegradation and Bioaccumulation Data of
Exisung Chemicals
Information about this particular substance
Dudley Chemical Corporation
Information about this particular substance
Food Color Facts
Japanese Cosmetic Color Index
Information about this particular substance
«.}‘\NASA Department of Environmental Services List Of Lists of Regulated Chemicals
Information about this particular substance
Information about this particular substance
Phys. Nutrition Encyclopedia
Information about this particular substance
X UMCEP Partial list of teratogens
US EPA Status of Pesticides in Registration (in PDF format)
wUSEPA / OPP's Chemical Ingredients Database
! Information about this particular substance
UWI-Mona Chemistry Lectures
Information about this particular substance

Retuin to searching

http://www.chemfinder.com/cgi-win/cfserver.exe/ 3/31/99
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CambridgeSoft Chmspinne Con Chea S2oce Loy Cha N s, Cose Chemiivh,Com
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Enter a chemical name, CAS Number, molecular formula, or
molecular weight

Substructure Query with Plug-In or Substructure Query with Java

FD&C Blue
No. 1

Synonyms: Brilliant biue FCF; Food Blue No.1; Brilliant blue FCF, disodium salt;
Benzenemethanaminium, N-ethyl-N-[4-[[4-[ethyl{(3-sulfophenyl)methylJamino]phenyl](2-sulfophenyl
methylene]-2,5-cyclohexadien-1-ylidene}-3-sulfo-, inner salt, disodium salt; Erioglaucine disodium sali
C.I. 42090; Alphazurine FG; Acid Blue 9, disodium salt; Erioglaucine; Food Blue 2; Disodium bis[4-(1
ethyl-N-3-sulfonatophenylmethyl)aminophenyl]-2- sulfonatophenylmethylium; Bis[4-(N-ethyl-N-3-
sulfophenylmethyl)aminophenyl]-2-sulfophenylmethylium disodium salt, Erioglaucine disodium salt
(C.I1. 42090);

[3844-45.

C37H34NyN8, 0,5,
792.84314
. 1,
\\S 3/7
o\ 7 e
Na' o o t
11005351 EELTH> 3344-45-9
283
HESEE- B()4725000
Coloring.
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Add Property

Page 2 of 3

Cheminfo Seorching is faster and more powerful. Click Here.

More information about this compound is availabic from

Chemical Online Order
Available Chemicals Exchange
Information about this particular compound

Health .
ATSDR Internet HazDat Site Contaminant Query

Information about this particular compound

Berkeley Carcinogenic Potency Database

Center for Food Safety & Applied Nutrition
Information about this particular compound
8(e) TRIAGE Chemical Studies Database

IARC Evaiuations of Carcinogenicity to Humans

Misc
Dudley Chemical Corporation
Information about this particular compound

Japanese Cosmetic Color Index

Information about this particular compound
UWI-Mona Chemistry Lectures

Information about this particular compound

Pesticides/Herbicides
USEPA / OPP's Chemical Ingredients Database
Information about this particular compound

Regulations
NASA Department of Environmental Services List Of Lists of Regulated Chemicais

Information about this particular compound
California EPA List of Lists

Australian approved food additives

http://www.chemfinder.com/result.asp
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Usage
Preservatives
Food Color Facts

Return to searching
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9.10-Anthracenedione, 1,4-bis[{(4-methylphenyl)amino]- Page 1 of 2

A et e 5T frewm Crane Lol %
CombwidgeSoft ChemBnder.Con  ChemACK.Com ChemStore Com ChemCub.Com ChemNews.Com
9,10-Anthracenedione, 1,4-bis[(4-methylphenyl)
. [128-80-3]
amino]-

Solvent Green 3: 1,4-Bis(p-tolylamino)anthraquinone; C.I. 61565; Oil Green G; C.I.

Synonyms: : 62 \
Solvent Green 3; Quimzarine Green SS; D & C Green No.6; 1,4-Bis(p-toluidino)anthraquinone
C28H22N202
418.49
<
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X x®
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. Q This picture is a
a_\ f live chemical image
’ 0 " HN
B The ChemDraw Plugin
lets you search by drawing
structures in your web browser.
Have you downloaded
it yet?
Melting Point ('C) SPPLUPP] -
Boiling Point (*C) ke -
RESEEE- CB5775000

DOT Number -
Comments 4

ll Chominto Scarching Is fastor and meore powerful. Click Here.

Morc information about this compound iz evailable from

Available Chemicais Exchange
Information about this particular substance
Japanese Cosmetic Color Index

Information about this particular substance
Skyment Pigments
Web Molecules (in VRML)

Information about this particular substance

http://www.chemfinder.com/cgi-win/cfserver.exe/?128-80-3 5/12/99



Disperse Violet 1 Page 1 of 1
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CambridgeSolft ChemFinder.Com ChamACX.Com ChemStore.Com ChemCOub.Com ChemNews.Com
Disperse Violet 1 [128-95-0)
Synonyms: 1,4-Diaminoanthraquinone
C 1 4H] ONZOZ
238.25
0 NH
‘g
Py q_u " " ( This picture is a
\ .\'kf live chemical image
A ..' / '\-\
. L] Chemlnfo Ltd. Web Edition l |
“\“ . Co;fcrsFyog th&t sal;gc data \
as the Chem T Wel X
A\\‘ with }':stcer ncm:!:sc ll.‘i’r::;: /
- and more powerful searching.
o NH,

Evaporation Rate - -~
Flosh Paint ('C) - -

Chemlinfo Scarching is faster ond mere powerful. Click Here.

Morc information about this compound is available from

ABCR GmbH&Co KG
1,4-Diaminoanthraquinone, tech., 90%
Available Chemicals Exchange
Information about this particular substance
Environmental Science Center database of Experimental Log P coefficients, with Ozone Depletion
Potentials and Atmospheric Oxidation Rates
Information about this particular substance
Existing Chemicals: Literature Reviews and Evaluations
Information about this particular substance

NIST Chemistry WebBook
Information about this particular substance

Return to searching
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Disperse Rec © [82-38-2]

Synonyms: 1-(N-Methvlamino)-9.10-anthraquinone; 1-(Methylamino)anthraquinone

\
/

~ Thispictureis a '
tive chemical image l

/
\

The ChemDraw Plugin

lets you search by drawing
structures in your web browser.
Heve you downloaded o HN.

it yet?

Melting Point {"C) ol Specific Gravity -
Boiling Point ("C) =2 Vapor Density -
Water Solubility -
- PA Code -
-
T

1
I

Cheminfo Scorchii

poworful, Click Horo.

Morc informationisbaitthis compabrd is availablc from

Environmental Science Center database of Experimental Log P coefficients, with Ozone Depletion
Potentials and Atmospheric Oxidation Rates
Information about this particular substance
+NIST Chemistry WebBook
Information about this particular substance
Proton NMR Spectral Molecular Foriula Index
Information about this particular substance

Return 1o searching
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Celliton Fast Blue B [2475-44-7]

Synonyms: 1.4-Bis(methylamino)anthraguinone
C.H NO

16714 22
266.30
-
8] NH
%\E Em RS @um Y
This picture is a /
Slow search times got you down? \
Try Chemlnfo Ltd. Web Edition
and speed up your chemical searching. o NH
/
Melting Point (C) S -
Bailing Point ('C) S -
- Water Seolubility --
Flash Point {'C} - EPA Code -
DOT Number - RTECS gy
A blue dye

Chominfo Searching is faster and more powerful. Click Here.

More information about this compound iz available from

Available Chemicals Exchange
Information about this particular substance

Return to searching

o,
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Poehlein Sara K CNIN

From: Puckerin, Betty [BPuckerin@Ampacet.com]
Sent: Tuesday, July 27, 1999 2:25 PM

To: 'Poehlein Sara K CNIN'

Subject: RE: dyes

So far...

The identification does not identify the material. It sounds like an
internal code of some sort. I'm still iooking for General Dye stuff. One
supplier gave the name of @ company that disposes their "unknown™ stuff.

ADIRONDACK LAB
TCLT test done to determine toxicity
518-434-4546

Testing tends to be expensive. it's a start. They may be able to answer
some of your testing questions. Still looking.

Betty

> --—Original Message-——

> From: Poehlein Sara K CNIN [SMTP:poehiein_sara@crane.navy.mil]
> Sent: Tuesday, July 20, 1999 9:38 AM

> To: Betty Puckerin (E-mail)

> Subject: dyes

>

> Betty,

>

> | have some questions about dyes. Respond to this email if you get this
> and

> | will call you.

>

> sara

e IR Quichec
Qutedn et
ek M‘Mu*



Hawman Forrest J CNIN

From: George Baughman [GBAUGHMA@hestia.fcs.uga.edu]
Sent: Tuesday, August 03, 1999 4:31 AM

Jo! hawman_forrest@crane. navy.mil

Subject: Dye Info

Your D011 is a solvent dye, probably Solvent Yellow 44 which is
Azosol Brilliant Yellow BGF. If s0, it is the same as Disperse
Yellow 11. The DO0S3 is probably Sovent Crange 7. | could find
nothing on the others. General Dyestuff corp. was a New York Co.
it may have become GAF. You might call Dr. Reiff at home 908-
349-3230. He is an old guy who will talk your ear off but he knows
more about the dye industry than anyone else ! know. Don't call
Tue or Thur.Tell him | referred you. The other names are probably
not commercial names.



Hawman Forrest J CNIN

From: Atut Americas [aai@bellsouth.net]
Sent: Thursday, January 28, 1999 8:51 AM
To: Hawman Forrest J CNIN

Subject: dye analysis information

Dear Sir,

We refer to your E-mail received today. This office is a

marketing/sales office for the dyes and chemcials that we manufacture in
India. We do not have any manufacturing facilities here in the US and
we therefore, do not have any support staff in terms of chemcial
analysis, etc. in the US. We regret we were unable to help you in this
situation.

Best Regards,

Atul Americas Inc.




Fax

Name:
Organization:
Hauax:

Phonc:

From:

Drute:

Sukjooct:
Fagos: i

Clo rarmasnLg s
13r. Majoaki,

Iv. Ed Majeski
Pifallz & Bauer
203-574-3181)
2035750075
Jacguolyn Kty
June 15, 1999
Dyas

Attuched jv a list o F the dyes thar we have inour ab,. The *T.abel and Manufacturer' columin is
what is physically wriltcia on the bottles. ‘1he “Fossible LD colunun is what swe think they arc

afler going through our 1963 version of the Colour Indes,
Mititary speciflications (MIL-12 oy Mif-Std). Woe have uscd these to help identify some of th
You have boen provided with everylhing wo know about the dyes on gur shoelven.

[s LZC

Back ground:

1 adso inchaded the copies of thoe

Tetweon 1940-150635 dycs used in production on cantcr were buried as a ineans of disposal. The
dycs vwe have in houso may or may not be what is actually ou thore. The dyea we have in houxe
we samples takon ol ouy production liges that were opernted at thae time.

We are now trying w0 develop e mcthod for analyzing and guantilating the amount of dyec out

thery, We o irying to use HPLC wilth a photodiode array detector to do thie.

We arc currently

working on a meethod that will at least scparale the dyca we have in housao (if you have any
muiggestions, they wauld be VERY much appreciated).

Tetre Tech wanted us to conimct you about obaining dycs standards.

Their idea is © catogorize

the dyea by type (i.e. monoazo, diazo, triphenytnicthanc, anthragquinonsa, xunthone). Vhey want
us 1o oblain one dye standarcd for ocach: of categoriea that is certificd (krovwn

detection limits, methad detection limits, and Y4 recovery studies. Do 3y ou bave vy chyes dant
wioruld moct their requiremonta”? I was spocifically interestod in Acid Yellow 73, Acid "Yollaw
23, Acid Blue 1, Sulvent Orange 7, Dasic Violot 10, and Solvent Red 24

antowt uf dye) to dao
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Fax

Name: Linda Karsonovich
Orgunization: Tatra Tech NUS
Fax: 412-921-4040
FPhome: 4+ 12-921-87T29
Fromi Jacquelyn Vurhaucy
Date: NMay 9, 1999
Subject: IDye Projeot

Pagoen: 15

Commeonts: Attached is the MIL-D-16627 spccification. As you can see, MIL.-D- 16627 is &
ecombination of 5 dycea. The standards wo have in house are for the individual colors (ic. we
have MIL-IJ-16627 blue color which is & mix of Alphazurine B and Acid Fast Violet BG, ote),

-Fnlluwl ng the apeclficavion is a copy of the pagoes ouwt uf the " 1963 Supploment tor Revised
Commercia] Names- Colour Index™ whore I had initially identified Alphamaine B amnd Acid Faost
Vicolot B as Acid Blue 26 wind 34,

‘The last attachment is from the 1956 cdition of the Colour Tndex which T did not look tharvsgh
untl recently. There again it identitles the trade rismces as boing dic onos 1 listeld above.
[Yowever, it contains the conversion table from the old 3 digit CI maumbera to the new 3§ digit €1
aumbcr. It idontifics Acid Fast Violet BG (old CT 699) ax being Acid Blue 75. Cilven thia
discrepancy, T feel we should lvave MIL-ID-16627 bluc color as is and not Ty to apply -
name/CAS # to it without known standards to verify the (13, R

Somry to add o the confusion.

Jackie

TRANSMISSION REPORT

THIS DOCUMENT WAS CONFIRMED
(REDUCED SAMPLE ABOVE - SEE DETAILS BELOW)

%% COUNT %k
TOTAL PAGES SCANNED
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16
16
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Fax

Name: Dr. Ed Majeski
Organization: Pfaltz & Bauer
Fax: 203-574-3181
Phone: 203-574-0075
From: Jacquelyn Karty
Date: June 15, 1999
Subject: Dyes

Pages: 1

Comments:

Dr. Majeski,

I think there may have been a misunderstanding on what I meant when I said “certified dyes.”
We are looking for dyes that you can provide us with a certificate of analysis for. That way we
will know exactly how much is dye and how much is by-products/fillers. This will satisfy the
EPA’s requirement for quantitative analysis. We do not care if the dye was made synthetically or
naturally. Just as long as it is the same chemical structure as the ones in our list.

All of the fax that I sent you last week did not go through. I sent the entire documentation
through the mail. I hope you have received it by now. If not, let me know.

Thank you,

Jacquelyn Karty

Chemist

ESB-NSWC Crane Division
812-854-3143
vorhauerjj@crane.navy.mil ]
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CALIBRATION STUDY



ATTACHMENT IV — CALIBRATION STUDY

Included in this attachment is an overview of the calibration information from the method validation phase.

The calibration information includes percent relative standard deviations (%RSDs), retention times,
continuing calibration verifications (CCVs), and the analytical sequences for both the short and long

gradients.

INITIAL CALIBRATIONS - RELATIVE STANDARD DEVIATIONS

SW 846 Method 8000 Section 7.5 specifies a %RSD less than 20% as a criterion for determining linearity.
In cases where one or more analytes exceeds 20% RSD, the initial calibration may still be acceptable if
the mean of the RSD values for ail analytes in the calibration is less than or equal to 20%. Both the long
and short gradient calibrations meet this criterion for acceptance.

The laboratory used a linear calibration model for the compounds. SW846 Method 8000 Section 7.5.2
specifies that the correlation coefficient (r) must be greater than or equal to 0.99. Both the long and short
gradient calibrations meet this criterion for acceptance.

Included in this section are summary tables for both the long and short gradient highlighting %RSD,
correlation coefficient, and coefficient of determination information for each compound. The calculations

to support each summary table are also included.

Long Gradient

Two dyes Acid Blue 45 (26.5%) and Solvent Red 24 (47.0%) exceeded the 20% acceptance criterion.
However, the mean %RSD is only 7.2%. Correlation coefficients are 0.99 or better for all compounds.

The initial calibration is acceptable for identification and quantitation of the compounds.

Short Gradient

Two dyes, Acid Red 64 (43.6%} and Solvent Red 24 (26.7%) exceeded the 20% acceptance criterion.
However, the mean %RSD is only 5.9%. Caorrelation coefficients are 0.99 or better for all compounds.

The initial calibration is acceptable for identification and quantitation of the compounds,

100007/P Att-IV-1 CT0 0010




CONTINUING CALIBRATION VERIFICATIONS (CCV) - PERCENT DIFFERENCES

SW 846 Method 8000 Section 7.7 specifies an acceptance range of +/- 15% from the initial calibration
factors as a criterion for verifying the validity of the initial calibration over time. In keeping with the
approach for initial calibrations, if the average of the response for all analytes is within 15% of the initially

established values, then the initial calibration has been verified to be acceptable.

Included in this section are four summary tables. The first tables {one each for shont and long gradient)
depict the percent drift (area of ICAL versus area of CCV) and percent difference {amount ICAL versus
calculated amount CCV). Also included in the tables are the retention times and retention time windows.
The second tables {one each for short and long gradient) depict the percent differences for each CCV
over time. This demonstrates the stability of the initial calibration over the length of the analytical

sequence.

Long Gradient

All average continuing calibration percent differences (%Ds) were within the +/- 15% acceptance range.
In general, individual %Ds were within the +/- 15% range except for Acid Blue 45 (%D = 31.6%, 24.3%,
and 24.2%), Acid Yellow 23 (%D = 34.4% and 40.5%), Disperse Violet | (%D = 23.2% and 25.5%), and
Solvent Red 24 (%D = 6.4%). The continuing calibration standards successfully verified the validity of the
initial calibration over a seven day period Due to poor response of the compound, the Laboratory remade
the standard for Acid Red 64 {AR64)} and analyzed the initial calibration curve for this compound at the
end of the analytical sequence. Therefore, continuing calibration data for this compound are not

available.

Short Gradient

All average continuing calibration %0s were within the +/- 15% acceptance range. (n general, individual
%Ds were less than 15% except for Acid Yellow 23 (%D = 15.8% and 73.1%), Disperse Violet | (%D =
23.1%, 24.8%, and 25.7%), Acid Yellow 3 (%D = 26.7%), and Solvent Green 3 (%D = 19.5% and 20.7%).
The continuing calibration standards successfully verified the validity of the initial calibration over a 10 day
period. Due to poor response of these compounds, the Laboratory remade the standards for AR64, Acid
Blue 45 (AB45), and Solvent Red 24 (SR24) and analyzed the initial calibration curve for these
compounds at the midpoint of the analytical sequence. Therefore, continuing calibration data for these
compounds are not available.
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RETENTION TIMES

The laboratory evaluated the performance of two chromatographic columns, Water's Xtera column and
Varian's Microsphere column. The Xtera is suitable for use in the pH range of 2 to 10 and is better able
than the Microsphere column to iclerate the pH of the sample extracts. The Microsphere column
performs well for short periods of time but does not have the ruggedness to last for the length of an entire

analytical sequence.

Two grapbs are included in this section. The long gradient graph shows the elution order of the
compounds cn the Xtera column. Compounds with similar heights co-elute or elute very closely on the
chromatograph. The short gradient displays the same information. However, included on this graph are

the results for the Microsphere column

As shown below, there are 3 pairs of dye constituents that may co-elute for the long and short gradient
methods. Co-elution is highly dependent on the age and condition of the analytical column. The co-
eluting compounds differ for the two gradient methods. If any of the co-eluting dyes are detected, they
will be quantified by the gradient method in which they do not co-elute. The continuing calibration
verification standards will be used to assess co-elution throughout the analytical sequence.

Long Gradient

The Crane Laboratory provided a table of the retention times for each dye standard. Resolution of the

compounds is good with the possible following exceptions:

Acid Yellow 3 (Peak 1) 14.813
Acid Red 64 14.923
Acid Blue 9 22.626
Disperse Violet | 22.685
Basic Violet 10 36.254
Solvent Yellow 3 36.396

The long gradient methed will be used to identify and quantitate any positive results found during the
short gradient analysis for aquecus samples and co-sluting dyes tfor soil samples. If co-eluting peaks are
present in the long gradient chromatograms, those compounds will be guantitated using the short

gradient results
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Short Gradient

Resolution of the compounds is good with the following possible exceptions,

Disperse Red 9 20.419
Benzanthrone (surrogate) 20.5

Solvent Yellow 14 24.530
Solvent Red 1 24.741
Solvent Green 3 31.219
Solvent Red 24 31.255

Resolution of the dye compounds by the short gradient method is sufficient to identify the presence of dye
compounds. Where target compounds are present, the sample extracts will be quantitated by the long
gradient method for both aguecus samples and co-eluting dyes for soil samples.

Tables Contained in Attachment IV

Table IV - 1 Initial Calibration Summary for the Long Gradient
Table IV - 1A | RSD Calculations for the Long Gradient )
Table IV -2 Initial Calibration Surmary for the Short Gradient

Table IV - 2A RSD Calculations for the Short Gradient

Table IV - 3 HPLC Run Sequence for the Long Gradient

Table IV - 3A | Percent Difference and Percent Drift for the Long Gradient CCVs
Table IV - 3B Long Gradient Percent Differences Qver Time

Table iV - 4 HPLC Run Sequence for the Short Gradient

Table {V - 4A Percent Difference and Percent Drift for the Short Gradient CCVs
Table IV - 4B Short Gradient Percent Differences QOver Time

Table V-5 Retention Time Graph Long Gradient

Table IV -6 Retention Time Graph Short Graident

100007/P Att-IV-4 CTO 0010



TABLE V-1

INITIAL CALIBRATION SUMMARY FOR THE

LONG GRADIENT

DYE RSD RA2 R
ACID BLUE 45 26.5 | 0.992128] 0.996056
ACID YELLOW 23 45 | 0.999995 | 0.999997
ACID YELLOW 73 0.7 | 0.999983 | 0.999991
ACID ORANGE 10 3.8 | 0.099974 | 0.990987
ACID BLUE 1 0.7 | 0.099985 | 0.999992
BASIC YELLOW 2 3.1 0.999917 | 0.999958
DISPERSE VIOLET 1 13 | 0.999827 [ 0.999914
SOLVENT YELLOW 33 44 | 0.999652 | 0.999826
DISPERSE BLUE 14 8.4 | 00975181 0.998908
ACID RED 64 10.9 | 0.999007 | 0.899503
ACID BLUE 9 2.3 | 0.099878 | 0.999939
BASIC VIOLET 10 3.6 | 0.999847 | 0.999923
2-AMINOANTHRAQUINONE 1.9 | 0.999865 | 0.999932
SOLVENT ORANGE 3 28 | 0.999842 ] 0.999921
1-AMINOANTHRAQUINONE 26 | 0.999803 | 0.999902
SOLVENT YELLOW 14 27 | 0.999876 | 0.999938
SOLVENT ORANGE 7 13 | 0.999757 | 0.999878
ACID YELLOW 3 12.4 | 0.099565 | 0.099783
SOLVENT YELLOW 3 31 0.999607 | 0.999533
BENZANTHRONE 29 | 0.999306 | 6.999653
ANTHRACENE 4.4 | 0.999812 | 0.959906
SOLVENT RED 1 12.0 | 0.991517 | 0.995750
DISPERSE RED 9 45 | 0.999859 | 0.999929
SOLVENT YELLOW 2 16 | 0.999349] 0.999974
SOLVENT GREEN 3 17.8 | 0.980733| 0.990320
SOLVENT RED 24 47.0 | 0.995607 | 0.997801
AVERAGE %RSD 7.2
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TABLE IV-1A

RSD CALCULATIONS FOR THE LONG GRADIENT

PAGE 1 OF 3
Dye Units AB45 AY23 AY73 AO10 AB1 BY2 DV1 SY33 DB14
Level 1 ug/mL 2.325 2513 2.263 2.513 2.663 2.313 1.626 1.748 1.869
Level 2 ug/mL 4.650 5.025 4.525 5.025 5.325 4.625 3.253 3.495 3.738
Level 3 ug/mt 9.300 10.050 9.050 10.050 10.850 9.250 6.505 6.990 7.475
Level 4 ug/mi 18.600 20.100 18.100 20.100 21.300 18.500 13.010 13.980 14.950
Level § ug/mL 37.200 40.200 36.200 40.200 42.600 37.000 28.020 27.960 28.800
Vol Inj ul 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Mass 1 ug 0.02325 | 0.02513 0.02263 § 0.02513 | 0.02663 | 0.02313 | 0.01626 | 0.01748 0.01869
Mass 2 ug 0.0465 0.05025 0.04525 | 0.05025 | 0.05325 | 0.04625 [ 0.03253 | 0.03495 0.03738
Mass 3 ug 0.093 0.1005 0.0905 0.1005 0.1065 0.0925 0.06505 0.0699 0.07475
Mass 4 ug 0.186 0.201 0.181 0.201 0.213 0.185 0.1301 0.1398 0.1495
Mass 5 ug 0.372 0.402 0.362 0.402 0.426 0.37 0.2602 0.2796 0.299
Area 1 20474 62722 297418 68241 193542 12494 71634 68606 53545
Areg 2 75401 136019 589586 144068 383837 25600 141972 142878 105535
Area 3 163913 276126 1184169 | 293902 766740 52347 283266 290972 221889
Area 4 369962 558545 2386132 | 594451 1552268 105944 571245 592682 467538
Area 5 650194 1125841 | 4807228 [ 12075563 | 3118063 [ 216620 1171309 | 1235940 | 1034010
CF (1) 880602.15 | 2485901.3 | 13142643 | 2715519.3| 7267818.3 | 540164.29 ] 4405535.1 | 3924828.4 | 2864901
CF (2} 1621526.91 2706845.8 | 13029525 | 2867024.9 1 7208206.6 | 56563513.51 | 4364340.6 | 4088068.7 | 2823301.2
CF (3) 1762505.4 | 2747522.4 | 13084740 | 2924398 [ 7199436.6 | 565913.51 | 4354588.8 | 4162689.6 | 2968414.7
CF (4) 1989043 | 2778830.8| 13183050 | 2957467.7 | 7287643.2 | 572670.27 | 4390814.81 4239499.3 | 31273445
CF (5) 1747833.3 | 2800599.5 | 13279635 | 3003863.2 | 7319396.7 | 585459.46 | 4501571.9] 4420386.3 | 3458227.4
Avg CF 1.600E+06] 2.706E+06] 1.314E+07| 2.894E+06 | 7.257E+06| 5.635E+05( 4.403E+06 | 4.167E+06] 3.048E+06
(CF (1)-CF (AVG)H"2 5.180E+11]4.412E+10] 1.628E+06| 3.173E+10( 1.281E+08| 5.466E+08] 4.687E+06] 5.869E+10( 3.369E+10
(CF {2)-CF {AVGHn2 4 505E+08] 8.205E+05] 1.309E+10) 7.091E+08| 2.332E+09) 1.006E+08| 1.523E+08] 6.245E+08] 5.069E+10
(CF (3)-CF (AVG))"2 2.631E+10| 1.729E+09| 3.502E+09| 9.452E+08 | 3.266E+09| 5.614E+06 | 2.3B0E+09 1.940E+07 [ 6.404E+09
{CF (4)-CF (AVG))"2 1.511E+11| 5.313E+09| 1.531E+08| 4.072E+09} 9.699E+08| 8.328E+07 | 1.576E+08]| 5.242E+09]| 6.226E+09
CF (5)-CF (AVG))}n2 2.177E+10] 8.960E+08] 1.842E+10] 1.215E+10] 3.956E+09| 4.803E+08| 9.644E+09| 6.416E+10] 1.679E+11
SUM CF-CF(AVG) 7.176E+11]| 6.012E+10| 3.654E+10] 4.960E+10} 1.064E+10[ 1.216E+09| 1.371E+10] 1.344E+11| 2.649E+11
SD 4.236E+05| 1.226E+05] 9.558E+04} 1.114E+05( 5.158E+04 | 1.744E+04 | 5.854E+04| 1.833E+05] 2.574E+05
RSD 26.5 4.5 0.7 3.8 0.7 3.1 1.3 4.4 8.4




TABLE IV-1A

RSD CALCULATIONS FOR THE LONG GRADIENT

PAGE 2 OF 3
Dye Units AR64 AB9 BV10 2AQ S03 1AQ SY14 S07 AY3
Level 1 ug/mL 6.250 2.263 1.988 2.336 1.599 1.606 1.770 1.800 2288
Level 2 ug/ml_ | 12.700 4.525 3.975 4673 3.198 3.213 3.540 3.600 4575
Level 3 ug/mL_|_25.400 9.050 7.950 9.345 6.395 6.425 7.080 7.200 9.150
Level 4 ug/mL | 40.640 18.100 15.900 18.690 12.790 12.850 14.160 14.400 18.300
Level 5 ug/mL_| 50.800 | 36.200 | 31.800 | 37.380 | 25580 | 25.700 ] 2£8.320 28.800 36.600
Vol Inj ul 10,0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Mass 1 ug 0.0625 | 0.02263 | 0.01988 | 0.02336 | 0.01599 | 0.01606 | 0.0177 0.018 | 0.02288
Mass 2 ug 0.127 0.04525 | 0.03975 | 0.04673 | 0.03198 | 0.03213 | 0.0354 0.036 | 0.04575
Mass 3 ug 0.254 0.0905 | 00795 | 0.09345 | 0.06395 | 0.08425 | 0.0708 0.072 0.0915
Mass 4 ug 0.4064 0.181 0.159 0.1869 | 0.1279 | 0.1285 | 0.1416 0.144 0.183
Mass 5 ug 0.508 0.362 0.318 0.3738 | 0.2558 0.257 0.2832 0.288 0.366
Area 1 65898 110739 | 329081 64214 105092 | 33312 83139 58578 34252
Area 2 156724 | 226736 | 614912 | 125404 | 200310 | 63836 158551 | 117716 77982
Area 3 348308 | 471655 | 1276567 | 257183 | 414454 | 128644 | 326192 | 238461 | 176274
Area 4 543849 | 924707 | 2435154 | 493183 | 789587 | 248162 | 624582 | 460615 | 356826
Area 5 707350 | 1830689 | 4841233 | 996485 | 1587938 | 506560 | 1256235 | 945671 | 757215
CF (1) 1054368 | 4893460 | 16553370 | 2748887 | 6572357.7 | 2074221.7 | 4697118.6] 3254333.3] 1497028
CF (2) 1234047.2 { 5010740.3| 15469484 | 2683586.6 | 6263602.3 | 1986803.6 | 4478841.8] 3269888.9 | 1704524 6
CF (3) 1371291.3]5211657.5| 16057447 | 2752092 | 6480907 | 2002241.2 | 4607231.6| 3311958.3 | 1026491.6
CF (4) 1338211.11 5108878.5| 15315434 | 5638753.3| 6173471.5 | 1931221.8| 4410869.8 | 3198715.3 | 1949868.9
CF (5) 1392421.3] 5057151.9| 15224003 | 2665824 | 6207732.6] 1971050.6 | 4435858.1 | 3283579.9 | 2068893.4
Avg CF 1.278E+06| 5.056E+06 | 1.572E+07 | 2.698E+06 | 6.340E+06| 1.993E+06 | 4.526E+06] 3,.264E+06] 1.829E+06
(CF (1)-CF (AVG)*2 5.004E+10] 2.654E+10| 6.879E+11 | 2.607E+09] 5.417E+10] 6.579E+09] 2.929E+10| B5.764E+07 | 1.104E+11
(CF (2)-CF (AVG))*2 1.938E+09] 2.083E+09] 6.475E+10} 2.028E+08 | 5.778E+08| 3.974E+07 | 2.223E+09| 3.836E+07| 1.558E+10
(CF (3)-CF (AVG))"2 8.691E+09! 2.411E+10} 1.112E+17| 2.945E+09] 1.996E+10] 8.342E+07 | 6.601£+09| 2.329E+09 ] 9.434E+09
(CF (4)-CF (AVG))*2 3.617E+09] 2.756E+09] 1.669E+11] 3.490E+08| 2.760E+10| 3.830E+09 | 1.325E+10| 4.222E+09| 1.452E+10
(CF (5)-CF (AVG))*2 1.308E+10] 5.995E+05] 2.499E+11 | 1.024E+09 | 1.739E+10| 4.865E4+08] 8.123E+09 | 3.954E+08| 5.738E+10
SUM CF-CF(AVG) 7.736E+10] 5.549E+10] 1.281E+12] 1.027E+10] 1.249E+11| 1.102E+10] 5.948E+10| 7.073E+09] 2.074E+11
SD 1.391E+05] 1.178E+05] 5.65BE+05] 5.067E+04 1.767E+05] 5.249E+04| 1.219E+05] 4.205E+04 | 2.277E+05
RSD 10.9 2.3 3.6 1.9 2.8 2.6 27 1.3 12.4




TABLE IV-1A

RASD CALCULATIONS FOR THE LONG GRADIENT
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Dye Units 5Y3 BZ AN SR1 DR9 SY2 SG3 SR24
Level 1 ug/mL 1.888 1.520 2.596 2.899 1.651 1.995 1.838 0.710
Cevel 2 ug/mL_| 3775 3.040 5.193 5,798 3.303 3.990 3.675 1.136
Level 3 ugiml | 7.550 6.080 10.385 | 11.595 6.605 7.980 7.350 1.420
Level 4 ugmL | 15100 | 12.160 | 20770 | 23.190 | 13.210 | 15.960 ] 14.700 2.840
LCevel 5 ug/mL | 30.200 | 24320 | 41.540 | 46.880 | 26.420 | 31.920 | 29.400 5.680
Vol In] ul 10.0 10.0 10.0 10.0 10.0 10.0 10,0 10.0
Mass 1 ug 0.01888 | 00152 | 0.02596 | 0.02898 | 0.01651 | 0.01995 | 0.01838 | 0.0071
Mass 2 ug 003775 | 00304 | 005193 | 0.05798 | 003303 | 0.0399 | 003675 | 0.01136
Mass 3 ug 0.0755 | 0.0608 | 0.10385 | 0.11585 | 0.06605 | 0.0798 | 0.0735 | 0.0142
Mass 4 ug__ | 0.151 0.1216 | 0.2077 | 02319 | 0.1321 | 0.159 0.147 0.0284
Mass 5 ug 0.302 02432 | 04154 | 0.4638 | 02642 | 03192 0.294 0.0568
Area 1 130072 | 50312 | 2081462 | 111250 | 939277 | 128853 | 11307 6932
Area 2 253175 | 96428 | 3872277 | 212507 | 69625 | 258753 | 21901 15439
Area 3 499732 | 194499 | 7520808 | 430062 | 143151 | 518465 | 58249 18842
Area 4 1011441 | 394230 | 14996853 | 918500 | 293340 | 1055813 | 133853 | 75065
Area 5 2140858 | 820512 | 30532340 | 2245890 | 587088 | 2138953 | 216411 | 164040
CF (1) 7005932.2| 3310000 | 80179584 | 3837530.2 | 2378982.4| 6458797 | 615179.54 | 976338.03
CF (2) 6706622.5 | 3171973.7 | 74567244 | 3665177.6 | 2107932.2 | 6485037.6 | 595945.58 | 1359066.9
CF (3) 6618966.9 | 3198096.7 | 72419913 | 3734040.5 | 2167312.6 | 6497055.1 | 792503.4 | 1326901.4
CF (4) 6698284.8 | 3242097 | 79204396 | 3960884 | 2220590.5 | 6615369.7 | 910564.63 | 2643133.8
CF (5) 7088933.8] 3410802.4 | 73501059 | 4B42367.4 | 2222134.7 | 6700980.6 | 736091.84 | 2888028.2
Avg CF 6.824E+06| 3.267E+06| 7.457E+07 | 4.008E+06 2.219E+06 | 6.551E+06 | 7.301E+05| 1.839E+06
(CF (1)-CF (AVG))"2 3 319E+10) 1.868E+09] 3.142E+13 | 2.906E+710) 2.547E+10] B 564E+00] 1.3206+10] 7.437E+11
(CF (2)-CF (AVG))"2 1.372E+10| 8.988E+09] 5.177E+07] 1.175E+11] 1.242E+10| 4.4106+09] 1.799E+10] 2.300E+11
(CF (3)-CF (AVG)*2 4.104E+10| 4.594E+00 4.642E+12| 7.505E+10] 2.712E+09] 2.959E+09] 3.900E+09] 2.619E+11
(CF (4)-CF (AVG))*2 1.574E+10| 6.001E+08| 5.617E+12| 2.220E+00 | 1.440E+06 | 4.086E+09 | 3.258E+10] 6.471E+11
(CF {5)-CF (AVG))"2 7.032E+10] 2.075E+10] 1.150E+12| 6.962E+11 | 7.531E406 | 2.236E+10] 3.642E+07 | 1.101E+12
SUM CE-CF(AVG) 1.749E+11] 3.681E+10] 4.283E+13] 9.200E+11]| 4.061E410] 4.240E+10] 6.770E+10] 2.984E+12
SD 3.001E+05 | 9.593E+04 | 3.272E+06] 4.796E+05] 1.008E+05] 1.030E+05] 1.301E+05] B.637E+05
RSD 34 2.9 4.4 12.0 a5 1.6 17.8 47.0




TABLE IV-2

INITIAL CALIBRATION SUMMARY FOR THE SHORT GRADIENT

DYE RSD R* R

ACID BLUE 45 4.9 0.999667 | 0.099833

ACID YELLOW 23 3.8 0.999927 | 0.999964

ACID YELLOW 73 3.2 0.999931 0.999965

ACID ORANGE 10 25 0.999941 0.999970

ACID BLUE 1 34 0.999958 | 0.999979

BASIC YELLOW 2 3.3 0.999945 | 0.999973

DISPERSE VIOLET 1 2.0 0.999937 | 0.999969

SOLVENT YELLOW 33 24 0.099844 | 0.099922

DISPERSE BLUE 14 9.1 0.999258 | 0.999629

ACID RED 64 43.6 0.999835 | 0.999918

ACID BLUE 9 23 0.999917 | 0.999958

BASIC VIOLET 10 0.9 0.999980 | 0.999990

2-AMINOANTHRAQUINONE 1.7 0.999972 | 0.999986

SOLVENT ORANGE 3 1.9 0.999955 | 0.999978

1-AMINOANTHRAQUINONE 15 0.999962 | 0.999981

SOLVENT YELLOW 14 27 0.999948 | 0.999974

SOLVENT ORANGE 7 2.0 0.999725 | 0.099863

— ACID YELLOW 3 9.9 0.999651 0.999826

SOLVENT YELLOW 3 0.8 0.999920 | 0.999960

BENZANTHRONE 1.0 0.999896 | 0.999948

ANTHRACENE 6.5 0.996361 0.998179

SOLVENT RED 1 5.6 0.996954 | 0.998476

— DISPERSE RED 9 1.7 0.999865 | 0.999933

SOLVENT YELLOW 2 1.0 0.999881 0.999940

SOLVENT GREEN 3 101 0.988542 | 0.994255

SOLVENT RED 24 26.7 0.998030 | 0.999015
AVERAGE %RSD 5.9




TABLE IV-2A

RSD CALCULATIONS FOR THE SHORT GRADIENT
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Dye Units AB45 AY23 AY73 AO10 AB1 BY2
Level 1 ug/mL 4.075 1,620 2.623 3.938 3.189 1,683
Level 2 ug/mL 8.150 3.240 5.245 7.875 6.378 3.365
Level 3 ug/mL 16.300 5.480 10.490 15.750 12.755 6.730
Level 4 ug/mL 32.600 12.690 20.980 31.500 25510 13.460
Level 5 ug/mL 65.200 25.920 41.960 63.000 51.020 26.920
Vol Inj uL 10.0 10.0 10.0 10.0 10.0 10.0
Mass 1 ug 0.04075 0.0162 0.02623 0.03938 0.03189 0.01683
Mass 2 ug 0.0815 0.0324 0.05245 0.07875 0.06378 0.03365
Mass 3 ug_ 0.163 0.0648 0.1049 0.1575 0.12755 0.0673
Mass 4 ug 0.326 0.1269 0,2098 0.315 0.2551 0.1346
Mass & ug_ 0.652 0.2592 0.4196 0.63 0.5102 0.2692
Area 1 20353 34907 240207 44541 159419 6774
Area 2 44068 77312 490525 95159 315802 14798
Area 3 93177 148554 916212 181086 596326 28494
Area 4 180806 207225 1838949 365235 1193297 57860
Area 5 355914 597797 3673558 731506 2383748 116057
CF (1) 499460.1227 2154753.086 9157720.168 1131066.374 4999027.908 402495.5437
CF (2) 540711.6564 2386172.84 9352240.229 1208368.254 4951426.,78 430762.2585
CF (3) 571638.0368 2292500 8734146.806 1149752.381 4675233.242 423387.8158
CF (4) 554619.6319 2342198.582 8765247.855 1159476.19 4677761.662 429866.2704
CF (5) 545880.3681 2306315.586 8754904.671 1161120.635 4672183.457 431118.1278
Avg CF 542462.0 2296388.0 89526851.9 1161954.8 4795126.6 425326.0
(CF (1)-CF (AVG))® 1,849E+09 2.006E+10 4.197E+10 9.547E+08 4.158E+10 5.212E+08
(CF (2)-CF (AVG)Y’ 3.064E+06 8.061E+09 1.595E+11 2 154E+09 2.443E+10 2.084E+08
(CF (3)-CF (AVG))° 8.512E+08 1.512E+07 4.7B3E+10 1.489E+08 1.437E+10 3.757E+06
(CF (4)-CF (AVG))? 1.478E+08 2.099E+09 3.520E+10 6.143E+06 1.377E+10 2.061E+07
(CF (5)-CF (AVG))? 1.169E+07 9.856E+07 3.918E+10 6.958E+05 1,512E+10 3.355E+07
SUM CF-CF(AVG) 2.863E+09 3.033E+10 3.237E+11 3.265E+09 1.093E+11 7.876E+08
SD 2.675E+04 8.708E+04 2.845E+05 2.857E+04 1.653E+05 1.403E+04
RSD 4.9 3.8 3.2 2.5 3.4 33




TABLE IV-2A

RSD CALCULATIONS FOR THE SHORT GRADIENT
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Dye Units DVi SY33 DB14 AR64 AB9 BVi0
Level 1 _ug/mL 3.059 1,531 1.873 2688 2.694 1.846
Level 2 ug/mL 5.118 3.063 3.745 5.375 5.388 3.693
Level 3 ug/ml 12.235 6.125 7,490 10.750 10.775 7.385
Level 4 ug/mL 24.470 12.250 14.980 21.500 21,550 14.770
Level 5 ug/mL 48.940 24.500 29.960 43.000 43.100 29.540
Vol inj ul 10.0 10.0 10.0 10.0 10.0 10.0
Mass 1 ug 0.03059 0.01531 0.01873 0.02688 0.02694 0.01846
Mass 2 ug 0.06118 0.03063 0.03745 0.05375 0.05388 0.03693
Mass 3 ug 0.12235 0.06125 0.0749 0.1075 010775 0.07385
Mass 4 ug 0.2447 0.1225 0.1498 0.215 0.2155 0.1477
Mass 5 ug 0.4894 0.245 0.2996 0.43 0.431 0.2954
Area 1 54369 59867 29917 9457 84798 181479
Area 2 114417 125526 68731 48700 175671 354721
Area 3 219259 236371 113873 142268 354069 717232
Area 4 443122 492432 224086 306100 722168 1431144
Area 5 892675 987078 448138 655279 1425390 2839805
CF (1) 1777345538 3910320.052 1597977.096 351822.9167 3147661.47 9830931 744
CF (2) 1870169.99 4098139.079 1835273.698 906046.5116 3260412.027 9605226.103
CF (3) 1792063.752 3859118.367 1520333.778 1323423.256 3286023.202 9712010.833
CF (4) 1810878.627 4019853.061 1495901.202 1423720.93 3351127.61 9689532.837
CF (5) 1824019.207 4028889.796 1495787.717 1523904 651 3307169.374 9613422.478
Avg CF 1814895.4 3983264 1 1688914.7 1105783.7 3270478.7 9690224.8
(CF (1)-CF (AVG))® 1.410E+09 5.321E+09 6.993E+07 5.685E+11 1.508E+10 1.980E+10
(CF {2)-CF (AVG))? 3.055E+09 1.320E+10 6.069E+10 3.989E+10 1.013E+08 7.225E+09
(CF {3)-CF (AVG))® 5.213E+408 1.541E+10 4.703E+09 4.737E+10 2.416E+08 4.746E+08
(CF {4)-CF (AVG))® 1.613E+07 1.339E+09 8.652E+09 1.011E+11 6.504E+09 4.788E+05
(CF {5)-CF (AVG))® 8.324E+07 2.082E+09 8.673E+09 1.748E+11 1.346E+09 5.899E+09
SUM CF-CF(AVG) 5.086E+09 3.735E+10 8.279E+10 9.316E+11 2.328E+10 3.340E+10
SD 3.566E+04 9.663E+04 1.439E+05 4.826E+05 7.628E+04 9.137E+04
RSD 2.0 24 9.1 43.6 23 0.9




TABLE 1V-2A

RSD CALCULATIONS FOR THE SHORT GRADIENT
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Dye Units 2AQ S03 1AQ 8SY14 so7 AY3
Level 1 ug/ml 1.656 1.868 2.264 1.769 2,599 1.865
Level 2 ug/mL 3.313 3.735 4.528 3.538 5,198 3.730
Level 3 ug/mL 6.625 7.470 9.055 7.075 10.395 7.460
Level 4 ug/mL 13.250 14.940 18.110 14.150 20.790 14.920
Level 5 __ug/mb 26.500 29.880 36.220 28.300 41.580 29.840
Vol Inj uL 10.0 10.0 10.0 10.0 10.0 10.0
Mass 1 ug 0.01656 0.01868 0.02264 0.01769 0.02599 0.01865
Mass 2 ug 0.03313 0.03735 0.04528 0.03538 0.05198 0.0373
Mass 3 ug 0.06625 0.0747 0.09055 0.07075 0.10395 0.0746
Mass 4 ug 0.1325 0.1494 0.1811 0.1415 0.2079 0.1492
Mass 5 ug 0.265 0.2988 0.3622 0.283 0.4158 0.2984
Area 1 49116 816396 26143 71925 65421 8047
Area 2 94369 157094 51896 136428 125962 19235
Area 3 193120 315344 100584 274309 255823 38427
Area 4 391756 630089 204490 556024 531268 80918
Area b 784621 1242751 409092 1100042 1036435 169039
CF (1) 2965942029 4373447.537 1154726.148 4065856.416 2517160.448 431474 .5308
CF (2) 2848445.518 4205997.323 1146113.074 3856105.144 2423278.184 515683.6461
CF (3) 2915018.868 4221472.557 1110811.706 3877158.011 2461019.721 515107.2386
CF (4) 2056649.057 4217463.186 1129155.163 3929498.233 2555401.635 542352.5469
CF (5) 2060833.962 4159139.893 1129464.384 3887074.205 2492628.668 566484.5845
Avg CF 2929377.9 4235504.1 1134054.1 3923138.6 2489897.7 514220.5
(CF (1}-CF (/-WG))2 1.337E+09 1.903E+10 4.273E+08 2.037E+10 7.433E+08 6.847E+08
(CF {2)-CF (AVG))? 6.550E+09 8.706E+08 1.454E+08 4,493E+09 4,438E+09 2.141E+06
(CF (3)-CF (AVG))2 2.062E+08 1.969E+08 5.402E+08 2.114E+09 8.339E+08 7.863E+05
(CF (4)-CF AVG)) 7.437E+08 3.255E+08 2.400E+Q7 4.044E+07 4.291E+09 7.914E+08
(CF (5)-CF (AVG)) 9.895E+08 5.831E+09 2.107E+07 1.301E+09 7.458E+06 2.732E+09
SUM CE-CFAVG) 9.826E+09 2.625E+10 1.158E+09 2.832E+10 1.031E+10 1.037E+10
sD 4.956E+04 8.101E+04 1,701E+04 8.414E+04 5.078E+04 5.092E+04
RSD 1.7 1.9 15 2.1 2.0 9.9
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TABLE IV-2A

RSD CALCULATIONS FOR THE SHORT GRADIENT
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Dye Units SY3 BZ AN SR1 DR9 SY2
Level 1 ug/mb 4.286 2.431 2.889 2115 1.663 1.846
Level 2 ug/mb 8.573 4.863 5.778 4.230 3.325 3.693
Level 3 ug/mL 17.145 9,725 11.555 8.460 6.650 7.385
Leve! 4 ug/mL 34.290 19.450 23.110 16.920 13.300 14.770
Level 5 ug/mL 68.580 38.900 46.220 33.840 26.600 29.540
Vol Inj ul 10.0 10.0 10.0 10.0 10.0 10.0
Mass 1 ug 0.04286 0.02431 0.02889 0.02115 0.01663 0.01846
Mass 2 ug 0.08573 0.04863 0.05778 0.0423 0.03325 0.03693
Mass 3 ug 0.17145 0.09725 0.11555 0.0846 0.0665 0.07385
Mass 4 ug 0.3429 0.1945 0.2311 0.1692 0.133 0.1477
Mass 5 ug 0.6858 0.389 0.4622 0.3384 0.266 0.2954
Area 1 105190 40659 1668117 79076 30282 109307
Area 2 209982 81235 3251082 160077 59503 219452
Area 3 423110 163006 6500055 319538 116659 432025
Area 4 841355 326355 12582937 6541285 231919 870153
Area 5 1713016 666137 22516633 1438477 472735 1774359
CF (1) 2454269.715 1672521.596 57740290.76 3738817.967 1820926.037 5921289.274
CF (2) 2449340.954 1670470.903 56266562.82 3784326.241 1789563.91 5942377.471
CF{3) 2467833.188 1676154.242 56253180.44 3777044.17 1754270.677 5850033.852
CF {4) 2453645.378 1677917.738 54448018.17 3790100.473 1743751.88 5891354.096
CF (5) 2497836.104 1712434.447 48716211.6 4250818.55¢ 1777199.248 6006631.686
Avg CF 2464585.1 1681899.8 54684852.8 3868221.6 1777142.4 5922337.3
{CF (1)-CF (AVG))2 1.064E+08 8.795E+07 9,336E+12 1.675E+10 1.917E+089 1.098E+06
{CF (2)-CF (AVG))2 2.324E+08 1.306E+08 2.502E+12 7.038E+09 1.543E+08 4.016E+08
(CF (3)-CF (AVG))2 1.055E+07 3.301E+07 2.460E+12 8.313E+09 5.231E+08 5.228E+09
(CF (4)-CF {A\;’G))2 1.197E+08 1.586E+07 5.609E+10 6.103E+09 1.115E+09 9.600E+08
(CF (5)-CF (AVG))2 1.106E+09 9.324E+08 3.562E+13 1.464E+11 3.237E+03 7.106E£+09
SUM CF-CF(AVG) 1.575E+09 1.200E+09 4.998E+13 1.846E+11 3.709E+09 1.370E+10
SD 1.984E+04 1.732E+04 3.535E+06 2.148E+05 3.045E+04 5.851E+04
RSD 0.8 1.0 6.5 5.6 1.7 1.0




TABLE IV-2A

RSD CALCULATIONS FOR THE SHORT GRADIENT
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Dye Units SG3 SR24
Level 1 _ug/mL 2.054 0.710
Level 2 ug/mL 4.108 0.852
Level 3 ug/mL 8.215 1.420
Level 4 _ug/mL 16.430 2.840
Level 5 ug/mL 32.860 5.680
Vol Inj ub 10.0 10.0
Mass 1 ug 0.02054 0.0071
Mass 2 ug 0.04108 0.00852
Mass 3 ug 0.08215 0.0142
Mass 4 ug 0.1643 0.0284
Mass 5 ug 0.3286 0.0568
Area 1 14304 7310
Area 2 27088 11099
Area 3 53783 21584
Area 4 104765 50598
Area 5 173087 118757
CF{1) £96397.2736 1028577.465
CF (2) 659396.2999 1302699.531
CF (3) 654814.364 1520000
CF (4) 637644.5526 1781619.718
CF (5) 526740.7182 2090792.254
Avg CF 634588.6 1544937.8
(CF (1)-CF (AVG))° 3.770E+09 2.656E+11
(CF (2)-CF (AVG))® 5.952E+08 5.868E+10
(CF (3)-CF (AVG))® 3.927E+08 6.219E+08
(CF {4)-CF (AVG))? 7.001E+086 5.602E+10
(CF (5)-CF {AVG))* 1.172E+10 2.980E+11
SUM CFE-CF(AVG) 1.648E+10 6.789E+11
sD 6.420E+04 4,120E+05
RSD 10.1 26.7




TABLE IV-3

HPLC RUN SEQUENCE FOR THE LONG GRADIENT
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SAMPLE DATE ANALYZED TIME ANALYZED TIME ELAPSED
ALl 7/24/00 15:16:32 0:00:00
AlL2 7/24/00 16:28:33 1:12:01
AL3 7/24/00 17:50:31 2:33:59
AL4 7/24/00 18:52:30 3:35:58
AlLS 7/24/00 20:04:32 4:48:00
B L1 7/24/00 21:16:32 6:00:00
BL2 7/24/00 22:28:34 7.12:02
BL3 7/24/00 23:40:38 8:24.06
BL4 7/25/00 0:25:37 9:36:05
BL5 7/25/00 2:04:38 10:48:06
CLt 7/25/00 3:16:36 12:00:04
cL? 7/25/00 4:28:40 13:12:08
CL3 7/25/00 5:40:40 14:24.08
CL4 7/25/00 6:52:39 15:36:07
CLs 7/25/00 8:04:39 16:48:07
DL1 7/25/00 9:16:46 18:00:14
DL2 7/25/00 10:28:46 19:12:14
DL3 7/25/00 11:40:47 20:24:15
DL4 7/25/00 12:52:44 21:36:12
DL5 7/25/00 11:16:46 20:00:14
DBG-IN_BLNK-0010 7/25/00
WLMO01LS 7/25/00
WLMO0O02LS 7/25/00
WLMOD3LS 7/25/00
WLMOQO4LS 7/25/00
WLMOO5LS 7/25/00
WLMOOBLS 7125/00
WLMQOBLS 7126/00
WLMO07M_BLNK 7/26/00
WLMO04HS 7/26/00
WLMGOBHS 7/26/00
DBG-IN_BLNK-0011 7/26/00 5.34.05 32:30:29
DBGSTD-A3-0031 7/26/00 6:46.03 33.42:22
WLMOO7HS 7/26/00
WLMO0BHS 7/26/00
WLMOO9HS 7/26/00
WLMO10HS 7/26/00
WLMO11HS 7/26/00
WHMOO1LS 7/26/00
WHMO02LS 7/26/00
WHMOO3LS 7/26/00
WHMO04LS 7/26/00
WHMOO05LS 7/26/00
DBG-IN_BLNK-0012 7/26/00 19:58:55 52:42:23
DBGSTD-B3-0032 7/26/00 21:10:54 53:04:22
WHMO0GLS 7/26/00

WHMOO7LS 7/26/00




TABLE IV-3

HPLC RUN SEQUENCE FOR THE LONG GRADIENT
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SAMPLE DATE ANALYZED  TIME ANALYZED  TIME ELAPSED
WHMO008M_BLNK (LS) 7/27/00
WHMOO1HS 7/27/00
WHMOO02HS 7/27/00
WHMOO3HS 7127100
WHMOO04HS 7/27/00
WHMOOS5HS 7/27/00
WHMOO0BHS 7/27/00
WHMOO7HS 7/27/00
WHMOO8M_BLNK (HS) 7/27/00
DBG-IN_BLNK-0013 7/27/00 11:36:24 62:28:04
DBGSTD-C3-0033 7/27/00 12:48:38 63:40:10
S001LS 7/27/00
5002LS 7/127/00
S003LS 7/27/00
S004LS 7/27/00
S005LS 7/27/00
S006LS 7/27/00
DBG-IN_BLNK-0016 7/28/00 20:54:16 101:37:44
DBGSTD-A3-0034 7/28/00 22:06:14 102:49:42
DBGSTD-B3-0035 7/28/00 23:18:13 104:01:41
DBGSTD-C3-0036 7/29/00 0:30:28 104:32:09
DBGSTD-D3-0037 7/29/00 2:54:51 106:46:32
DBG-IN_BLNK-0014 7/29/00
S007LS 7/29/00
S008M_BLNK 7/29/00
S001HS 7/29/00
S002HS 7/29/00
S003HS 7/29/00
S004HS 7/29/00
S005HS 7/29/00
S006HS 7/29/00
S007HS 7/29/00
DBG-IN_BLNK-0015 7/29/00 14:57:37 118:49:18
DBG-A3-0038 7/29/00 16:09:35 120:53:03
AR64 L3 7/31/00 13:52:25 166:35:53
AR64 L1 7/31/00 16:16:40 169:00:08
ARG4 L4 7/31/00 17:28:38 170:07:06
ARB4 L5 7/31/00 18:40:38 171:24:06

AR64 40.64 7/31/00 20:47:28 173:30:54



CCV FILE NAME
DBGSTD-A3-0031
OBGSTD-A3-0031
OBGSTD-A3-0031
DBGSTD-A3-0031
DBGSTD-A3-0031
OBGSTD-A3-0031
DBGSTD-A3-0031
DBGSTD-A3-0031
DBGSTD-A3-0031

DBGSTD-B3-0032
DBGSTD-B3-0032
DBGSTD-B3-0032
DBGSTD-B3-0032
DBGSTD-B3-0032
DBGSTD-B3-0032
DBGSTD-B3-0032

DBGSTD-C3-0033
DBGSTO-C3-0033
DBGSTD-C3-0033
DBGSTD-C3-0033
DBGSTO-C3-0033

DBGSTD-A3-0034
DBGSTD-A3-0034
DBGSTD-A3-0034
DBGSTD-A3-0034
DBGSTO-A3-0034
DBGSTD-A3-0034
DBGSTD-A3-0034
DBGSTD-A3-0034
DBGSTD-A3-0034

DBGSTD-B3-0035
DBGSTD-B3-0035
DBGSTD-B3-0035
DBGSTD-B3-0035
DBGSTD-B3-0035
DBGSTD-B3-0035
DBGSTD-B3-0035

PARAMETER
ACID BLUE 45
ACID YELLOW 23
ACID YELLOW 73
ACID ORANGE 10
ACID BLUE 1
BASIC YELLOW 2

DISPERSE VIOLET 1
SOLVENT YELLOW 33
DISPERSE BLUE 14

ACID BLUE 9 ("2}
BASIC VIOLET 10

2-AMINOANTHRAQUINONE
SOLVENT ORANGE 3
1-AMINGANTHRAQUINONE
SOLVENT YELLOW 14
SOLVENT OFANGE 7(*3)

ACID YELLOW 3("2)
SOLVENT YELLOW 3

SOLVENT RED 1
ANTHRACENE
BENZANTHRONE

ACID BLUE 45
ACID YELLOW 23
ACID YELLOW 73
ACID ORANGE 10

ACID BLUE1
BASIC YELLOW 2

DISPERSE VIOLET 1
SOLVENT YELLOW 33
DISPERSE BLUE 14

ACID BLUE 2 ("2)
BASIC VIOLET 10

2-AMINOANTHRAQUINONE
SOLVENT ORANGE 3
t-AMINOANTHRAQUINONE
SOLVENT YELLOW 14
SOLVENT ORANGE 7(*3)

ICAL AREA ICAL AMOUNT CCV AREA CCV AMOUNT PCT_DRIFT PCT_DIFF
-32.7

163913
276127
1184169
293902
766740
52347
283267
290972
221890

673423
1276567
257183
414454
128645
326193
294845

204012

499733

432963
7520809
184500

163913
276127
1184169
293902
766740
52347
283267
290972
221890

673423
1276567
257183
414454
128645
326193
294845

TABLE IV-3A

CCV LONG GRADIENT

PAGE10F 2

9.300
10.050
9.050
10.050
10.650
9.250
6.505
6.990
7.475

9.050
7.950
9.345
6.385
6.425
7.080
7.200

9.150
7.550
11.585
10.385
6.080

9.300
10.050
9.060
10.050
10.650
9.250
6.505
6.990
7.475

9.080
7.950
9.346
6.395
6.425
7.080
7.200

110368
204788
1272389
315843
828799
53610
298401
308204
229882

689843
1291362
264998
410466
137631
327798
295874

218384
532685
455839
7947424
205063

122622
177757
1289675
21251
842498
53706
354528
305546
233777

636631
1218124
246512
389741
125880
309267
279848

6.364
10.738
9.662
10.753
11.405
9.714
6.769
7.287
7.411

9.520
8.302
9.875
6.526
6.966
7.310
7.368

9.881
7.832
11.302
10.830
6.270

7.042
6.588
9.791

10.932
11.582
9.731

8.013
7.227
7.522

9.071
7.818
9.179
6.190
6.370
6.891
6.045

6.8
74
7.5
8.1
24
53
59
36

24
1.2
3.0
1.0
7.0
0.5
0.3

7.0
6.6
5.3
57
54

-5.5

-4.1
-6.0
-2.1
-5.2
-5.1

-31.6
6.8
6.8
7.0
71
5.0
4.1
4.2
0.9

5.2
44
57
2.0
8.4
32
2.3

80
3.7
-2.5
4.3
3.1

-24.3
-34.4
8.2
8.8

RT

6.439

14.513
17.353
18.752
23.733
35.367
22770
28.259
34.023

21.657
36.018
23.758
24,783
28.853
44.360
50.894

13.372
35.998
44.811
40.641
36.724

4.695
12.900
16.090
17.615
22.959
34.974
22793
27.836
33.662

21.010
35.744
23.6086
24.751
28.611
43.984
50.555

RT WINDOW
0.000 17.486
8.913 19.289
12.976 21,074
14,848 22.041
21.150 26.848
34.194 36.224
22.603 22.927
26.970 29.294
32.878 34.922
19.202 24.392
35.205 36.825
23.232 24.322
24.636 24.956
27.992 29.788
43.062 45,752
49.701 52.185
10.265 17.041
35.067 37.075
43.780 45.988
38.613 41.831
35.871 37.693
$.000 17.486
8.913 19.289
12.976 21.074
14,848 22.041
21.150 25.848
34.194 36.224
22.603 22.927
26.970 29.294
32.878 34.922
18.202 24.382
35.205 36.825
23.232 24,322
24.636 24.956
27.992 29.788
43.062 45.752

49.701

52.185



TABLE IV-3A

CCV LONG GRADIENT
PAGE 2 OF 2

CCV FILE NAME PARAMETER ICAL AREA ICAL AMOUNT CCV AREA CCV AMOUNT PCT_DRIFT PCT_DIFF RT RT WINDOW

DBGSTD-C3-0036 ACID YELLOW 3("2) 204012 9.150 220792 9.663 82 5.6 12.690 10.265 17.041
DBGSTD-C3-0036 SOLVENT YELLOW 3 499733 7.550 536359 7.884 7.3 4.4 35.779 35.067 37.075
DBGSTD-C3-0036 SOLVENT RED 1 432963 11.595 456481 11.315 5.4 -2.4 44558 43.780 45.988
0BGSTD-C3-0036 ANTHRACENE 7520809 10.385 7201381 2.810 -4.2 5.5 40.399 39.813 41.831
0OBGSTD-C3-0036 BENZANTHAONE 194500 6.080 206070 6.299 5.9 36 36.511 35.871 37.693
DBGSTD-D3-0037 DISPERSE RED 9 143181 6.605 145312 6.596 1.5 0.1 36.142 34.980 3g.oz22
DBGSTD-D3-0037 SOLVENT YELLOW 2 518466 7.980 521365 7.926 0.6 0.7 39.910 38.845 41,633
DBGSTD-D3-0037 SOLVENT GREEN 3 58250 7.350 54461 6.945 -6.5 -5.5 57.448 56.449 59.063
DBGSTD-D3-0037 SOLVENT RED 24 18843 1.420 18140 1.187 3.7 -16.4 57994 57.219 59.247
DBGSTD-A3-0038 ACID BLUE 45 163913 9.300 122734 7.048 -25.1 -24.2 4.272 0.000 17.486
DBGSTD-A3-0038 ACID YELLOW 23 276127 10.050 160483 5976 -41.9 -40.5 12.619 8.913 19.289
DBGSTD-A3-0038 ACID YELLOW 73 1184169 9.050 1297338 9.849 9.6 8.8 15.861 12.976 21.074
DBGSTD-A3-0038 ACID ORANGE 10 293902 10.050 323021 10.990 9.9 9.4 17.404 14.848 22.041
DBGSTD-A3-0038 ACIDBLUE 1 766740 10.650 851576 11.716 1.1 10.0 22.801 21.150 26.848
DBGSTD-A3-0038 BASIC YELLOW 2 52347 9.250 53825 9.751 28 54 34.887 34.194 36.224
DBGSTD-A3-0038 DISPERSE VIOLET 1 (*1) 283267 6.505 361385 8.165 276 255 22.808 22.603 22.927
DBGSTD-A3-0038 SOLVENT YELLOW 33 280972 6.990 309897 7.325 8.5 4.8 27.809 26.970 28,204
DBGSTD-A3-0038 DISPERSE BLUE 14 221890 7.475 232618 7.489 4.8 0.2 33.591 32.878 34.922

{*1y ACID BLUE 1 INTERFERENCE
("2} AREA BASED ON 3 PEAKS
(*3) AREA BASED ON 2 PEAKS



i

TABLE iv-3B

LONG GRADIENT PERCENT DIFFERENCES OVER TIME

CCV FILE NAME PARAMETER CCVA [ CCvB ccvce CCVA | CCVB | CCVC | CCVD | CCVA
7/26/00 | 7/26/00 | T/27/00 | 7/28/00 | 7/28/00 | 7/29/00 | 7/29/00 | 7/29/00
TIME FROM ICAL: 33 hrs 53 hrs 63 hrs 104 hrs [104.5 hrs| 106 hrs
DBGSTD-A3-0031 ACID BLLIE 45 R L :
DBGSTD-A3-0031 ACID YELLOW 23 6.8
DBGSTD-A3-0031 ACID YELLOW 73 6.8
DBGSTD-A3-0031 ACID ORANGE 10 7.0
DBGSTD-A3-0031 ACID BLUE 1 7.1
DBGSTD-A3-0031 BASIC YELLOW 2 5.0
DBGSTD-A3-0031] DISPERSE VICLET 1 {*1) 4.1
DBGSTD-A3-0031] SOLVENT YELLOW 33 4.2
DBGSTD-A3-0031 DISPERSE BLUE 14 0.9
DBGSTD-B3-0032 ACID BLUE 8 (*2) 5.2 0.2
DBGSTD-B3-0032 BASIC VIOLET 10 4.4 1.7
DBGSTD-B3-0032| 2-AMINOANTHRAQUINONE 57 1.8
DBGSTD-B3-0032} SOLVENT ORANGE 3 2.0 3.2
DBGSTD-B3-0032} 1-AMINQANTHRAQUINONE 8.4 0.9
DBGSTD-B3-0032]  SOLVENT YELLOW 14 3.2 27
DBGSTD-B83-0032| SOLVENT ORANGE 7(*3) 2.3 3.5
DBGSTD-C3-0033 ACID YELLOW 3("2) 8.0 5.8
DBGSTD-C3-0033]  SOLVENT YELLOW 3 3.7 4.4
DBGSTD-C3-0033 SOLVENT RED 1 2.5 2 4
CBGSTD-C3-0033 ANTHRACENE 4.3 5.5
DBGSTD-C3-0033 BENZANTHRONE 3.1 3.6
DBGSTD-D3-0037 DISPERSE RED 9
DBGSTD-D3-0037] SOLVENT YELLOW 2
DBGSTD-D3-0037 SOLVENT GREEN 3
DBGSTD-D3-0037 SOLVENT RED 24
Average Pecent Difference 8.2 4.5 4.3 13.0 2.0 4.3 5.7 14.3

{*1) ACID BLUE 1 INTERFERENCE
{*2) AREA BASED ON 3 PEAKS
{"3) AREA BASED ON 2 PEAKS



TABLE 1V-4

HPLC RUN SEQUENCE FOR THE SHORT GRADIENT

PAGE 10OF 3
SAMPLE DATE ANALYZED TIME ANALYZED TIME ELAPSED
STD A1 7/2/00 14:17:14 0:00:00
STD A2 7/2/00 15:03:08 0:45:54
STD A3 7/2/00 15:49:06 1:31:52
STD A4 7/2/00 16:34.59 2:17:45
STD A5 7/2/00 17:20:56 3:03:42
INSTRUMENT BLANK 7/2/00 18:06:53 3:49:39
STD B 7/2/00 18:52:50 4:35:36
STb B2 7/2/00 19:38:50 5:21:36
STD B3 712100 20:24:46 6:07:32
STD B4 7/2/00 21:10:44 6:53:30
STDB5S 7/2/00 21:56:37 7:39:23
INSTRUMENT BLANK 7/2/00 22:42:34 8:25:20
STDC1 7/2/00 23:28:31 2:11:17
sSTh C2 7/3/00 0:14:25 9:57:11
STD C3 7/3/00 1:00:25 10:43:11
STD C4 7/3/00 1:46:22 11:29:08
STD C5 7/3/00 2:32:15 12:15:01
INSTRUMENT BLANK 7/3/00 3:18:13 13:00:59
STD Dt 7/3/00 4.04:12 13:46:58
STD D2 7/3/00 4:50:05 14:32:51
STDb D3 7/3/00 5.36:05 15:18:51
STD D4 7/3/00 6:22:03 16:04:49
STD D5 713100 7:07:59 16:50:45
INSTRUMENT BLANK 7/3/00 7:53:56 17:36:42
DBGSTD-A3-0001 7/3/00 15:13:06 24:55:52
DBGSTD-B3-0002 7/3/00 15:59:05 25:41:51
DBGSTD-C3-0003 7/3/00 16:45:02 26:27:48
DBGSTD-D3-0004 7/3/00
DBG-IN_BLNK-0001 7/3/00
WLMO04HS 7/3/00
WLMCQ0BHS 7/3/00
WLMOC7HS 7/3/00
WLMOOBHS 7/3/Q0
WLMO09HS 7/3/00
WLMO10HS 7/4/00
DBGSTD-A3-0005 7/4/00 10:08:44 43:51:30
DBGSTD-B3-0006 7/4/00 10:54:38 44:37:24
DBGSTD-C3-0007 714100 11:40:32 45:23:18
DBGSTD-D3-0008 7/4/00 12:26:28 46:09:14
DBG-IN_BLNK-0002 7/4/00
WILMO11HS 7/4/00
WLMOO1LS 7/4/00
WLM0O02LS 714/00
WLMOQO3LS 7/4/00
WLMO04LS 7/4/00
WLMOGS5LS 7/4/00

WILMOGC6ELS 7/4/00



TABLE V-4

HPLC RUN SEQUENCE FOR THE SHORT GRADIENT
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SAMPLE DATE ANALYZED TIME ANALYZED TIME ELAPSED
WHMOCO01HS 7/4/00
WHMO02HS 7/4/00
WHMOO3HS 7/4/00
WHMO04HS 7/4/00
DBG-IN_BLNK-G003 7/4/00
DBGSTD-A3-0009 7/4/00 23:09:56 57:42:486
WHMOO5HS 7/4/00
WHMO06HS 7/5/00
WHMO0O7HS 7/5/00
WHMOOBM_BLNK 7/5/00
DBG-IN_BLNK-0004 7/5/00
DBGSTD-B3-0010 7/5/00 3:46:25 61:29:11
DBGSTD-A3-0011 7/5/00 8:47:21 66:30:07
DBGSTD-B3-0012 7/5/00 9:33:15 67:30:07
DBGSTD-C3-0013 _ 7/5/00 10:19:13 68:01:59
DBGSTD-D3-0014 7/5/00 11:05:06 68:47:52
DBG-IN_BLNK-0005 7/5/G0
5001LS 7/5/00
S002LS 7/5/00
5003LS 7/5/00
S004LS 7/5/00
S005LS 7/5/00
5006LS 7/5/00
S007LS 7/5/00
SOIL BLANK 7/5/00
S001HS 7/5/00
S002HS 7/5/00
DBG-IN_BLNK-0006 7/5/00
DBG-A3-0015 7/5/00 21:112:37 78:55:23
S003HS 7/5/00
S004HS 7/5/00
S005HS 7/5/00
S006HS 7/6/00
S007HS 7/6/00
DBG-IN_BLNK-0007 7/6/00
DBG-B3-0016 7/6/00 2:34:44 84:17:30
DBG-E2-0017 7/6/00 12:23:48 94:06:34
BBG-E1-0018 7/6/00 13:09:43 94:52:29
OBG-E3-0019 7/6/00 13:55:43 95:38:29
DBG-£4-0020 7/6/00 14:41:58 96:24:44
DBG-E5-0021 7/6/00 15:27:58 97:10:44
DBG-E6-0022 7/6/00
DBGSTD-A3-0023 71100 10:51:20 212:34:06
P8GS5TD-B3-0024 7/11/00 11:37:16 213:20:02
DBGSTD-C3-0025 7/11/00 12:23:11 214:05:57
DBGSTD-D3-0026 7/11/00

DBGSTD-D3-0027 7/11/00 156:20:15 217:03:01

S ————— i s e



HPLC RUN SEQUENCE FOR THE SHORT GRADIENT

SAMPLE
DBGSTD-E3-0028
DBG-IN_BLNK-008

WLMOOBLS
WLMOO7M_BLNK
WHMOG1LS
WHMO02LS
WHMOO3LS
WHMO004LS
WHMOO0SLS
WHMOO6LS
WHMOO7LS
WHMO0BM_BLNK
DBG-IN_BLNK-009
DBGSTD-A3-0029

TABLE V-4
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DATE ANALYZED
7/11/00
7/11/00
7/11/00
7/11/00
7/11/00
7/11/00
7/11/00
7/11/00
711/00
7/11/00
7/11/00
7/12/00
7/12/00
712/00

TIME ANALYZED

2:04:22

TIME ELAPSED

2274708



CCV FILE NAME

DBGSTD-A3-0001
DBGSTD-A3-0001
DBGSTD-A3-0001
DBGSTD-A3-0001
DBGSTD-A3-0001
DBGSTD-A3-0001
OBGSTD-A3-0001
DBGSTD-A3-0001

DBGSTD-B3-0002
DBGSTD-B3-0002
DBRGSTD-B83-0002
DBGSTD-B3-0002
DBGSTD-B3-0002
DBGSTD-B3-0002
DBGSTD-B3-0002

DBGSTD-C3-0003
DBGSTD-C3-0003
DBGSTD-C3-0003
DBGSTD-C3-0003
DBGSTD-C3-0003

DBGSTD-D3-0004
DBGSTD-D3-0004
DBGSTD-D3-0004

DBGSTD-A3-0005
DBGSTD-AG-0006
DBGSTD-A3-0005
DBGSTD-A3-0005
DBGSTD-A3-0005
DBGSTD-A3-0005
DBGSTD-A3-0006
CBGSTD-A3-0005

PARAMETER
ACID YELLOW 23
ACID YELLOW 73
ACID ORANGE 10

ACID BLUE 1
BASIC YELLOW 2

DISPERSE VIOLET 1 ("1)
SOLVENT YELLOW 33
DISPERSE BLUE 14

ACID BLUE 8 ("3}
BASIC VIOLET 10

2-AMINOANTHRAGUINONE
SOLVENT ORANGE 3
1-AMINCANTHRAQUINONE
SOLVENT YELLOW 14
SOLVENT CRANGE 7 (*4)

ACID YELLOW 3 ("3}
SOLVENT YELLOW 3

SOLVENT RED 1
ANTHRACENE
BENZANTHRONE

DISPERSE RED 9

SOLVENT YELLOW 2

SOLVENT GREEN 3

ACID YELLOW 23
ACID YELLOW 73
ACID ORANGE 10
ACID BLUE 1
BASIC YELLOW 2

DISPERSE VIOLET 1 (™)
SOLVENT YELLOW 33

DISPERSE BLUE 14

ICAL AREA ICAL AMOUNT CCV AREA CCV AMOUNT PCT_DRIFT PCT_DIFF

148554
916212
181087
596326
28494
218260
236372
113874

499830
717232
193120
315344
100585
274309
277322

82621
423110
319539

6500055

163006

116659
432026
53794

148554
916212
181087
596326
28494
218260
236372
113874

CCV SHORT GRADIENT
PAGE10OF$§
6.480 150080
10.480 946075
15.750 188479
12.755 621457
6.730 29780
12.235 273486
6.125 245923
7.490 116379
10.775 511269
7.385 727427
6.625 196430
7.470 320787
9.055 102912
7.075 277157
10.395 282626
7.460 83385
17.145 426426
8.460 320803
11.555 6552745
9.725 164324
6.650 117898
7.385 438327
B.215 55709
6.480 153625
10.480 966238
15.750 192016
12.758 631519
6.730 30465
12.235 277384
6.125 250754
7.480 115111

TABLE W-4A

6.529
10.681
16.221
13.134
6.957
15.056
6.167
7.494

11.024
7.518
6.693
1.613
8.116
7.082

10.394

7.310
17.289
8.277
12.181
9.759

6.680
7.409
9.074

6.683
10.813
16.526
13.351

7.114
15.269
6.287
7.408

1.0
33
41
4.2
4.5
247
4.0
22

23
1.4
1.7
1.7
2.3
1.0
1.9

0.9
0.8
0.4
0.8
0.8

1.1
1.5
3.6

3.4
5.5
6.0
5.9
6.9
26.5
6.1
1.1

0.8
1.8
3.0
3.0
3.4
23.1
0.7
01

23
1.8
1.0
1.9
0.7
0.2
0.0

-2.0
0.8
-2.2
5.4
0.3

05
0.3
10.5

a1
4.0
4.9
4.7
5.7
248
28
-1.1

RT
7.525
9.159
9.946
12.709
19.452
12.690

15.458
18.857

11.576
18.691
13.246
13.811
16.108
24.403
27.804

7.322
19.962
24.660
22.537
20.438

20.367
22.244
31.194

7.307
9.012
9.81g9
12.620
19.405
12.685
15.458
18.821

RT WINDOW
3.422 10.110
6.372 10.926
7.433 11.551
10.893 13.881
18.376 20.158
12.440 12.880
14.518 16.164
17.914 18.484
9.947 12.647
18 883 20.229
12,716 13.620
13.609 13.957
15.384 16.594
23.521 24975
27.029 26.299
3613 8.739
18.074 20.556
23.675 25.321
21.703 23.085
19.550 21.030
19.191 21.181
21.221 22.929
30.327 31.765

3.422 10.110

6.372 10.926

7.433 11.551

10.893 13.881

18.376 20.158

12.440 12.880

14.518 16.164

17.914 19.484



TABLE IV-4A

CCV SHORT GRADIENT
PAGE20QF 5

CCV FILE NAME PARAMETER ICAL AREA ICAL AMOUNT CCV AREA CCV AMOUNT PCT_DRIFT PCT_DIFF RT RT WINDOW

DBGSTD-B3-0006 ACID BLUE 9 {"3) 4998630 10.775 506244 11.035 1.3 2.4 $1.459 9.947 12.647
DBGSTD-B3-0006 BASIC VIOLET 10 717232 7.385 737812 7.626 29 3.3 19.652 18.883 20.229
DBGSTD-B3-0006 2-AMINCANTHRAQUINONE 193120 6.625 187086 6.715 2.1 1.4 13.235 12.716 13.620
DBGSTD-B3-0006 SOLVENT ORANGE 3 315344 7.470 322097 7.645 21 23 13.819 13.609 13.957
DBGSTD-B3-0006  1-AMINOANTHRAQUINONE 100585 9.055 105921 9.382 5.3 3.6 16.074 15.384 16.594
DBGSTD-83-0006 SOLVENT YELLOW 14 274309 7.075 278053 7.116 1.4 0.6 24.345 23.25%1 24.975
DBGSTD-B3-0006  SOLVENT ORANGE 7 ("4} 277322 16.385 282593 10.448 1.9 0.5 27.752 27.029 28.299
DBGSTD-C3-0007 ACID YELLOW 3 (*3) 82621 7.460 144860 7.574 75.3 1.5 7.110 3.913 9.739
DBGSTD-C3-0007 SOLVENT YELLOW 3 423110 17.145 435010 17.632 28 2.8 19.884 19.074 20.556
DBGSTD-C3-0007 SOLVENT RED 1 319539 B.460 328139 B.449 27 -0.1 24574 23.675 25.321
DBGSTD-C3-0007 ANTHRACENE 6500055 11.585 6642422 12.367 22 7.0 22.453 21.703 23.085
DBGSTD-C3-0007 BENZANTHRONE 163006 9.725 167965 9.971 3.0 2.5 20.359 19.550 21.030
DBGSTD-D3-0008 DISPERSE RED 9 116659 6.650 120667 6.836 34 2.8 20.300 18,191 21.161
DBGSTD-03-0008 SOLVENT YELLOW 2 432026 7.385 443941 7.502 2.8 1.6 22.183 21221 22.929
DBGSTD-D3-0008 SOLVENT GREEN 3 53794 8.215 54751 8.889 1.8 8.2 31141 30.327 31.765
DBGSTD-A3-0009 ACID YELLOW 23 148554 6.480 135107 5.880 -2.1 -9.3 7.214 3.442 10,110
DBGSTD-A3-0009 ACID YELLOW 73 916212 10.490 966448 10.915 5.5 41 8.905 6.372 10.926
DBGSTD-A3-0009 ACID ORANGE 10 181087 15.750 191572 16.487 58 4.7 9.735 7.433 11.551
DBGSTD-A3-0009 ACID BLUE 596326 12.755 631829 13.358 6.0 47 12.581 10.893 13.881
DBGSTD-A3-0009 BASIC YELLOW 2 28494 6.730 30240 7.062 6.1 4.9 19.402 18.376 20.158
DBGSTD-A3-0002  DISPERSE VIOLET 1 (1) 219260 12.235 279298 15.374 27.4 25.7 12.699 12.440 12.880
DBGSTD-A3-0009 SOLVENT YELLOW 33 236372 6.125 251045 6.294 6.2 28 15.456 14.518 16.164
DBGSTD-A3-0008 DISPERSE BLUE 14 113874 7.490 17119 7.544 2.8 0.7 18.809 17.914 19.484
DBGSTD-B3-0010 ACID BLUE 9 (*3) 499830 10.775 460535 9.935 -7.9 -7.8 11.343 9.947 12.647
DBGSTD-B3-0010 BASIC VIOLET 10 717232 7.385 767678 7.937 7.0 7.5 19.607 18.883 20.229
DBGSTD-B3-0010 2-AMINOANTHRAQUINONE 193120 6.625 205859 7.011 6.6 5.8 13.188 12.716 13.620
DBGSTD-B3-0010 SOLVENT ORANGE 3 315344 7.470 336513 7.992 6.7 7.0 13.784 13.609 13.957
DBGSTD-B3-0010  1-AMINOANTHRAQUINONE 100585 8.055 100877 9.733 9.2 7.5 16.014 15.384 16.594
BRGSTD-B3-0010 SOLVENT YELLOW 14 274309 7.075 290281 7.430 5.8 5.0 24.278 23.521 24.975
DBGSTD-83-0010  SOLVENT ORANGE 7 (*4) 277322 10.395 273598 9.022 -1.3 -13.2 27.688 27.029 28.299



CCV FILE NAME
DBGSTD-A3-0011
DBGSTD-A3-0011
DBGSTD-A3-0011
DBGSTD-A3-0011
DBGSTD-A3-0011
DBGSTD-A3-0011
DBGSTD-A3-0011
DBGSTO-A3-0011

DBGSTD-B3-0012
DBGSTD-B3-0012
DBGSTD-B3-0012
DBGSTD-B3-0012
DBGSTD-B3-0012
DBGSTD-B3-0012
DBGSTD-B83-0012

DBGSTD-C3-0013
DBGSTD-C3-0013
DBGSTD-C3-0013
DBGSTD-C3-0013
DBGSTD-C3-0013

DBGSTD-D3-0014
DBGSTD-D3-0014
DBGSTD-D3-0014

DBGSTD-A3-0015
DBGSTD-A3-0015
DBGSTD-A3-0015
DBGSTD-A3-0015
DBGSTD-A3-0015
DBGSTD-A3-0015
DBGSTD-A3-0015
DBGSTD-A3-0015

PARAMETER
ACID YELLOW 23
ACID YELLOW 73
ACID ORANGE 10

ACID BLUE t
BASIC YELLOW 2

DISPERSE VIOLET 1
SOLVENT YELLOW 33

DISPERSE BLUE 14

ACID BLUE 9 (*3)
BASIC VIOLET 10

2-AMINOANTHRAQUINONE
SOLVENT ORANGE 3
1-AMINOANTHRAQUINONE
SOLVENT YELLOW 14
SOLVENT ORANGE 7 ("4}

ACID YELLOW 3 (*3)
SOLVENT YELLOW 3

SOLVENT RED 1
ANTHRACENE
BENZANTHRONE

DISPERSE RED 9

SOLVENT YELLOW 2

SOLVENT GREEN 3

ACID YELLOW 23
ACID YELLOW 73
ACID ORANGE 10
ACID BLUE 1
BASIC YELLOW 2

DISPERSE VIOLET 1
SOLVENT YELLOW 33

DISPERSE BLUE 14

ICAL AREA ICAL AMOUNT CCV AREA CCV AMOUNT PCT_DRIFT PCT_DIFF

148554
916212
181087
596326
28494

219260
236372
113874

499830
717232
193120
315344
1005685
274308
277322

82621
423110
319539

6500055

163006

116659
432026
53794

148554
816212
181087
596326
268494
218260
236372
113874

CCV SHORT GRADIENT
PAGE3 OF 5
6.480 125377
10.490 975113
15.750 192044
12.755 639454
6.730 31503
12.235 236009
6.125 251825
7.490 118245
10.775 506358
7.385 762036
6.625 204128
7.470 335644
9.055 112515
7.075 202667
10.395 297768
7.460 147129
17.145 457333
8.460 343199
11.555 7004915
9.725 176405
6.650 124141
7.385 468897
8.215 59564
6.480 153013
10.490 974195
15.750 194200
12.785 638483
6.730 29700
12.235 235455
6.125 252671
7.490 120398

TABLE IV-4A

5.458
11.015
16.528
13.522

7.354
13.001

6.313

7.621

10.929
7.878
6.953
7.971
2.967
7.491
10.959

7.638
18.526
8.801
13.118
10.463

7.032
7.917
9.821

6.656
11.004
16.714
13.501
6.937
12.970
6.334
7.767

-15.6
6.4
6.1
7.2

10.6
78
6.5
3.8

1.3
6.2
57
6.4
11.9
6.7
7.4

78.1
8.1
7.4
7.8
8.2

6.4
8.5
10.7

3.0
6.3
7.2
7.1
4.2
74
8.9
5.7

-15.8
5.0
4.9
6.0
9.3
8.3
3.1
1.7

1.4
6.7
5.0
6.7
10.1
5.9
5.4

2.4
8.1
4.0
13.5
7.6

57
7.2
18.5

27
49
6.1
58
3.1
6.0
34
37

AT
6.955
8.757
9.591
12.475
19.355

12718
15.381
18.762

11.242
16.568
13.168
13.792
15,981
24.224
27.642

6.834
19.798
24.477
22.359
20.276

20.183
22.081
31.042

6.760
8.635
9.494
12.422
19.330
12.718
15.365
18.744

AT WINDOW
3.422 10.110
6.372 10.926
7.433 11.551
10.893 13.881
18.376 20.158
12.440 12.880
14.518 16.164
17.914 19.484
9.947 12.647
18.883 20.229
12.716 13.620
13.609 13.857
15.384 16.584
23.521 24.975
27.029 28,299
3.913 9.738
18,074 20.556
23.675 25.321
21.697 23.01
19.550 21.030
19.1N 21.161
2i.221 22.929
30.327 31.765
3.422 10.110
6.372 10.926
7.433 11.551
10.893 13.881
18.376 20.158
12.440 12.880
14.518 16,164
17.914 19.484



CCV FILE NAME

DBGSTD-83-0018
DBGSTD-B3-0016
DBGSTD-B3-0016
DBGSTD-B3-0016
DBGSTD-B3-0018
DBGSTD-B3-0016
DBGSTD-B83-0016

DBGSTD-A3-0023
DBGSTD-A3-0023
DBGSTD-A3-0023
DBGSTD-A3-0023
DBGSTD-A3-0023
DBGSTD-A3-0023
DBGSTD-A3-0023
DBGSTD-A3-0023

DBGSTD-B3-0024
DBGSTD-B3-0024
DBGSTD-B3-0024
DBGSTD-B3-0024
DBGSTD-B3-0024
DBGSTD-83-0024
DBGSTD-83-0024

DBGSTD-C3-0025
DBGSTD-C3-0025
DBGSTD-C3-0025
DBGSTD-C3-0025
DBGSTD-C3-0025

DBGSTD-D3-0027
0BGSTD-D3-0027
DBGSTD-D3-0027

PARAMETER
ACID BLUE 9 ("3}
BASIC VIOLET 10

2-AMINOANTHRAQUINONE
SOLVENT ORANGE 3
1-AMINOANTHRAQUINONE
SOLVENT YELLOW 14
SOLVENT ORANGE 7 (*4)

ACID YELLOW 23
ACID YELLOW 73
ACID ORANGE 10
ACID BLUE 1
BASIC YELLOW 2

DISPERSE VIOLET 4
SOLVENT YELLOW 33

DISPERSE BLUE 14

ACID BLUE 9 (*3)
BASIC VIOLET 10

2-AMINOANTHRAQUINONE
SOLVENT ORANGE 3
1-AMINOANTHRAQUINONE
SOLVENT YELLOW 14
SOLVENT ORANGE 7 ("4)

ACID YELLOW 3 ("3}
SOLVENT YELLOW 3

SOLVENT RED 1
ANTHRACENE
BENZANTHRONE

DISPERSE RED 9

SOLVENT YELLOW 2
SOLVENT GREEN 2

ICAL AREA ICAL AMOUNT CCV AREA CCV AMOUNT PCT_DRIFT PCT_DIFF

499830
717232
193120
315344
100585
274309
277322

148554
916212
181087
596326
28494
219260
236372
113874

499830
717232
183120
315344
100585
274309
277322

82621
423110
319539

6500055

163006

116659
432026
53794

CCV SHORT GRADIENT
PAGE 4 OF 5
10.775 534273
7.385 775065
6.625 205274
7.470 336578
9.055 111325
7.075 293724
10.395 274835
6.480 144664
10.490 985254
15.750 194945
12.755 639001
6.730 29849
12.235 235166
6.125 253947
7.490 118313
10775 514972
7.385 766716
6.625 208951
7.470 333974
9.055 114818
7.075 204647
10.395 275914
7.460 90745
17.145 460140
B.460 349745
11.555 7043855
9.725 178334
6.650 125600
7.385 468389
8.215 60051

TABLE IV-4A

11.532
8.014
6.991
7.993
9.861
7.519
9.118

6.294
11,131
16.778
13.512
6.871
12.954

6.366

7.625

11.552
7.927
7.115
7.9
10.171
7.542
8.954

5.469
18.638
8.954
13,199
10.576

7.114
7.909
9.915

6.9
8.1

6.3
6.7
10.7
71

0.9

2.6
75
7.7
7.2
48
7.3
7.4
3.9

3.0
6.9
8.2
59
14.2
7.4
-0.5

9.8
T8
9.5
8.4
9.4

7.7
8.4
11.6

7.0
8.5
5.5
7.0
89
6.3
-12.3

-2.9
6.1
6.5
59
3.6
59
39
1.8

7.2
7.3
7.4
6.2
12.3
6.6
-13.9

-26.7
8.7
5.8
14.2
8.8

7.0
7.1
20.7

RT
11173
19.540
13.172
13.808
15.969
24.190
27.611

5.036

7.493

8.430

11.606
18.791
12.563
14.886
18.284

10421
19.075
12.847
13.655
15.572
23.764
27.243

5.180
19.404
24.040
22.016
19.875

19.610
21,584
30.635

RT WINDOW
9.947 12.647
18.883 20.229
12.716 13.620
13.608 13.957
15.384 16.594
23.521 24975
27.029 28.299
3.422 10.110
6.372 10.926
7.433 11,551
10.693 13.881
18.376 20.158
12.440 12.880
14.518 16.164
17.914 19.484
9.947 12.647
18.883 20.229
12.716 13.620
13.609 13.957
15.384 16.594
23.521 24.975
27.029 2B8.299
3.913 9.738
19.074 20.556
23.675 25.321
21.703 23.085
19.550 21.030
19.191 21.161
21.221 22,929
30.327 31.765



CCV FILE NAME

DBGSTD-A3-0029
DBGSTD-A3-0029
DBGSTD-A3-0029

PARAMETER
ACID YELLOW 23 (*2)
ACID YELLOW 73
ACID ORANGE 10

DBGSTD-A3-0029 ACID BLUE1
DBGSTD-A3-0029 BASIC YELLOW 2
DBGSTD-A3-0029 DISPERSE VIOLET 1
DBGSTD-A3-0029 SOLVENT YELLOW 33

DBGSTD-A3-0029 DISPERSE BLUE 14
(1) ACID BLUE 1 INTERFERENCE

(*2) PEAK SPLITS

(*3) AREA IS BASED ON 3 PEAKS

(*4) AREA IS BASED ON 2 PEAKS

ICAL AREA ICAL AMOUNT CCV AREA CCV AMOUNT PCT_DRIFT PCT_DIFF
-73.1

148554
916212
181087
596326
28494
218260
236372
113874

CCV SHORT GRADIENT

6.480
10.490
15.750
12.755

6.730
12.235

6.125

7.490

TABLE IV-4A

PAGE 5 OF §

39685
986688
195008
647246
28402
241847
257280
119801

1.743
11.148
16.791
13.690
6.868
13.321
6.449
7.726

-73.3
77
7.7
8.5
3.2
10.3
8.8
52

6.3
6.6
7.3
2.1
8.9
5.3
3.2

RT
5.153
7.562
8.515
11.665
18.813
12.534
14.975
18.308

RT WINDOW
3.422 10.110
6.372 10.926
7.433 11.551
10.893 13.881
18.376 20.158
12.440 12.880
14.518 16.164
17.914 19.484



TABLE {V-4B

SHORT GRADIENT PERCENT DIFFERENCES OVER TIME

CCV FILE NAME PARAMETER CCVA, B CD|CCVYABCD| CCVA | CCVB {CCVA,BC. DI CCVA [ CCvB [CCVA,B,C,D] CCVA
7/3/00 7/4/00 7/4100 7/5/00 7/5/00 7500 7/6/00 7/11/00 7M12/00
TIME FROM ICAL: 24-27 hrs 43-46 hrs 57 hrs 61 hrs 67-69 hrs 78hrs | 84hrs | 212-217 hrs 227 hrs
DBGSTD-A3-0001 ACID YELLOW 23 08 3.1 9.2 2.7 29 & TaE.
DBGSTD-A3-0001 ACID YELLOW 73 1.8 4.0 4.1 49 6.1 6.3
DBGSTD-A3-0001 ACID ORANGE 10 3.0 4.9 47 6.1 6.5 6.6
DBGSTD-A3-0001 ACID BLUE 1 30 4.7 4.7 5.8 59 7.3
DBGSTD-A3-0001 BASIC YELLOW 2 3.4 . 3.1 36 2.1
DBGSTD-A3-0001| DISPEASE VIOLET 1 {*1) - 4 6.0 5.9 6.9
DBGSTD-A3-0001| SOLVENT YELLOW 33 a7 28 2.8 3.4 349 53
DBGETD-A3-0001 DISPERSE BLUE 14 01 1.1 0.7 3.7 1.8 3.2
DBGSTD-B3-0002 ACID BLUE 9 (*2) 23 2.4 7.8 7.0 72
DBGSTD-B3-0002 BASIC VIOLET 10 1.8 3.3 7.5 8.5 7.3
DBGSTD-B3-0002 | 2-AMINOANTHRAQUINONE 1.0 1.4 5.8 5.5 7.4
DBGSTD-B3-0002 |  SOLVENT ORANGE 3 1.9 2.3 7.0 7.0 6.2
DBGSTD-B3-0002 1-AMINCANTHRAQUINONE 0.7 3.6 7.5 8.9 12.3
DBGSTD-B3-0002 SOLVENT YELLOW 14 0.2 06 50 . 6.3 6.6
DBGSTD-B3-00021 SOLVENT ORANGE 7 {("3) 0.0 0.5 13.2 5.4 12.3 13.9
DBGSTD-C3-0003 ACID YELLOW 3 (*2) 2.0 1.5 24 R
DBGSTD-C3-0003]  SOLVENT YELLOW 3 0.8 28 8.1 8.7
DBGSTD-C3-0003 SOLVENT RED 1 2.2 0.1 4.0 5.8
DBGSTD-C3-0003 ANTHRACENE 54 7.0 13.5 14.2
DBGSTD-C3-0003 BENZANTHRONE 0.3 25 88
DBGSTD-D3-0004 DISPERSE RED 9 0.5 2.8 7.0
DBGSTD-D3-0004| SOLVENT YELLOW 2 0.3 16 7.1
DBGSTD-D3-0004 SOLVENT GREEN 3 0.5 8.2 120
Average Pecent Difference 2.9 4.0 71 7.7 4.5 7.9

("1) ACID BLUE 1 INTERFERENCE

{*2) AREA BASED ON 3 PEAKS
(*3) AREA BASED ON 2 PEAKS
(*4) PEAK SPLITS

es



RETENTION TIMES WATERS’ XTERA COLUMN VS VARIAN’S MICROSPHERE COLUMN

TABLE IV-5

LONG GRADIENT

DYE AT XTERA | RT VARIAN
ACID BLUE 45 11.815
ACID YELLOW 3 P1 14.813
ACID RED 64 14.923
ACID YELLOW 23 16.155
ACID YELLOW 3 P2 17.610
ACID YELLOW 73 18.624
ACID ORANGE 10 19.868
ACID BLUE @ 22.626
DISPERSE VIOLET 1 22.685
2-AMINOANTHRAQUINONE 23.941
ACID BLUE 1 24.418
SOLVENT ORANGE 3 24.836
DISPERSE RED 8 26.420
SOLVENT YELLOW 33 28.586
1-AMINOANTHRAQUINONE 29.163
SOLVENT YELLOW 2 31.920
DISPERSE BLUE 14 34.292
BASIC YELLOW 2 35.595
BASIC VIOLET 10 36.254
SOLVENT YELLOW 3 36.396
BENZANTHRONE 37.073
ANTHRACENE 41.078
SOLVENT YELLOW 14 44.816
SOLVENT RED 1 45.241
SOLVENT ORANGE 7 51.324
SOLVENT GREEN 3 57.532
SOLVENT RED 24 58.058




RETENTION TIME (MINUTES)

RETENTION TIMES LONG GRADIENT
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TABLE iV-6

RETENTION TIMES WATERS' XTERA COLUMN VS VARIAN'S MICROSPHERE COLUMN
SHCORT GRADIENT

DYE RT XTERA | RT VARIAN
ACID BLUE 45 4.439 3.549
ACID RED 64 6.174 7.462
ACID YELLOW 3 P1 7.684 7.756
ACID YELLOW 23 8.180 8.032
ACID YELLOW 3 P2 9.295 9.306
ACID YELLOW 73 9.672 9.376
ACID ORANGE 10 10.405 10.364
ACID BLUE 9 11.866 12.035
DISPERSE VIOLET 1 12.670 12.136
ACID BLUE 1 13.019 13.251
2-AMINOANTHRAQUINONE | 13.317 12.851
SOLVENT ORANGE 3 13.813 13.657
SOLVENT YELLOW 33 15.705 15.642
1-AMINOANTHRAQUINONE | 16.208 15.826
DISPERSE BLUE 14 19.010 19.080
BASIC YELLOW 2 19.586 20.349
BASIC VIOLET 10 19.757 20.517
SOLVENT YELLOW 3 20.030 20.078
DISPERSE RED 9 20.419 20.477
BENZANTHRONE 20.500 20.848
SOLVENT YELLOW 2 22 281 22.508
ANTHRACENE 22 604 22.801
SOLVENT YELLOW 14 24,530 24.835
SOLVENT RED 1 24.741 25127
SOLVENT ORANGE 7 27.909 28.434
SOLVENT GREEN 3 31.219 31.659
SOLVENT RED 24 31.255 31.948

it sl b



WATERS’ XTERA VS VARIAN’'S MICROSPHERE

RETENTION TIMES (SHORT GRADIENT)
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ATTACHMENTS V and VI
EXTRACTION PROCEDURE
and

METHOD OPTIMIZATION



ATTACHMENT V AND VI - EXTRACTION PROCEDURE AND METHOD
OPTIMIZATION

The Crane Laboratory performed the extraction and analysis optimization in tandem. Documentation of
this portion of the method development is limited and consists primarily of scattered laboratory notes and
several Excel tables. During this phase of the development, TL.C was abandoned as a screening method,
extraction procedures using SPE disks and TBA madifiers were “tweaked,” and the HPLC procedure was
shortened. TINUS chemists visited the laboratory and through interviews with the Crane chemists
ascertained that method development was proceeding in accordance with the specified criteria despite
the spotty nature of the documentation. The findings of the TtNUS lab visit are also included in this

attachment.

100007/P Att-V/IVI-1 CTO 6010




LABORATORY VISIT SUMMARY

SOUTHDIV CLEAN — NSWC Crane
May 16, 17, and 18, 2000
Recorded by TtINUS

Subject: Summary of visit to the Crane Laboratory for SWMU 2 Dye Burial Grounds

Attendees: Crane Lab - Jackie Karty; Forrest Hawman; TtNUS - Linda Karsonovich;
ECT.CON, Inc — Terrie Baranek

Purpose: The purpose of the visit was to assist the Laboratory in assembling documentation
needed for EPA approval of the developed methods and to evaluate the Laboratory's current
extraction methodologies.

Background: The Laboratory has been working to develop two analytical methods. The first
was a screening method for soil samples using thin layer chromatography (TLC). The second
method was a quantitative method for soil and water samples using high performance liquid
chromatography (HPLC).

Current Status:

TLC — The use of TLC as a screening method for soil samples has been abandoned. The
key difficulty was exchanging the extraction solvent (Tributylammonium hydroxide [TBA] and
water) into the analytical solvent {methanol). The solvent exchange required approximately
three hours per sample and dye compound recoveries were low or undetectable. The
decision to abandon TLC as a screening method was based on the time required per sample
extraction and the low recoveries. The TLC extraction method was siower than the HPLC
method, and the recoveries for the TLC were substantially lower than those obtained for the
HPLC. Therefore, the TLC method could not provide quick turnaround or a reasonable
indication of the presence/absence of dye compounds in the soils.

HPLC - The HPLC will be used for both groundwater and soil matrices. The Crane
Laboratory is currently developing three analytical scenarios: solid, high-level agueous, and
low-level aqueous. The analytical method will be the same for all sample matrices.

Solid Extraction_and Analysis — The Crane Laboratory has developed a solid extraction
method that uses TBA, water, and methanol to pull dye compounds from soils and
sediments. Recoveries range from 49% to 400%. The following issues were noted:

1. Smoke Dye, Solvent Yellow 2, and Solvent Red 24 were not recovered at either the
high or low-level spike concentrations. TINUS does not recommend any further
development efforts to obtain these particular compounds, This recommendation is
based on the fact that the TBA/water extraction method yields the best recoverias for
most compounds of any extraction method tried to date. The key difficulty in
developing the extraction method for the HPLC is the varied chemical natures and
structures of the dye compounds. Realistically, based on the chemical composition
of the compounds, no one extraction method wili be able to successfully extract all
the compounds from the soils. The Crane Laboratory has used sonication and
soxhlet extractions with enough variety of other solvents to eliminate other avenues
of investigation. Also, Dr. Baughman agreed that the TBA/water extraction method
would be the best avenue for extraction based on his experience.



2. The compound Acid Blue 45 was not recovered at the low-level concentration; but
was recovered at the high-level concentration (50%). The reporting level and spiking
concentration for this compound will need to be adjusted; the Laboratory will continue
to work on this issue. Again, TINUS does not recommend any further development
efforts to increase recovery of this particular compound for the same reasons as
specified in ltem 1.

3. No recoveries were reported for Pigment Red 1 since the compound was not
included in the spiking solution. The compound was not included in the spiking
solution due to the low solubility of the compound and the limited size of spiking
solution.

4. No recoveries were reported for Solvent Yellow 3 and Solvent Orange 7. These
compounds were detected; however, the peaks chromatographed as doublets. The
Crane Laboratory had not yet calculated the percent recoveries.

5. Recoveries of Acid Red 64, Basic Yellow 2, 2-Aminoanthraquinone, and Disperse
Blue 14 ranged from 190% to 423%. The Crane Laboratory indicated that this was
probably due to the need for a new spiking solution and/or new calibration curve.
TtNUS concurred. The Crane Laboratory was working on developing new standards
at the time of the laboratory visit.

6. Based on the effort thus far, TEINUS recommended that the Crane Laboratory stop
experimenting with extraction techniques and method development and move to the
method validation or “proof of concept” stage. This consists of spiking the full suite of
compounds into seven replicates at a low-level concentration and seven replicates at
a high-level concentration. The resutting information will be used to calculate
recovery, precision, matrix-specific method detection level (MDL), matrix-specific
reliable quantitation limit (RQL), and accuracy (bias) for the soil extraction method.

High-Level Aqueous Analysis — The Crane Laboratory has not performed any experimental
test of the high-level procedure. The high-level procedure consists of taking an aliquot of the
water sample and directly injecting the sample on the HPLC. Since an extraction procedure
is not necessary, solubility of the dyes in aqueous matrices will be the limiting factor for
compound recovery. TtNUS recommended that the Crane Laboratory perform the method
validation consisting of spiking the full suite of compounds into seven replicates at a low-level
concentration and seven replicates at a high-leve! concentration. The resulting information
will be used to calculate recovery, precision, matrix-specific MDL, matrix-specific RQL, and
accuracy {bias) for the high-level aqueous analysis method. The following issues were
noted:

1. A water solubility test was performed by Cranhe Laboratory. The following
compounds were noted to be insoluble in water: Pigment Red 1, Disperse Red 9,
Solvent Green 3, Solvent Orange 7, Disperse Bliue 14, Solvent Yellow 14, and
Smoke Dye. The following compounds were noted to be slightly soluble in water:
Disperse Violet 1, Solvent Orange 3, and Solvent Yellow 33.

2. The following compounds were not included in the water solubility test: 1 and 2-
aminoanthraquinone, Solvent Yellow 3, Solvent Red 1, Solvent Yellow 2, and Solvent
Red 24,

Low-level Aqueous Extraction_and Analysis — The Crane Laboratory was performing
experimental tests of the extraction procedure during the laboratory visit. The extraction
consists of adding TBA to the aqueous sample, filtering the sample through a soiid phase
extraction disc to capture the dyes, and subsequently pulling the dyes off the extraction disc
with methanol. The foilowing issues were noted with this method:




1. The Laboratory was performing the analyses during the visit. Recoveries shouid be
available during the week of May 22, 2000.

2. The Crane Laboratory noted that the addition of TBA to the aqueous sample was
clouding the sample. The Laboratory indicated that this was probably due to the type
the TBA they used since the effect was not noted in previous experiments using TBA
from a different manufacturer. During the trail and error phase, the Laboratory did
not use HPLC grade TBA in order to conserve their supplies. They still have "good"
TBA to move on to the calibration, proof of concept, and method validation; thereforse,
this issue will not impact progress on the method development. When the Laboratory
orders additionai TBA for the project, they will order the appropriate type of TBA.

» Analytical Methodology — The Crane Laboratory has successfully modified the HPLC
analytical run time from 62 minutes to 35 minutes. The following issues were noted:

1. Six compounds were noted to co-elute in three pairs. Although coelution occurs, the
Laboratory will be abie to identify whether these chemicals are present in the
environmental samples. If these dyes are determined to be present in the samples,
the samples will be re-analyzed using the 62-minute run time in order to achieve
separation of these compounds.

2. Due to the shorter run time, the Laboratory proposed eliminating the use of
anthracene as a retention time marker. Since a shorter run time will be used
retention time shifting will be drastically reduced and will not be an issue as it was for
the 62-minute run. Therefore, to reduce confusion and since it was not longer
essential, the Crane Laboratory recommended the elimination of this surrogate.
TtNUS concurred. This is not considered to be problematic because benzanthrone
will still be used as a surrogate.

3. In order to document instrument performance over time, the Crane Laboratory will
analyze continuing calibration standards over a period of time. This will help to
establish percent drift in the retention times and reported amounts of the compounds.

4. Several compounds consist of two or more peaks in the chromatogram. The Crane
Laboratory proposed the use of the primary (biggest} peak as sufficient for
quantitation. TiNUS concurred. This approach will be evaluated during method
validation.

Related Issues:

» Minimum Required Supplies/Instrumentation List - The Crane Laboratory and TtNUS
pulled together a minimum required list of supplies and instrurmentation that would be needed
to ensure the smooth operation of the analytical laboratory during the field event. Please
refer to Attachment 1.

e Schedule - The Crane Laboratory and TtNUS developed a schedule of events required for
completion of method development, method validation, and subsequent submittal of the
standard operating procedure (SOP) and support documentation to EPA. Please refer to
Attachment 2.

+ Reporting - in order to streamline the reporting of sample data, TtNUS recommends the use
of screening data packages and full data packages. Where dye compounds are present in
the samples, the Crane Laboratory would submit full data packages consisting of all
applicable forms {Form Is and QA/QC forms) and raw data. Where dye compounds are not



present in the samples, the Crane Laboratory would submit screening data packages
consisting of only the applicable forms. Raw data would be stored electronically at the
laboratory. Please refer to Attachment 3 for specific details.

Bulk Density — The Crane Laboratory requires funding to purchase a water bath in order to
perform the Bulk Density analysis. If funding is approved, the Crane Laboratory will write an
SOP.

Non-analytical SOPs — The Crane Laboratory will need to complete an SOP for Percent
Moisture Determination. All other non-analytical SOPs have been completed and submitted
to TINUS.




ATTACHMENT 1

Minimum Required Supplies/Instrumentation List
NSWC Crane Explosives Science Branch Laboratory
SWMU 2 - Dye Burial Ground

Item (in priority) Quantity Price*
1. Bulk Density Equipment
Just the water bath 1 $ 2200
The bulk density set up (speciai price for entire setup) 1 $ 2800
2. TBA 800 mL $ 207
3. HPLC Columns (sold as 3 for $300) 3 $ 900
4. Manifoid System with glassware 1 $ 800
5. HPLC pump with autosampler (to complete a backup system 1 $ 27,000
for the current HPLC system)
6. Miscellaneous Glassware
200 mL volumetric flask ($30 for 1) 5 $ 1580
1 L volumetric flask ($50 for 1) 5 $ 250
syringes ($2 for 1) 5 $ 10
7. Column Guards (5 for $175) 5 $ 175

*Prices are estimated

NOTES:

Without item 1, the Laboratory will not be able to perform the bultk density analysis. For the
number of samples to be analyzed for bulk density, the analytical cost for a commeicial
laboratory will be similar to the cost of the equipment. By allowing the Crane Laboratory the
capability to perform the analysis, it provides more flexibility to the project (i.e., analyze
additional samples for this project as well as other projects).

To ensure that analysis may continue throughout the project, extra TBA (ltem 2) should be
maintained in the Laboratory. The analyses cannot be completed without the TBA. Because
TBA is considered to be a hazardous material, it takes substantial time for the Laboratory to
obtain the material. Therefore, a backup of the material will ensure continued analytical
progress during the project.

The current manifold system (ltem 4) that the Laboratory has consists of three setups. Two
of the setups are dedicated to another project. Only one setup is available for use for the
SWMU 2 Dye Burial Ground project. The availability of additional setups to enhance the
extraction process will assist in expediting the overall analytical process. This will allow for
quick turnaround that will be required for the sampling program designed for SWMU 2.




ATTACHMENT 2

Schedule for Remaining Method Development
NSWC Crane Explosives Science Branch Laboratory
SWMU 2 - Dye Burial Ground

Action Estimated | Estimated Date Info
Date Start | Completion | Emalled to
Date TINUS
Finish low-level extraction analysis 5M18/00 - 5/24/00
Make new standards 5/19/00 5/19/00
Run initial calibration 5/19/00 5/22/00
Develop curves 5/22/00 5/26/00
Extract high level aqueous hi/low samples (7+7) 5/29/00 6/6/00
Analyze high level aqueous samples 5/29/00 6/6/00
Assemble Full Data Package 6/6/00 6/16/00
Compile Method Validation Table 6/6/00 6/16/00
Extract soil hi/low samples (7+7) 6/19/00 6/23/00
Analyze hiflow sampies 6/19/00 6/23/00
Assemble Full Data Package 6/26/00 6/30/00
Compile Method Validation Table 6/26/00 6/30/00
Extract low-level aqueous hiflow samples (7+7) 7/10/00 7/14/00
Analyze low-level agueous hi/low samples 7/10/00 7/14/00
Assemble Full Data Package ' 717/00 7/21/00
Compile Method Validation Table 7/17/00 7/21/00
Write HPLC SOP 7/24/00 7/28/00
Write Grain Size SOP 7/31/00 8/4/00
Write Bulk Density SOP 7/31/00 8/4/00
Tie up loose ends/vacation and sick time buffer 8/4/00 8/31/00




ATTACHMENT 3

Reporting Packages

NSWC Crane Explosives Science Branch Laboratory

SWMU 2 - Dye Burial Ground

Fuli Data Package: A fuli data package will be compiled and submitted to TtNUS when dyes are
detected in the environmental samples. The package will consist of the following:

Forms 1:

Surrogate
Recoveries:

Blank Spikes:

Matrix Spike/
Matrix Spike
Duplicate:

Initial

Calibration:

Continuing
Calibration:

Support
Documentation:

Sample and iaboratory identification cross reference table, a discussion of any
problems encountered during extraction or analysis, signature of laboratory
quality assurance officer.

Analytical results for each sample, method blank, blank spike, matrix spike
and matrix spike duplicate. Forms should also contain the following: Sample
ID, Lab ID, Date Collected, Date Extracted, Date Analyzed, Initial
Weight/Volume, Final Volume, Dilution Factor, Percent Moisture, File Number,
Reporting Limits, and Qualifiers. The raw data consisting of spectra,
chromatogram, and quantitation report must accompany each Form.

Tabulate recoveries for each sample, method blank, blank spike, and matrix
spike. Include acceptance range for surrogate recoveries for specific matrix.

Tabuiate amount spiked, percent recoveries, and acceptance ranges for
specific matrix.

Tabulate amount spiked, amount present in native sample, percent recovery,
relative percent difference, and acceptance ranges for specific matrix.

Summarize all data points from each of the five levels and calculate percent
relative standard deviation and/or correlation coefficient. Include tinear
equations if used. The raw data for each standard consisting of spectra,
chromatogram, and quantitation report must accompany the summary.

Calculate and present in tabular form percent difference (percent drift) for
each analyte. Calculate and present in tabular form retention time and
retention time windows for each analyte. The raw data for each standard
consisting of spectra, chromatogram, and quantitation report must accompany
the summary.

Copies of the chain-of-custody, sample check-in sheet, extraction iog, HPLC
log, and standard prep log must accompany each sample delivery group
(SDG).



Screening Level Data Package: A screening level data package will be compiled and submitted
when dyes are not detected in the environmental samples. The package will consist of
everything submitted for a full data package minus the associated raw data. A chromatogram will
be included with each sample and method blank to confirm the absence of peaks; however, all
remaining raw data (spectra and quantitation report) will be stored electronically by the
Laboratory.




Thin-Layer Chromatography

Thin-layer chromatography is a separation method based on the adsorption of the sample to the
stationary phase. The adsorbent layer {stationary phase) is usually formed on a 20 x 20 cm glass plated
and consists of silica gel. The sample moisture is applied to the lower edge of the plate. The piate is
then placed in a tank with a suitable developing solvent{s). The individual substances from the sample
mixture are transported upwards at differing rates. Adsorption, partition, or ion-exchange processes
effect the separation. When the solvent has traveled sufficiently up the silica plate, the plated is removed
and dried. The separated substances are detected visually, by UV lamp, or modified with a staining
reagent. The substances are identified by the ration: rate of migration from the starting point to the
distance the solvent traveled from the starting point. This value is called the Rg value.

The thin-layer chromatography (TLC) method was originaily proposed as a screening method to rapidly
detect dyes in solid matrices. The method was based on spotting a sample dissolved in methanol on a
preconcentrated silica plate and detecting the presence or absence of dye visually. The method analyzed
up to 16 samples simultaneously and separated dyes rapidly.

The extraction method development phase for the solid matrix evaluated both sonication and soxhlet
extractions. It was determined that sonication extraction extracted the dyes more efficiently in a short
period of time. This helped to meet the requirement for a 48 hour result turn around time. However, the
extraction solvent had to rotary evaporated and exchanged with methancl so the sample would be in
100% methanol to meet TLC requirements. The preparation for TLC analysis was complicated further
because the sonication broke the soil down into very fine particles. This made the filtration of the sample
prior to rotary evaporation extremely difficult and time consuming. In addition, the rotary evaporation step
could only be performed on one sample at a time and tock approximately 3 hour per sample to complete
the evaporation and solvent exchange.

The use of TLC as a screening method for soil samples has been abandoned. The key difficulty was
exchanging the extraction solvent (Tributylammonium hydroxide [TBA] and water) into the analytical
solvent (methanol). The solvent exchange required approximately three hours per sample and dye
compound recoveries were low or undetectable. The decision to abandon TLC as a screening method
was based on the time required per sample extraction and the low recoveries. The TLC extraction
method was slower than that required for HPLC and the recoveries were substantially lower. Therefore,
the TLC method could not provide gquick turnaround or a reasonable indication of the presencefabsence
of dye compounds in the soils.
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Extraction Date:
Analysis Date:
Extraction Procedure:

11-May-00
12-May-00

STOCK STD SPIKE Concon Soil CONC IN60 mL Recovered Correction for Inj

Std Inj Vol:10 uL
Sample Inj Voi: 30 uL
5 mL TBA, 5 mL water sonicate for 0.5 hour. Add 50 mL MeOH. Sonicate for 1 hour.

Notebook Pg: 127

Amt Rec on Soil Recovery

DYE __ ugimL mL mg/kg ug/mL ug/mL Vol (ugimL) mg/kg %
ACID BLUE 45 T 1784 0 0 0.000 N/A NA N/A N/A
ACID RED 64 448.4 0 0 0.000 N/A N/A N/A N/A
ACID YELLOW 3 460.8 0 0 0.000 N/A N/A N/A N/A
BASIC YELLOW 2 214.6 0.5 106.71 1.788 22.74 7.58 45.23 423 .86
ACID YELLOW 73 267.2 0 0 0.000 N/A N/A N/A N/A
SOLVENT YELLOW 3 197.6 0.5 98.26 1.647 0.00 0.00 < o.ocD/wqj
SOLVENT YELLOW 14 199.4 0.5 99.15 1.662 4,119 1.37 8.19 82.63
SOLVENT ORANGE 3 232.4 0.5 115.56 1.937 5.682 1.89 11.30 97.80
SMOKE DYE 346 0.5 172.05 2.883 ND ND ND — ND __P
0.5 ? ND

SOLVENT YELLOW 2

~ACID YELLOW 23

220

0 0.000 N/A N/A N/A
ACID ORANGE 10 209 0 0 0.000 N/A N/A N/A N/A
BASIC VIOLET 10 300.6 0.5 149.48 2.505 7.867 2.62 15.65 104.68
SOLVENT RED 1 180.6 0.5 94.78 1.588 3.522 1.17 7.01 73.91
SOLVENT ORANGE 7 244 0.5 121.33 2.033 0.00 0.00 (_0.00
2-AMINOANTHRAQUINONE 356 0.5 177.03 2.967 17.09 5.70 33.89 192,02 |C
254.8 0.5 126.70 2.123 12.16 4.05 24.19 190.89
o e . i L
331.4 0 0 0.000 N/A N/A N/A NIA
PIGMENT RED 1 8.8 0 0 0.000 N/A N/A N/A N/A
DISPERSE RED 9 191 0.5 84.98 1.592 4165 1.39 8.28 87.23

DISPERSE VIOLET

LUE

1-AMINOANTHRAQUINONE | 354.4 0.5 176.23 7527 2.51 14.97 84.95

SOLVENT GREEN 3 207 .2 05 103.03 6.095 2.03 12.12 117.66

SOLVENT YELLOW 33 255.6 05 127.10 6.583 2.19 13.00 103,02
SOLVENT RED 24 76.8 05 38.19 ND ND ND C ND




Extraction Date:
Analysis Date:
Extraction Procedure:

RN

8-May-00
11-May-00

Std Inj Vol: 10 uL

Sample Inj Vo!: 30 uL
5 mL TBA, 5 mL water sonicate for 0.5 hour. Add 50 mL MeOH. Sonicate for 1 hour.

Notebook Pg. 122

STOCK STD| SPIKE [CONCIN 60 mL | Concon Soil [Recovered| Correction for inj | Amt Rec on Scil [Recovery
DYE ug/mL mL ug/mL mg/kg ug/mlL Vol (ungmL) m% %
ACID BLUE 45 178.4 0.1 0.297 1.761 BDL BDL BDL K BDL
ACID RED 64 448.4 01 0.747 4,426 4.82 1.61 9.52 214.99
ACID YELLOW 3 460.8 0.1 0.768 4,549 2.82 0.94 5.57 122.40
-BASIC YELLOW 2 2148 0 0.000 0.000 N/A NiA N/A N/A
ACID YELLOW 73 267.2 0.1 0.445 2.638 1.201 0.40 2.37 89.90
SOLVENT YELLOW 3 197.6 0 0.000 0.000 N/A N/A N/A N/A
SOLVENT YELLOW 14 199.4 0 0.000 0.000 N/A N/A N/A N/A
SOLVENT ORANGE 3 232.4 0 0.000 0.000 N/A N/A N/A N/A
SMOKE DYE 346 0 0.000 0.000 N/A N/A N/A N/A
SOLVENT YELLOW 2 220 0 0.000 0.000 N/A N/A N/A
b ; : e b e
363.2 0.1 0.605 3.585 2.318 0.77
ACID ORANGE 10 209 0.1 0.348 2.063 1.048 0.35
BASIC VIOLET 10 300.6 0 0.000 0.000 N/A N/A
SOLVENT RED 1 190.6 0 0.000 0.000 N/A N/A
SOLVENT ORANGE 7 244 0 0.000 0.000 N/A N/A
2-AMINOANTHRAQUINONE 356 0 0.000 0.000 N/A N/A
DISPERESE BLUE 14 254 .8 0 0.000 0.000 N/A N/A
3314 0.1 0.552 3.271 1.439 0.48
PIGMENT RED 1 8.8 0.0 0.000 0.000 N/A N/A
DISPERSE RED 9 191 0 0.000 £.000 N/A N/A
DISPERSE VIOLET 1 237.8 0 0.000 0.000 N/A N/A
b e b e e Sl
ACID BLUE 9 322.2 0.1 0.537 3.180 1.29 0.43
1-AMINOANTHRAQUINONE 354.4 0 0.000 0.000 N/A N/A
SOLVENT GREEN 3 2072 0 0.000 0.000 N/A N/A
SOLVENT YELLOW 33 2556 0 0.000 0.000 N/A N/A
SOLVENT RED 24 76.8 0 0.000 0.000 N/A N/A




Extraction Date: 4-May-00 Std inj Vol: 10 uL Notebook Pg: 121

Analysis Date: 11-May-00 Sample Inj Vol: 30 uL
Extraction Procedure: 5mL TBA, 5mlL water soni catg for,0.5 hour Add 50 mL &H Sonicate for 1 hour,
STOCK STD SPIKE CONC IN 60 mL Conc on Soit |Recovered| Correction for Inj | Amt Rec on Soil |Recovery
DYE ug/mL mL ug/mL mg/kg ug/mL. Vol (ug/mL) mg/kg %
ACID BLUE 45 178.4 0.5 1.487 8.807 2.222 0.74 4.39 49.82
ACID RED 64 448.4 0.5 3.737 22,136 12.67 4.22 25.02 113.02
ACID YELLOW 3 460.8 05 3.840 22.748 12.06 4.02 23.81 104.69
BASIC YELLOW 2 214.6 0 0.000 0.000 NIA N/A N/A N/A
ACID YELLOW 73 267.2 0.5 2.227 13.191 5.884 1.96 11.62 88.08
SOLVENT YELLOW 3 197.6 0 0.000 0.000 N/A N/A N/A N/A
SOLVENT YELLOW 14 199.4 0 0.000 0.000 N/A N/A N/A N/A
SOLVENT ORANGE 3 2324 0 0.000 0.000 N/A N/A N/A N/A
SMOKE DYE 346 0 0.000 N/A - N/A N/A N/A

SOLVENT YE 220 ’ N/A

ACID YELLOW 23 . .
ACID ORANGE 10 209 05

BASIC VIOLET 10 300.6 0 N/A
SOLVENT RED 1 190.6 0 N/A
SOLVENT ORANGE 7 244 0 N/A
2-AMINOANTHRAQUINONE 356 0 N/A
DISPERESE BLUE 14 254.8 0 N/A
T SEp

CID BLU 331.4 0.5 90.62
PIGMENT RED 1 8.8 0.0 N/A
DISPERSE RED 9 191 0 N/A
DISPERSE VIOLET 1 237.8 0 N/A

dea SEa T : S e e e

D BLUE 322.2 0.5 2.685 15.906 4.03 1.34 7.96 50.03
1-AMINOANTHRAQUINONE 354.4 0 0.000 0.000 N/A N/A N/A N/A
SOLVENT GREEN 3 207.2 0 0.000 0.000 N/A N/A N/A N/A
SOLVENT YELLOW 33 255.6 0 0.000 0.000 N/A N/A N/A N/A
SOLVENT RED 24 76.8 0 0.000 0.000 NIA N/A N/A N/A




Ve Vel

Extraction Date: 3-May-00 Std Inj Vol: 10 uL Notebook Pg: 119 _
Analysis Date: 6-May-00 Sample Inj Vol: 30 uL i 8\\9‘*\
Extraction Procedure: 100 mL of 60/40 Acetonitrile/Water sonicated for 1.5 hours{ Dried soil after spiking dyes. S
STOCK STD}| SPIKE [CONC IN 100 mL | Conc on Soil [Recovered Amt Rec on Soil [Recovery
DYE 1 ug/mb mL ug/mL mg/kg ug/mL mg/kg % .
ACID BLUE 45 o] 178.4 0.5 0.892 8.410 BDL BDL BDL
ACID RED 64 448.4 0.5 2.242 21.138 BDL BDL \ BDL
ACID YELLOW 3 460.8 0.5 2.304 21.722 1.69 15.93
BASIC YELLOW 2 214.8 0.5 1.073 10.116 BDL BDL ¢ 'BDL )
ACID YELLOW 73 267.2 0.5 1.336 12.596 0.687 6.48 5442
SOLVENT YELLOW 3 197.6 0.5 0.988 9.315 0.619 5.84 62.65
SOLVENT YELLOW 14 199.4 0.5 0.997 9.400 0.487 4.59 48.85
SOLVENT ORANGE 3 2324 0.5 1.162 10.955 0.119 1.12 10.24
SMOKE DYE 346 0.5 1.730 16.310 BDL BDL (BD
SOLVENT YELLOW 2 220 05 1.100 10.371 0.527 497 47 .91
YELLOW 23 363.2 0.5 1.816 18.004 0.609 6.04 33.54
ACID ORANGE 10 209 0.5 1.045 10.360 0.366 363 3502
BASIC VIOLET 10 300.6 05 1.503 14.901 BDL BDL @DL
SOLVENT RED 1 190.6 05 0.953 9.448 0.249 247 2613
SOLVENT ORANGE 7 244 0.5 1.220 12.095 0.552 547 45.25,
2-AMINOANTHRAQUINONE 356 0.5 1.780 17.647 BDL BDL kBDIJ
2548 0.5 1.274 12.630 0.65 6.44 51.02
e H R 2 o : BuhE
3314 0.5 1.657 16.194 0.664 6.49 40.07
PIGMENT RED 1 3.8 5.0 0.440 4.300 BDL BDL / BDL ™
DISPERSE RED 9 191 0.5 0.955 9.333 BDL BDL [ BDL
DISPERSE VIOLET 1 237.8 .5 1.189 11.620 BDL BDL BDL
e e - o - e
CIDBLUE9 3222 05 1.611 16.017 BDL BDL BDL
1-AMINOANTHRAQUINONE 354.4 0.5 1.772 17.618 BDL BDL . BDL/
SOLVENT GREEN 3 207.2 0.5 1.036 10.300 1.493 14.84 13411
SOLVENT YELLOW 33 255.6 0.5 1.278 12.706 0.817 8.12 63.93
SOLVENT RED 24 76.8 0.5 0.384 3818 8DL BDL ( BDL}
N

(ffr
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11.0 PROCEDURE
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50 . 00ppm

For aqueous solutions, it is highly recommended that process waste samples be screened with
the high-level method to detennine if the low-level method (1 to 50 microg/L) is required; the
high-level method will not be necessary in most cases. :

For samples requiring the low-level method, there are three equally acceptable options: salting-
ou: extraction (Section 11.1), cartridge solid-phase exiraction {Section 11.2), or membrane
solid-phase extraction (Section 11.3).

11.1 Aqueons Samples, Low-Level Method No. 1: Salting-out extraction

11.1.1 Place 251.3 g of sodium chloride into a ]1-L round volumetric flask.

W

Uw,b‘&

11.1.2 Using a 1-L graduated cylinder, measure out 770 mL of a water sample and transfer it to
the volumetric flask containing the sodium chloride. Add a stir bar and mix the contents at
maximum speed on a magnetic stirrer until the sait is completely dissolved.

v 010 11.1.3 Add 164 mL. of acetonitrile {measured with 2 250-mL graduated cylinder) while the
» qa solution is being stirred, and stir for an additional 15 minutes. Turn off the stirrer and allow the
8"\’“!’ phases to separate for 10 minutes.
11.1.4 Remove the acetonitrile (upper) layer with a Pasteur pipette, approximately 8 mL, and
n transfer it to A 100-mL round volumetric flask.
\ \0 11.1.5 Add 10 mL of fresh acetonitrile 1o the water sample in the 1-L fask, Again, stir the
\\' \ g\~ contents of the flask for 15 minutes followed by 10 minutes for phase scparation.

11.1.6 Combine the second acetonitrile portion with the initial extract in the 100-mL flask. The
inclusion of a few drops of salt water at this point is unimportant.

! 11.1.7 Add 84 mL of salt water (325 g NaCl per 1,000 mL of reagent water) to the acetonitrile
extragt in the 100-mL volumetric flask. Add a stir bar and stir the contents on a magnetic stirrer
for{10/minutes, followed by 10 minutes of phase separation.

5157
11.1.8 Carefully transfer the acetonitrile phase to a 10-mL graduated cylinder using a Pasteur
pipette. At this stage, the amount of water transferred with the acetonitrile must be minimized;
the water contains a high concentration of NaCl that produces a large peak at the beginning of
the chromatogram, i i i inntten.

i 11.1.9 Add an additional 1.0 mL of acetonitrile 1o the 100-mL volumetric flask. Once again,
stir the contents of the flask for 15 minutes, followed by 10 minutes of phase separation.

11.1.10 Combine the second acetonitrile portion with the initial extract in the 10-mL graduated
cylinder (transfer to a 25-mL graduated cylinder if the volume exceeds 5 mL). Record the fotal
volume of acetonitrile extract to the nearest 0.1 mL; use this as the volume of total extract {V,]

in the calculation of conc?t:"z;ion er convert

ing it to microL. )

W1 Svaporat % ﬂi“&‘éﬂﬁd a)/jmé T
L ¥ CT, abou . ) ' BT garic- gen

awater-(with-pH-<3-tHctrylis-asuspected analyle) prior to analysis.

. o Quatep
11.1.12 If the diluted extract is turbid, filter it through a 0.45-mictom

] d e Teflon filter using a
dlsposab!e synnge. Discard the first 0.5 mL of filtrate, and retain the remainder in a Teflon-
i
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ATTACHMENT VIl - METHOD VALIDATION

The Crane Laboratory performed a method validation study using the following procedures:

Agueous Low-level Extraction Procedure High Spike Long Gradient Short Gradient
Low Spike Long Gradient Short Gradient

Aqueous High-level Extraction Procedure High Spike Long Gradient Short Gradient
Low Spike tong Gradient Short Gradient

Solids Extraction Procedure High Spike Long Gradient Short Gradient
Low Spike Long Gradient Short Gradient

The laboratory used the same sample extract on both the short and long gradient sequences. Stock
standards for each individua! target compound were made. Samples designated low spike had 100 pL of
each stock standard added to the sample matrix prior to exiraction using an Ependorf pipet. Samples
designated “high spike” had 500 pL of each stock standard added to the sample matrix prior to extraction
using the same technique. Due to the number of spikes required, this method of adding compounds to
the samples is more prone to errors such as missed spiking or double-spiking of target compounds.
Instances where these situations may have occurred have been noted in the summaries below.

Tables 1 through 4 give an overview of the percent recoveries for the Low-level aqueous extraction
procedure and the Solids extraction procedure. Results for the compound Basic Yellow 2 were
consistently high regardless of matrix or analytical method. This may indicate a problem with the spiking

solution.

Percent Recoveries Low-Level Aqueous Method High Spike

As stated previously recovery of Basic Yellow 2 was consistently high. Resuits for 2-Aminoanthraquinone
were taken from the short gradient analysis due to co-elution with Acid Blue 1 using the fong gradient
method. Recovery of Acid Blue 45 was less than 10% in five of the seven standards. Results of sample
WLMO04HS were not used to calculate accuracy or method detection limits due to problems encountered
during extraction.

100007/P Att-VII-1 CTO 00t0



Percent Recoveries Low-Level Aqueous Method Low Spike

As stated previously, recovery of Basic Yellow 2 was consistently high. Two samples (WLMOO4LS and
WLMOOSLS) had recoveries for Basic Yellow 2 in excess of 1000%. These samples may have been
double-spiked for this compound. Results for 2-Aminoanthraquinone were taken from the short gradient
analysis due to co-elution with Acid Blue 1 using the long gradient method. Recovery of Solvent Green 3
and Solvent Red 24 wers 0% in sample WLMOO5LS. This may indicate that these compounds were not
spiked into the sample since the remaining six samples have significantly higher recoveries. Recovery of
the surrogate Anthracene was less than 10% in sample WLMOQO4LS. This may indicate that this
compound was not spiked into the sample. Recovery of Acid Blue 45 was improved over the recoveries

reported for the high spike. This may be a function of the solubility of the compound.

Percent Recoveries Soil Method High Spike

As stated previously, recovery of Basic Yeliow 2 was consistently high. Results for 2-aminoanthraguinone
and Acid Blue 1 were taken from the short gradient analysis due to co-elution using the long gradient
method. Recoveries of Acid Yellow 3, Acid Biue 9, Acid Blue 1, and Solvent Red 24 were less than 10%

on both the long and short gradient analyses.

Percent Recoveries Soil Method Low Spike

As stated previously, recovery of Basic Yellow 2 was consistently high. Results for 2-aminoanthraguinone
and Acid Blue 1 were taken from the short gradient analysis due to co-elution using the long gradient
method. Recoveries of Acid Blue 9 and Solvent Red 24 were less than 10% on both the long and short
gradient analyses. Acid Yellow 3 and Disperse Violet 1 were not recovered in sample S007LS. This may
be an indication that the compounds were not spiked onto the sample since the remaining six samples

have significantly higher results.

The remaining percent recovery tables depict the percent recoveries for each method and each gradient.
Retention times have been included and the compounds are presented in elution order to highlight

possible co-elution/interference problems.
The remainder of this section includes calculation of mean percent recoveries, standard deviations,

method detection limits, and reliable quantitation limits. Excel tables presenting the laboratory

calculations from the raw data are given with each table to support the findings.

100007/F : Att-VII-2 CTO 0010




Tables Contained in Attachment VIl

Table VII - 1 Solid Extraction Method, Long Gradient, Low Spike — Bias and Precision
Table Vit - 1A Solid Extraction Methed, Long Gradient, Low Spike — Quality Control Limits
Table VIl - 1B Solid Extraction Method, L ong Gradient, Low Spike — Percent Recovery
Table VIl - 2 Solid Extraction Method, Long Gradient, High Spike — Bias and Precision
Table VII - 2A Salid Extraction Method, Long Gradient, High Spike — Percent Recovery
Table Vii - 3 Solid Extraction Method, Short Gradient, Low Spike — Bias and Precision
Table VIl - 3A Solid Extraction Method, Short Gradient, Low Spike — Quality Control Limits
Table VIl - 3B Solid Extraction Method, Short Gradient, Low Spike — Percent Recovery
Table VIl - 4 Solid Extraction Method, Short Gradient, High Spike — Bias and Precision
Table VII - 4A Solid Extraction Method, Short Gradient, High Spike — Percent Recovery
Table VIl - 5 Low-Level Aqueous Extraction Method, Long Gradient, Low Spike - Bias and Precision
Table VII - 5A Low-Level Aqueous Extraction Method, Long Gradient, Low Spike — Quality Control
Limits
Table VIl - 5B Low-Level Aqueous Extraction Method, Long Gradient, Low Spike — Percent Recovery
Table VIl - 6 Low-Level Aqueous Extraction Method, Long Gradient, High Spike — Bias and
Precision
Table VII - 6A Low-Level Aqueous Extraction Method, Long Gradient, High Spike — Percent Recovery
Table VIl - 7 L ow-Level Aqueous Extraction Method, Short Gradient, Low Spike — Bias and
Precision
Table VIl - 7A Low-Level Aqueous Extraction Method, Short Gradient, Low Spike — Quality Control
Limits
Table VII - 7B Low-Level Aguecus Extraction Method, Short Gradient, Low Spike — Percent Recovery
Table Vil - 8 Low-Level Agueous Extraction Method, Short Gradient, High Spike — Bias and
Precision
Table Vil - 8A Low-Level Aqueous Extraction Method, Short Gradient, High Spike — Percent Recovery
Table VIl - 9 High Level Aqueous Extraction Methed, Long Gradient, Low Spike — Bias and
Precision
Table VII - 9A High Level Aqueous Extraction Method, Long Gradient, Low Spike — Percent Recovery
Table VII - 10 High Level Aqueous Extraction Method, Long Gradient, High Spike - Bias and
Precision
Table VIl - 10A § High Level Aqueous Extraction Method, Long Gradient, High Spike — Percent Recovery
Table VII - 11 High Level Aqueous Extraction Method, Short Gradient, Low Spike — Bias and
Precision
Table VII - 11A | High Level Aqueous Extraction Method, Short Gradient, Low Spike — Percent Recovery
Table VIl - 12 High Level Aqueous Extraction Method, Short Gradient, High Spike — Bias and
Precision
Table VII - 12A | High Level Agueous Extraction Method, Short Gradient, High Spike — Percent
Recovery
100007/P Att-V11-3
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TABLE ViI-1

Solid Extraction Method, Long Gradient, Low Spike

. Method
Mean Result| Mathod Bias Standard L MOL RQL
Sample Results (pg/Kg) ugKg | (Accuracy) %R| Deviation P(;:;l;lgn voKe | wgKe
Sample {mean
Compounds Conc | S00ILS | S002LS | SO0SLS | S004LS | SOOSLS | SO06LS | SOO7LS | MvereSesamele rotisanpi il sl B B LY
K conel .

ACID BLUE 45 %%4? 11967 1089.1 12323 12176 1172.0 800.3 9738 1117 323 129.6 117 407.1_| 1628.4
ACID YELLOW 23 2812 1500.8 1656.1 1507.9 1664.1 1430.6 1440.6 19189 15827 56.3 163.1 10.3 5123 | 2049.1
ACID YELLOW 73 3510 2033.3 21547 2143.6 2038.3 2126.9 2080.7 2035.4 2087.6 59.5 53.8 2.6 168.8 | 6752
ACID ORANGE 19 3074 3289.4 34140 33459 31671 3325.3 32397 3223.9 3286.5 106.9 83.3 2.5 261.7 1046.8

ACID BLUE 1 3692 416.6 4452 2956 342.0 370.4 515.9 0.0 340.8 5.2 166.5 48.9 522.9 | 2091.5
BASIC YELLOW 2 2642 120213 13142.5 131576 12468 7 12943.1 12464.7 12810.3 12721.2 481.5 424.5 3.3 13328 | 53313

DISPERSE VIOLET 1 2602 6271 885.9 725.5 781.3 863.8 681.9 0.0 B852.2 251 3023 46.4 9492 | 37970
SOLVENT YELLOW 33 2796 12205 13466 13502 1303.0 1329.3 1311.5 1319.4 13115 46.9 437 3.3 1373 | 5492
DISPERSE BLUE 14 2990 11318 1275.3 13292 14458 1494.1 1370.3 14453 1356.0 45.4 124.4 9.2 3906 | 1562.2

ACID RED 64 3618 2721.8 2951.3 2877.1 2672.4 2851.8 29102 2839.6 2840.6 78.5 103.7 38 3255 | 1302.0

ACID BLUE © 3280 971 117.3 103.4 77.8 67.7 36.9 55.0 79.3 2.4 28.5 35.9 B9.4 357.6
BASIC VIOLET 10 2084 1434.9 15119 1455.0 1366.4 1435.9 13508 1420.0 14320 68.7 46.4 5.2 1458 | 5834

2-AMINOANTHRAQUINONE | 3738 21487 2189.2 22734 2169.1 2257.8 2165.4 2052.2 2179.1 58.3 73.2 3.4 2258 | 9191
SOLVENT ORANGE 3 2558 1065.9 1083.1 1081.0 1069.3 1109.8 10633 1055.1 10754 42.0 18.1 1.7 56.7 226.8
1-AMINDANTHRAQUINONE | 2570 12898 1484.9 1532.9 14657 1472.2 1412.2 1453.8 1444.5 56.2 77.2 53 2423 | 969.2
SOLVENT YELLOW 14 2832 1178.4 1207 4 1236.3 1167.2 1242.7 12392 1209.3 12115 42.8 301 2.5 94.6 378.3
SOLVENT ORANGE 7 2880 1494.9 1636.6 1658.2 1600.0 1652.4 1595.7 1631.3 1609.9 55.9 36.1 3.5 1760 7040
ACID YELLOW 3 3348 1659.8 17729 1689.7 1690.9 17266 1682.4 0.0 14620 43.7 645.7 44.2 2027.6 | 81103
SOLVENT YELLOW 3 3020 2772.3 2929.9 2954.5 28506 2931.0 29022 2684.7 2689.3 95.7 619 2.1 194.5 777.8
SOLVENT RED 1 4638 2564.7 2678.3 3741.4 4441.1 2877.7 2627.0 2592.2 3074.6 §6.3 730.4 23.8 22934 9173.7
DISPERSE RED 8 3060 1248.7 1346.1 1406 1254 5 1310.4 1371.3 1385.3 1337.8 437 56.2 42 1765 | 706.1
SOLVENT YELLOW 2 3940 1604.3 1789.4 1790.1 1734.8 1820.2 17537 1760.7 1750.5 44.4 70.3 4.0 2208 | 8831
SOLVENT GREEN 3 3140 1793.0 1550.3 17665.1 1688.9 1463.7 1519.9 1145.4 1560.8 4.7 232, 142 6873 | 2789,
SOLVENT RED 24 568 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANTHRACENE 4154 1684.0 1904.2 1912 4 1860.6 1693.9 1861.4 1884.7 1858.7 44.7 75.3 4.1 236.4 945.6
BENZANTHRONE 2432 16072 1568 8 1557.4 1554.1 15837 1655.3 15723 1558.4 64.1 26.4 17 83.0 3319




Compounds

% RECOVERY AB45
% RECOVERY AY3
% RECQOVERY AY23
% RECOVERY ARB4
% RECOVERY AY73
% RECOVERY AO10
% RECOVERY AB9
% RECOVERY DV1
% RECOVERY AB1
% RECOVERY 2AQ
% RECQOVERY SQ3
% RECOVERY 8Y33
% RECOVERY 1AQ
% RECQOVERY DB14
% RECOVERY BY2
% RECOVERY SY3
% RECOVERY BV10
% RECOVERY DR9
% RECOVERY BZ
% RECOVERY SY2
% RECOVERY AN
% RECOVERY SY14
% RECOVERY SR1
% RECOVERY SO7
% RECOVERY SG3
% RECOVERY SR24

o
7o

70

%

Ret. Time

6.439
13.372
14.513

14.9
17.353

18.752
21.657

22.77
23.733
23.758
24,783
28.259
28.853
34.023
35.367
35.998
36.018
36.142
36.724

39.91
40.641

44.36
44.811
50.894
57.448
57.994

S001LS S002LS S003LS S004LS SO005LS S006LS S007LS

TABLE VII- 1A

PERCENT RECOVERIES SOIL METHOD LOW SPIKE, LONG GRADIENT

Average

Std.
Deviation
(s)

v
CD&

PO SN G2 W W

wm

ONRG =N =N

Lower
Control
Limit
(p-2s)

25
5
45
73
57
102
1
2
0
0
41
44
51
37

Upper
Control
Limit
(p+2s)

40
83
68
85
63
113
4
48
18
62
44

Average Std. Dev

(on six (s) (on six
points)  points)
51 1
29 4
1 2

Lower
Control
Limit
(p-2s)

49

22

Upper
Control
Limit
(p+2s)

53

37
15



Table VIl - 1B

Percent Recoveries Soil Method Low Spike, Long Gradient

Compounds Ret. Time SO001LS S002LS SO003LS S004LS S005LS SO006LS S007LS

% RECOVERY AB45 % 6.439 85 32 36 35 34 26 29
% RECOVERY AY3 %  18.372 50 53 51 51 52 50 )
% RECOVERY AY23 %  14.513 54 59 54 56 53 51 69
% RECOVERY AR64 % 14.9 76 82 80 74 79 ey 81
% RECOVERY AY73 9%  17.353 58 61 61 58 61 59 58
% RECOVERY AO10 %  18.752 108 111 109 103 109 106

% RECOVERYAB9 % 21657 .3 .8 . gplon o R

% RECOVERY DV1 % 22.77 24 34 30 33 26

% RECOVERY AB1 %  23.733 11 12 sge 10 14

% RECOVERY 2AQ % 23.758 58 59 58 61 58

% RECOVERY SO3 %  24.783 42 42 42 44 42

% RECOVERY SY33 %  28.259 44 48 47 48 47

% RECOVERY 1AQ %  28.853 51 58 58 55

% RECOVERY DB14 9%  34.023 38 43 50 46

% RECOVERYBY2 % 35.367 . 459 ;. 488 800 L - oo thaaTs

% RECOVERY SY3 %  35.998 93 97 97 96

% RECOVERY BV10 %  36.018 70 73 69 67

% RECOVERYDR9 % 36.142 41 44 43 45

% RECOVERY BZ % 36724 63 65 66 64

% RECOVERY 8Y2 % 39.91 41 45 46 45

% RECOVERY AN %  40.641 41 46 46 45

% RECOVERY SY14 % 44.36 42 43 44 44

% RECOVERY SR1 %  44.811 56 58 62 B7:

% RECOVERY SO7 %  50.894 52 57 58 56

47 49

% RECOVERY SG3 %  57.448 58 49
% RECOVERY SR24 %  57.994 I

Percent Recovery




T7S001LS | Soo2ls |

S003LS | S00ALS | SO05LS | S006LS | S007LS

Stock Standard Concentrations

ACID BLUE 45 STD 3444 3444 344 .4 344.4 344.4 344.4 3444
ACID YELLOW 23 STD 281.2 281.2 281.2 281.2 281.2 281.2 281.2
ACID YELLOW 73 STD 351.0 351.0 351.0 351.0 351.0 351.0 351.0
ACID ORANGE 10 STD 307.4 307.4 307.4 307.4 3074 307.4 307.4

ACID BLUE 1 §TD 369.2 369.2 369.2 369.2 368.2 369.2 369.2
BASIC YELLOW 2 §TD 264.2 264.2 264.2 264.2 264.2 264.2 264.2

DISPERSE VIOLET 1 STD 260.2 260.2 260.2 260.2 260.2 260.2 260.2
SOLVENT YELLOW 33 STD 279.6 279.6 279.6 2796 279.6 2796 279.6
DISPERSE BLUE 74 STD 299.0 299.0 289.0 299.0 299.0 299.0 299.0

ACID RED 64 STD 361.8 361.8 361.8 361.8 361.8 361.8 351.8

ACID BLUE 8 §TD 328.0 328.0 328.0 328.0 328.0 328.0 328.0
BASIC VIOLET 10 STD 208.4 208.4 208.4 208.4 208.4 208.4 208.4]

2-AMINCANTHRAQUINONE STD 373.8 373.8 3738 373.8 373.8 373.8 3738
SOLVENT ORANGE 3 STD 255.8 255.8 255.8 255.8 255.8 2558 255.8
1-AMINOANTHRAQUINONE STD 257.0 257.0 257.0 257.0 257.0 257.0 257.0
SOLVENT YELLOW 14 STD 283.2 283.2 283.2 283.2 283.2 283.2 283.2
SOLVENT ORANGE 7 STD 288.0 288.0 288.0 288.0 288.0 268.0 288.0
ACID YELLOW 3 STD 334.8 334.8 3348 3348 334.8 3348 334.8
SOLVENT YELLOW 3 STD 302.0 302.0 302.0 302.0 302.0 302.0 302.0
SOLVENT RED 1 STD 463.8 463.8 463.8 463.8 463.8 463.8 463.8
DISPERSE RED 9 5TD 306.0 6.0 306.0 306.0 306.0 306.0 306.0
SOLVENT YELLOW 2 STD 394.0 394.0 394.0 384.0 394.0 3940 384.0
SOLVENT GREEN 3 STD 314.0 3140 314.0 314.0 314.0 3140 314.0
SOLVENT RED 24 STD 56.8 56.8 56.8 56.8 56.8 56.8 56.8
ANTHRACENE 415.4 415.4 4154 A415.4 415.4 4154 415.4
BENZANTHRONE 243.2 243.2 243.2 243.2 243.2 243.2| 243.2




SO0ILS | S002LS | S008LS | S004LS

[ S005LS | S006LS | S007LS

Weight of Stock Standard Spiked

SPIKE VOLUME EACH DYE 100.0 100.0 100.0 100.0 100.0 100.0 100.0
AB45 SPIKE WEIGHT 344 34.4 34.4 344 344 34.4 34.4
AY23 SPIKE WEIGHT 28.1 28.1 28.1 281 28.1 28.1 28.1
AY73 SPIKE WEIGHT 35.1 35.1 35.1 35.1 3541 35.1 35.1

© AO10 SPIKE WEIGHT 30.7 30.7 30.7 30.7 30.7 307 30.7
AB1 SPIKE WEIGHT 36.9 36.9 35.9 369 36.9 36.9 36.9
BY2 SPIKE WEIGHT 26.4 264 26.4 26.4 26.4 26.4 26.4
Dv1 SPIKE WEIGHT 26.0 26.0 260 26.0 26.0 26.0 26.0
5Y33 SPIKE WEIGHT 28.0 28.0 28.0 28.0 28.0 28.0 28.0
DB14 SPIKE WEIGHT 28.9 29.9 29.9 289 290.9 299 29.9
AR64 SPIKE WEIGHT 36.2 36.2 36.2 36.2 36.2 36.2 36.2
AB9 SPIKE WEIGHT 32.8 32.8 328 328 32.8 328 32.8
BV10 SPIKE WEIGHT 20.8 20.8 208 20.8 20.8 20.8 20.8
2AQ SPIKE WEIGHT 37.4 374 37.4 374 37.4 37.4 37.4
S03 SPIKE WEIGHT 25.6 25.6 25.6 25.6 25.6 256 25.6
1AQ SPIKE WEIGHT 25.7 25.7 257 257 25.7 257 25.7
S$Y14 SPIKE WEIGHT 28.3 28.3 28.3 28.3 283 28.3 28.3
S0O7 SPIKE WEIGHT 28.8 28.8 28.8 28.8 28.8 28.8 28.8
AY3 SPIKE WEIGHT 35 33.5 33.5 335 33.5 335 33.5
SY3 SPIKE WEIGHT 30.2 30.2 30.2 30.2 30.2 30.2 30.2
SR1 SPIKE WEIGHT 46.4 46.4 46.4 46.4 46.4 46.4 465.4
DR9 SPIKE WEIGHT 30.6 30.6 30.6 308 306 30.6 30.6
SY2 SPIKE WEIGHT 39.4 35.4 39.4 384 39.4 39.4 35.4
SG3 SPIKE WEIGHT 31.4 31.4 314 31.4 314 31.4 31.4
SR24 SPIKE WEIGHT 5.7 57 57 5.7 57 5.7 5.7
AN SPIKE WEIGHT 41.5 41.5 41.5 41.5 41.5 41.5 415
BZ SPIKE WEIGHT 243 24.3 24.3 24.3 24.3 24.3 24.3




S00TLS | S002LS |

S003LS

S004LS

[ S005LS | SO06LS | S007LS

Weight Standard per Volume Sample

MATRIX VOLUME (WATER) NA NA NA NA NA NA NA_ |

MATRIX WEIGHT (SOIL) 0.0100046| 0.0100175] 0.0100136| 0.0100155[ 0.0100428] 0.0100303] 0.0100841
SPIKE CONG AB45 NA NA NA NA NA NA NA
SPIKE CONC AY23 NA NA NA NA NA NA NA
SPIKE CONC AY73 NA NA NA NA NA NA NA
SPIKE CONC AC10 NA NA NA NA NA NA NA
SPIKE CONC AB1 NA NA NA NA NA NA NA
SPIKE CONC BY2 NA NA HA NA NA NA NA.
SPIKE CONG DV NA NA NA NA NA NA NA
SPIKE CONC $Y33 NA NA NA NA NA NA NA
SPIKE CONC DB14 NA NA NA NA NA NA NA
SPIKE CONC AR64 NA NA NA NA NA NA NA
SPIKE CONC ABS NA NA NA, NA NA NA NA
SPIKE CONC BV10 NA NA NA NA NA NA NA
SPIKE CONC 2AQ NA NA NA NA NA NA NA

SPIKE CONC SO3 NA NA NA NA NA NA NA ]
SPIKE CONC 1AQ NA NA NA NA NA NA NA
SPIKE CONC 5Y14 NA NA NA NA NA NA NA
SPIKE CONC SO7 NA NA NA NA NA NA NA

SPIKE CONC AY3 NA NA NA NA NA NA NA ]
SPIKE CONC 573 NA NA NA NA NA NA NA
SPIKE CONC SR NA NA NA NA NA NA NA
SPIKE CONC DR9 NA NA NA NA NA NA NA
SPIKE CONC SY2 NA NA NA NA NA NA NA
SPIKE CONC 5G3 NA NA NA NA NA NA NA
SPIKE CONC SR24 NA NA NA NA NA NA NA
SPIKE CONC AN NA NA NA NA NA NA NA
SPIKE CONC BZ NA NA NA NA NA NA NA




S001LS §002LS S003LS S004LS S005LS SO06LS S007LS
SPIKE CONC AB45 3411.73 3437.98 3439.32 3438.67 3429.32 3433.60 3415.28
SPIKE CONC AY23 2785.65 2807.09 2808.18 2807.65 2800.02 2803.51 2788.55
SPIKE CONC AY73 3477.11 3503.87 3505.23 3504.57 3495.04 3499.40 3480.73
SPIKE CONC AO10 3045.19 3068.63 3069.83 3069.24 3060.90 3064.71 3048.36
SPIKE CONC AB1 3657.40 3685.55 3686.99 3686.29 3676.27 3680.85 3661.21
SPIKE CONC BY2 2617.24 2637.38 2638.41 2637.91 2630.74 2634.02 2619.97
SPIKE CONC DV1 2577.62 2587.45 2598.47 2597.97 2590.91 2594.14 2680.30
SPIKE CONC 8Y33 2769.80 279112 2792.20 2791.67 2784.08 2787.55 2772.68
SPIKE CONC DB14 2961.98 2984.78 2085.94 2985.37 2677.26 28580.97 2965.06
SPIKE CONC ARG4 3584.09 3611.68 3613.09 3612.40 3602.58 3607.07 3587.83
SPIKE CONC ABS 3249.26 3274.27 3275.55 3274.92 3266.02 3270.09 3252.65
SPIKE CONC BV10 2064.47 2080.36 - 208117 2080.77 2075.12 2077.70 2066.62
SPIKE CONC 2AQ 3702.97 3731.47 3732.92 | 3732.22 372207 3726.71 3706.83
SPIKE CONC 503 2534.03 2553.53 2554.53 2554.04 2547.10 2550.27 2536.67
SPIKE CONGC 1AQ 2545.92 2565.51 2566.51 2566.02 2659.05 2562.24 2548.57
SPIKE CONC 8Y14 2805.46 2827.05 2828.15 2827.62 2819.93 2823.44 2808.38
SPIKE CONC SQ7 2853.01 2874.97 2876.09 2875.54 2867.73 2871.30 2855.98
SPIKE CONG AY3 3316.62 3342.15 3343.45 3342.82 3333.73 3337.89 3320.08
SPIKE CONC SY3 2961.70 3014.72 3015.90 3015.33 3007.13 3010.88 2994.81
SPIKE CONC SR1 4594.54 4629.90 4631.70 4630.82 4618.23 4623.99 4599.32
SPIKE CONC DRY 3031.32 3054.65 3055.84 3055.26 3046.96 3050.76 3034.48
SPIKE CONC SY2 3903.08 3933.12 3934.65 3933.80 3923.21 3928.10 3907.14
SPIKE CONC S8G3 3110.57 3134.51 3135.74 3135.14 3126.62 3130.51 3113.81
SPIKE CONC SR24 562.68 567.01 567.23 567.12 565.58 566.28 563.26
SPIKE CONC AN 4115.07 4146.74 4148.36 4147.57 4136.30 4141.45 4113.36
SPIKE CONC BZ 2409.21 2427.75 2428.70 2428.24 2421.64 2424.65 2411.72




SO0TLS | S002LS | S003(S | S004LS | SOOSLS | SO06LS | SO007LS
Resuits from HPLC

HPLC RESULT AB45 2.418 2.182] 2.468 2.439 2.354 1.806 1.964
HPLC RESULT AY23 3.030 3.318 3.020 3.133 2.994 2.890 3.870
HPLC RESULT AY73 4105 4317 4.293 4,083 4272 4.174 4.105
HPLC RESULT AQ10 6.641 5.840 6.701 6.344 6.679 6.499 6.502
HPLC RESULT AB1 0.841 0.892 0.592 0.685 0.744 1.035 0.000
HPLC RESULT BY2 24.270 26.331 26.4% 24976 25.997 25.005 25.836
HPLC RESULT DV1 1.266 1.775 1.453 1,565 1.735 1.368 0.000
HPLC RESULT SY33 5464 2.698 2.704 2610 2,670 2631 2661
HPLC RESULT DB14 2.285 2.555 2.662 2.896 3.001 2749 2915
HPLC RESULT ARG4 5.455 5913 5.762 5.353 5.728 5.838 5.848
HPLC RESULT AB9 0.196 0.235 0.207 0.156 0.136 0.074 0.111
HPLC RESULT BV10 2.897 3.029 2.914 2737 2.854 2.790 2.882
HPLC RESULT 2AQ 4.338 4.386 4,549 4.345 4.535 4.344 4.139
HPLC RESULT 503 2,152 2170 2165 2142 2,229 2133 2128
HPLC RESULT 1AQ 2 604 2575 3.070 2938 2957 2833 2.932
HPLC RESULT §Y14 2379 2.419 2.476 2338 2.496 2.486 2.439
HPLC RESULT 807 3.018 3.279 3.321 3.205 3.319 3.201 3.290
HPLC RESULT AY3 3.35% 3.552 3.404 3.387 3.472 3.375 0.000
HPLC RESULT SY3 5.597 5.870 5917 5710 5.887 5.822 5.818
HPLC RESULT SR1 5178 5.366 7.493 8.896 5.780 5.270 5.228
HPLC RESULT DR9 2.521 2.697 2.820 2,593 2632 2751 2794
HPLC RESULT 8Y2 3239 3.585 3.585 3.475 3.656 3.518 3.551
HPLC RESULT 5G3 3.620 3106 3.535 3.383 2.940 3.049 2310
HPLC RESULT SR24 0.000 0.000 0.000 0.000 0.000 0.000 0.000

HPLC RESULT AN 3420 3815 3.83 3.727 3.804 3.734 3.801

HPLC RESULT BZ 3.043 3.143 3.119 3.113 3.201 3.120 an




S00ILS | S002LS | S003LS S004LS | SO0G5LS | S006LS | S007LS
Final Sample Results
CF (STD INJ VOL VS SAM INJVOL) 2 2 2 2 2 2 2

FINAL VOLUME 10.000 10.000 10.00 10.000 10.000 10.000 10.000
CORRECTED RESULT AB45 1196.68]  1089.09 123232 1217.61]  1171.98 900.27 973.81
CORRECTED RESULT AY23 1500.80]  1656.10 1507.95 1564.08]  1490.62] 144063,  1918.86
CORRECTED RESULT AY73 2033271 2154.73 214358 2038.34] 2126.90] 2080.70]  2035.38
CORRECTED RESULT AQ10 3289.38]  3414.03 334595 3167.09] 3325.27| 3239.88) 322389
CORRECTED RESULT AR1 416.56 445.22 295,60 341.97 370.41 515.54 0.00
CORRECTED RESULT BY2 12021.28] 13142.50] 13197.55]  12468.67] 1294310] 12464.73] 1581027
CORRECTED RESULT DV1 627.07 885.95 72551 761.29 863.80 661.93 0.00
CORRECTED RESULT SY33 1220.45]  1346.64 135016 $302.98] 1329.31|  1311.83] 1319.40
CORRECTED RESULT DB14 1131.79] 127527 132919 1445.76]  1494.11 1370.35| 144534
CORRECTED RESULT ARS4 2721.75]  2951.34 2877.09 2672.36| 2851.78|  2910.18] 289961
CORRECTED RESULT AB9 97.08 117.29 103.36 77.88 67.71 36.89 55.04
CORRECTED RESULT BV40 1434.93]  1571.85 1455.02 1366.38]  1435.85]  1390.78 1428.98
CORRECTED RESULT 2AQ 214867 2189.17 2271.41 2169.14|  2057.84|  2165.4a4] 205224
CORRECTED RESULT SO3 1065.92]  1083.10 1081.03 1069.34]  1109.75] 1063.28]  1055.13
CORRECTED RESULT 1AQ 12689.80] 1484.90 1532.92 1465.73| 147220 141222] 1453.77
CORRECTED RESULT SY14 1178.35]  1207.39 1236.32 1167.19] 124288 123935 1209.33
CORRECTED RESULT SG7 1494.86] 163664 1658 24 1600.02| 1652.43|  1595.67|  1631.28
CORRECTED RESULT AY3 1659.80]  1772.80 1698.69 1690.88] 1728.60]  1682.40 0.00
CORRECTED RESULT SY3 2772.27] 292987 2954.48 2850.58|  2930.96] 290221 288474
CORRECTED RESULT SH1 2564.74]  2678.31 374141 444112| 2877.68|  2627.04] 2592.20
CORRECTED RESULT DRg 1248.69] 134614 1406.09 1294.49] 1310.39]  1371.38] 138535
CORRECTED RESULT §2 1604.32]  1789.37 1790.07 1734.81]  18206.21]  1753.89] 1760.69
CORRECTED RESULT 5Ga3 1793.04|  1550.29 1765.10 1688.88] 1463.74]  1519.80] 114537
CORRECTED RESULT SR24 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULTAN | i693.g7| 180417 1912.40 1860.62| 189389 186138 188465
CORRECTED RESULTBZ | ~ 1507.24] _ 1568.75 1557.38 1554.08]  1593.68]  1555.29] 1572.28




SOOTLS | 500205 | S003LS | S004LS | SOOSLS | SO06LS | SOO7LS |

Percent Recoveries

% RECOVERY AB45 35.08 31.68 3583 35.41 34.18 26.22 28.51
% RECOVERY AY23 53.88 59.00 53.70 55.71 53.24 51.39 68.81
% RECOVERY AY73 58.48 61.50 61.15 58.16 60.85 59.46 58.48
% RECOVERY AQ10 108.02 111.26 108.99 103.19 108.64 105.71 105.76
% RECOVERY AB1 11.39 12.08 8.02 9.28 10.08 14.02 0.00
% RECOVERY BY2 459.31 498.32 500.21 472.67 491.99 473.22 488.95
% RECOVERY DV1 24,33 34.11 27.92 30.07 3334 26.29 0.00
% RECOVERY SY33 44.06 48.25 4835 46.67 4775 47.05 4759
% RECOVERY DE14 38.21 4273 4452 48.43 50.18 4597 48.75
°% RECOVERY AR64 75.94 81.72 79.63 73.98 79.16 80.68 80.82
% REGOVERY AB9 2.99 3.58 3.16 2.38 207 1.13 1.69
% RECOVERY BV10 69.51 72.67 63.91 65.67 69.19 66.94 69.15
% RECOVERY 2AQ 58.03 58.67 60.85 58,12 60.66 58,11 55.36
% RECOVERY SO3 42.06 42.42 42.32 41.87 43.57 41 69 4159
% RECOVERY 1AQ 50.66 57.88 59.73 57.12 57.53 5512 57.04
% RECOVERY SY14 42.00 42.71 4371 41.28 44.07 43.89 43.06
% RECOVERY SO7 52,40 56.93 57.66 55.64 57.62 5557 57.12
% RECOVERY AY3 50,04 53.05 50.84 50.58 51.85 50.40 0.00
% REGOVERY SY3 92.67 97.18 97.96 94.54 97 47 96.39 96.32
% REGOVERY SR1 55.82 57.85 80.78 95.90 62.31 56.81 56.36
% RECOVERY DRZ 41.19 44.07 46.08 42.37 43.01 44.95 4585
% RECOVERY 8Y2 41.10 45.49 4549 44,10 46.40 44 54 45,06
% RECOVERY G4 57.64 49.46 56.29 53.87 46.82 48.55 36.78
% RECOVERY SR24 0.00 0.00 0.00 0.00 0.00 0.00 0.00

% RECOVERY AN 4117 45,92 46.10 44.86 4578 44.94 45.75

% RECOVERY BZ 62.56 64,62 64.12 64.00 65.81 64.14 65.19




SO01LS | S002LS | S003LS | S004LS | SO05LS | SODBLS | SO007LS
Square of Corrected Results

N 7 7 7 7 7 7 7
Xi*2 AB45 1432041.6] 1186125.9] 1518622.5] 1482580.7| 1373546.3| 810490.0] 9483064
Xir2” AY23 2252407.9] 2742673.2| 2273910.8] 2446332.7| 2221948.4] 2075428.8] 36820328
X2 AY73 4134167.8] 4642858.0| 4594855.5] 4154832.3] 4523690.3| 43292937 4142781.7
X2 AO10 1.082E+07| 1.166E+07| 1.120E+07| 1.003E+07| 1.106E+07| 1.050E+07| 1.039E+07
Xir2 AB1 173521.7| 1982216 873782 116943.4] 137207.0] 266190.7| 0.0
Xir2 BY2 1.445E408| 1.727E+08| 1.742E+08| 1.555E+08| 1.675E+08| 1.554E+08| 1.641E+08
Xir2 DV1 393214.2] 784906.7 526369.6 6104125 7461555 465033.6 0.0
Xin2 §Y33 1486509.2] 1813448.4| 18229422] 1697757.9| 1767066.5 1720100.6| 1740826.4
Xi*2 DB14 1280555.9] 1626309.2] 1766752.2| 2090219.3] 2232350.4] 18778532 20890271.2
Xi*2 ARG4 7407935.2| 8710379.2] 8277630.5| 71414965 8132730.8| 8469160.1| 84077626
Xi"2 AB9 94248 13758.1 10683.2 6065.2 4584.7 1360.7 3029.1
Xi*2 BV10 20590115 2285703.3| 2117086.6] 1867000.1| 2061678.3| 1934285.5] 20419903
Xi*2 2AQ 4616798.0| 4792460.7| 5158307.4] 4705159.0| 50978255| 4689124.9] 42116917
Xi*2 503 1136177.8| 11731155] 1168625.4| 1143493.4] 1231545.7| 1130560.7] 1113201.7
Xi*2 1AQ 1663580.2| 2204932.2] 2349829.1 2148358.9| 2167369.9] 1994368.1| 2113458.2
Xi"2 5Y14 1388515.3] 14577835 1528483.7| 1362334.5| 1544256.9| 1535728.4| 1462477.9
Xir2 507 2234602.3] 2678577.0| 2749775.8] 2560063.9] 2730517.0| 25461472 2661077.5
Xi'2 AY3 2754930.4] 3143165.3| 2888940.7| 2859072.3] 2988063.4| 28304776 0.0
X2 Sy3a 7685504.7| B584154.2] 8728063.3] B8125815.4] 8590500.2| 8422801.5| 83217211
Xi*2 5R1 6577878.9] 7173360.3] 13898161.4] 19723513.7| 82B1062.4| 69013395 6719498.8
Xi*2 DR9 1559220.3| 18121043} 1982703.4] 1675713.5] 17171259] 1880586.6] 1919192.4
Xi*2 SY2 2573852.6| 3201840.0] 32043345 3009569.4| 33131626/ 3075415.7] 31000383
Xi*2 SG3 3214984.8| 2403389.8) 3115576.1| 28523232 21425208 2310080.0] 1311866.6
Xi*2 SR24 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Xi*2 AN 2869551.3] 3625854.7| 3657270.5] 3451892.1] 3586835.0| 3464661.3| 3551906.0
X2 BZ 2271776.9] 2460991.2] 2425438.6] 2415199.3] 2539812.9] 2418919.1] 2472055.4




SO0ILS | S002LS | SO00SLS | S004LS | S005LS | S006LS | S007LS

Sum of the Square of Corrected Results

E Xin2 AB45 8.752E+06
E Xit2 AY23 1.769E+07
E Xinz AY73 3.052E+07
E Xin2 AQ10 7.565E+07
E Xin2 AB1 9.795E+05
E Xin2 By2 1.134E+09
E X2 D1 3.526E+06
E Xin2 SY33 1.205E+07
E Xi*2 DB14 1.296E+07
E Xin2 ARB4 5.655E+07
E Xi~2 AB9 4.891E+04
E Xiv2 BV1O 1.437E+07
E Xin2 2AQ 3.327E+07
E X2 S03 B.097E+06
E X2 1AQ 1.464E+07
E Xir2 SY14 1.028E+07
E Xin2 SO7 1.816E+07
E X2 AY3 1.746E+07
E X2 SY3 5.846E+07
E X2 SRt 6.937E+07
E X2 DR9 1.255E+407
E Xin2 §y2 2.148E+07
E Xir2 SG3 1.735E+07
E Xi"2 SR24 0.000E+00
E Xin2 AN 2.422E+07
E Xin2 BZ 1.700E+07




SO001LS | S002LS | S003LS | S004LS [ SO00S5LS | SO0BLS | S007LS
Sum of the Corrected Results Squared

{(E Xiy*2 AB45 6.056E+07
(E Xiy'2 AY23 1.227E+08
(EXip2 AY73 2.135E+08
(E Xi}»2 AD10 5.292E+08
{E Xiy'2 AB1 5.692E+06
(E Xipr2 BY?2 7.930E+09
{E Xi)*2 DV1 2.G84E+07
(E Xi}*2 5Y33 8.42B8E+07
(E Xiy»2 DB14 9.009E+07
(E X2 ARB4 3.954E+08
(E Xi)»2 AB9 3.083E+05
(E Xi)»2 BV10 1.005E+08
([E Xip2 24Q 2.3276+08
(E Xi)*2 503 5.666E+07
{(E Xi)*2 1AQ 1.022E+08
(EXiy2 SY14 7.192E+07
(E Xiy2 S07 1.270E+08
(EXih2 AY3 1.047E+08
(EXi)2 SY3 4.091E+08
{E Xi}*2 SR1 4.632E+08
(E Xi)»2 DRg 8.769E+07
(EXiy2 Sr2 1.501E+08
(E Xiy»2 SG3 1.194E+08
(E Xi)*2 SR24 0.000E+00
(EXi)2 AN 1.693E+08
(EXiy2 BZ 1.190E+08




S001L5 | S002LS | S003LS | S004LS

[ SPO5LS | SO06LS | SO07LS

Variance

872: VARIANCE AB45 16808.3
§A2: VARIANCE AY23 26616.0
§A2: VARIANCE AY73 2889.7
§n2: VARIANCE AO10 6946.5
SA2: VARIANCE AB1 277304
$12: VARIANCE BY?2 180169.0
SA2: VARIANCE DV1 91389.0
§A2: VARIANCE SY33 1911.9
$42: VARIANCE DB14 15470.5
§72: VARIANCE AR64 10745.6
S72: VARIANCE ABY 810.4
$72: VARIANCE BV10 2157.3
§/2: VARIANCE 2AQ 5354.5
S§42: VARIANCE S03 325.9
942: VARIANCE 1AQ 5954.6
SA2: VARIANCE SY14 906.9
§A2: VARIANCE 507 3142.1
S72: VARIANCE AY3 416960.1
Sn2: VARIANCE SY3 3835.3
Sh2: VARIANCE SR1 533467.3
5A2: VARIANCE DR9 3160.6
§172: VARIANCE SY2 4943.9
§A2: VARIANCE 5G3 49311.2
$12: VARIANCE 5R24 0.0

S12: VARIANCE AN 5668.0

SA2: VARIANCE BZ §98.5




SO0ILS | S002LS | SO003LS . | S004LS | S005LS | SO006LS | S007LS
Standard Deviation

STD DEVIATION AB4S 129.6
STD DEVIATION AY23 163.1
STD DEVIATION AY73 53.8
STD DEVIATION AO10 83.3
STD DEVIATION ABt 166.5
STD DEVIATION BY2 424.5
STD PEVIATION DV 302.3
STD DEVIATION SY33 43.7
STD DEVIATION DB14 124.4
STD DEVIATION ARG4 103.7
STD DEVIATION AB9 285
STD DEVIATION BV10 46.4
STD DEVIATION 2AQ 73.2
STD DEVIATION SO3 181
STD DEVIATION 1AQ 77.2
STD DEVIATION SY14 301
STD DEVIATION 807 56.1
STD DEVIATION AY3 645.7
STD DEVIATION 8Y3 61.9
STD DEVIATION SR1 730.4
STD DEVIATION DRS 56.2
STD DEVIATION SY2 70.3
STD DEVIATION SG3 222.1
STD DEVIATION SR24 0.0
STD DEVIATION AN 75.3
STD DEVIATION BZ 26.4




S001LS | S002LS |

S003LS | S004LS | SO005LS | SO06LS | 80078

Method Detection Limit

T(STUDENT'S T @ 99% FOR 6 DF) 3.140
MDL AB45 407.1
MDL AY23 512.3
MDL AY73 168.8
MDL AQ10 261.7
MDL AB1 522.9
MDL BY2 13328
MDL DV1 949.2
MDL SY33 137.3
MDL DB14 390.6
MDL ARG4 3285
MDL AB9 89.4
MDL BV10 145.8
MDL 2AQ 2208
MDL 803 56.7
MDL 1AQ 2423
MDL 8¥14 94.6
MDL SO7 176.0
MDL AY3 2027.6
MDL SY3 194.5
MDL SH1 2293.4
MDL DR9 176.5
MDL 5Y2 220.8
MDL SG3 697.3
MDL SR24 0.0

MODL AN 236.4
MDL BZ 83.0




TABLE VII-2

Solid Extraction Method, Long Gradient, High Spike

. Met
Sample Results (1g/Kg) Mean Result | Method Bias Starjdérd Precir;?:n
Ha/Kg (Accuracy) %R| Deviation (%RSD)
Sample {mean
Compounds Conc | SO0THS | SO002HS | SO03HS | SO04HS | SOOSHS | SO0BHS | SOOTHS | *Vo"™383amPle|  oquiygample |°id- dov. sample) (stddevimean
va/Ka result canc)'100 results result)* 100
ACID BLUE 45 17220 3665.7 5124.1 52731 4659.1 5307.2 51654 4834 .4 4861.3 28.2 577.5 11.9
ACID YELLOW 23 14060 5030.7 5180.8 5092.6 5117.4 4676.6 4728.9 5054.8 48831 354 197.9 4.0
ACID YELLOW 73 17550 5457.9 5473.9 5290.4 5449.5 5002.5 5068.8 5349.2 5298.9 30.2 192.4 3.6
ACID ORANGE 10 15370 8295.9 8464.0 8279.4 8302.1 7679.3 7746.5 8177.0 8134.9 52.9 300.9 3.7
ACID BLUE 1 18460 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BASIC YELLOW 2 13210 344718 35455.7 34294.8 34672.8 30980.0 31076.8 33344.8 33470.9 253.4 1780.3 53
DISPERSE VIOLET 1 13010 3908.6 3688.8 3657.6 3943.1 3464.8 3366.0 3883.7 3701.8 28.5 2255 6.1
SOLVENT YELLOW 33 13980 3182.0 3250.6 3243.3 3198.7 2937.6 2981.9 3143.5 3133.9 22.4 125.1 4.0
DISPERSE BLUE 14 14950 2781.5 3569.8 3339.9 3018.2 2737.2 2770.5 2836.2 3007.6 20.1 325.7 10.8
ACID RED 64 18090 6263.8 6367.5 6289.2 6375.9 5858.0 5742.4 6100.8 6142.5 34.0 253.0 41
ACID BLUE 9 16400 478.3 476.6 473.9 514.1 4758 403.2 349.5 453.1 2.8 56.4 12.4
BASIC VIOLET 10 10420 40151 4052.4 3986.3 3968.5 3689.2 3723.5 3955.7 3913.0 37.6 145.0 3.7
2-AMINOANTHRAGUINONE 18690 6018.0 6402.5 6111.3 6159.5 5442.5 5683.3 6007.5 5974.9 32.0 318.1 5.3
SOLVENT ORANGE 3 12790 2963.9 2926.4 2906.2 2899.0 2679.3 2720.5 2914.6 2858.6 22.4 111.0 3.9
1-AMINOANTHRAQUINONE | 12850 4090.5 4253.7 4105.2 4139.1 3640.7 3817.8 4103.1 4021.4 31.3 213.2 5.3
SOLVENT YELLOW 14 14160 33074 34149 3341.9 3343.8 3058.1 3102.3 3304.3 3268.4 23.1 134.2 4.1
SOLVENT ORANGE 7 14400 4303.6 4793.5 4605.9 4660.6 3915.1 4390.0 4558.9 4461.1 31.0 291.2 6.5
ACID YELLOW 3 16740 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SOLVENT YELLOW 3 15100 7448.9 7751.5 7569.1 7537.2 63811.0 7036.2 7430.8 7383.5 48.9 301.1 4.1
SOLVENT RED 1 23190 5303.3 5167.5 6168.8 6139.1 52411 4752.7 4954.5 5389.6 23.2 554.2 10.3
DISPERSE RED 9 15300 3349.0 3508.7 3433.1 3310.4 3062.5 3152.8 3386.8 3314.7 21.7 157.0 4.7
SOLVENT YELLOW 2 19700 4495 4 4594.7 4532.5 4450.7 4083.2 4132.0 4422.8 4387.3 22.3 199.5 4.5
SOLVENT GREEN 3 15700 3360.4 2235.2 13683.3 11536.7 10682.6 8903.7 6624.1 8146.6 51.9 4268.5 52.4
SOLVENT RED 24 2840 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANTHRACENE 20770 4877.0 5055.0 4955.3 4868.6 4560.0 4622.7 4913.3 4836.0 23.3 179.2 3.7
BENZANTHRONE 12160 3896.7 4099.3 3976.4 3998.0 3610.8 3760.7 3976.5 3902.6 32.1 165.3 4.2




Compounds

% RECOVERY AB45
% RECOVERY AY3
% RECOVERY AY23
% RECOVERY AR6&4
% RECOVERY AY73
% RECOVERY AOQ10
% RECOVERY ABS
% RECOVERY DV1
% RECQOVERY AB1
% RECOVERY 2AQ
% RECOVERY SC3
% RECOVERY 8Y33
% RECOVERY 1AQ
% RECOVERY DB14
% RECOVERY BY2
% RECOVERY SY3
% RECOVERY BV10
% RECOVERY DR9S
% RECOVERY BZ

% RECOVERY 8Y2
% RECOVERY AN
% RECOVERY 8Y14
% RECOVERY SH1
% RECOVERY SO7
% RECOVERY SG3
% RECOVERY SR24

%o
%
Yo
%
%
%o
Y%
Y%
%o
%
Y%
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%
Yo
Y
%
%
%
%
%
%
%
%
%
%
%

TABLE Vil - 2A

PERCENT RECOVERIES

SOIL METHOD

HIGH SPIKE, LONG GRADIENT

Ret. Time S001HS S002HS SO003HS S004HS

6.439
13.372
14.513
14.9
17.353
18,752
21,657
22.77
23.733
23.758
24.783
28.259
28.853
34.023
35.367
35.998
36.018
36.142
36.724
39.91
40.641
44.36
44.811
50.894
57.448
57.994

30
e

21

0

36
35
N
54
3

2
23
23
32
19

50
39
22
32
23
24
24
23
30
22

30 31
-0 o
37 37
36 35
32 30

27
L0
36

35

S005HS SO006HS S007HS

31

o

34
33
29
51
3
27
.0
30
21
21
29
19

5239

47
36
20
30
21
22
22
23
28
69

BT 0 JECAR

32

35
33
30
53

3
27

22
22
AH
19
247
49
38
22
32
22
23
23
22
32
60

L0

Lo 0 N
32

28
R
36
34
31
5
LR

30

20

32
23
23
32
19
50
38
22
33
23
24
24
22
32
42



S001HS | S002HS | SO03HS | S004HS | SO05HS | SO06MS | S007HS
Stock Standard Concentrations

ACID BLUE 45 87D 34441 3444 344 4 34d.4 344 4 3444 344 4
ACID YELLOW 23 STD 281.2 281.2 2812 281.2 281.2 281.2 281.2
ACID YELLOW 73 STD 351.0 351.0 351.0 351.0 3510 3510 351.0
ACID ORANGE 10 8TD 074 307 .4 307.4 307.4 307.4 307.4 307.4
ACID BLUE 1 8TD 369.2 369.2 369.2 369.2 369.2 369.2 369.2
BASIC YELLOW 2 §TD 264.2 264.2 264.2 264.2 264.2 264.2 264.2
DISPERSE VIOLET 1 STD 260.2 260.2 260.2 260.2 260.2 260.2 260.2
SOLVENT YELLOW 33 87D 279.6 279.6 2796 279.6 279.6 2798 2796
DISPERSE BLUE 14 STD 2590 299.0 299.0 299.0 299.0 299.0 299.0
ACID RED 64 STD 361.8 361.8 361.8 361.8 361.8 361.8 3618
ACID BLUE 9 5TD 328.0 328.0 328.0 328.0 328.0 328.0 328.0
BASIC VIOLET 10 STD 208.4 208.4 208.4 208.4 208.4 208.4 208.4
2-AMINOANTHBAQUINONE STD 373.8 3738 3738 3738 3738 3738 373.8
SOLVENT ORANGE 3 STD 2558 255.8 2558 D55.8 2558 255.8 255.8
1-AMINOANTHRAQUINONE STD 257.0 257.0 257.0 257.0 257.0 257.0 257.0
[~ SOLVENT YELLOW 14 STD 283.2 283.2 283.2 283.2 283.2 283.2 283.2
SOLVENT OBANGE 7 STD 288.0 288.0 288.0 288.0 288.0 288.0 388.0
ACID YELLOW 3 §TD 334.8 3348 334.8 334.8 334.8 334.8 334.8
SOLVENT YELLOW 3 STD 302.0 302.0 302.0 302.0 302.0 302.0 3020
SOLVENT RED 1 10 4638 4638 4838 4638 4638 4638 4638
DISPERSE RED 9 STD 306.0 306.0 306.0 306.0 306.0 306.0 306.0
SOLVENT YELLOW 2 STD 394.0 394.0 394.0 304.0 394.0 3940 394.0
SOLVENT GREEN 3 STD 3140 314.0 314.0 314.0 3140 314.0 314.0
SOLVENT RED 24 STD 56.8 56.8 56.8 56.8 56.8 56.8 56.8
ANTHRACENE 415.4 415.4 415.4 4154 415.4 415.4 4154
BENZANTHRONE 243.2 243.2 243.2 243.2 243.2 243.2 2432




SO0THS [ S002HS [ SO03HS S004HS S006HS | S006HS | S007HS
Weight of Stock Standard Spiked

SPIKE VOLUME EACH DYE 560.0 500.0 500.0 5000 500.0 500.0 500.0
AB45 SPIKE WEIGHT 172.2 172.2 172.2 172.2 172.2 1722 172.2
AY23 SPIKE WEIGHT 140.6 140.6 1406 140.6 140.6 1406 140.6
AY73 SPIKE WEIGHT 1755 175.5 175.5 1755 175.5 175.5 175.5
AO10 SPIKE WEIGHT 153.7 153.7 153.7 153.7 153.7 153.7 153.7
AB1 SPIKE WEIGHT 184.6 184.6 1846 1846 1846 184.6 184.6
BY2 SPIKE WEIGHT 132.1 1321 132.1 1321 132.1 132.1 13241
DV1 SPIKE WEIGHT 130.1 130.1 1301 1301 130.1 1301 130.1
§Y33 SPIKE WEIGHT 139.8 139.8 139.8 132.8 1398 139.8 139.8
DB14 SPIKE WEIGHT 149.5 148.5 148.5 149.5 1495 149.5 149.5
ARG4 SPIKE WEIGHT 1809 180.9 180.9 180.9 180.9 180.9 180.9
AB9 SPIKE WEIGHT 164.0 164.0 164.0 164.0 164.0 164.0 164.0
BV10 SPIKE WEIGHT 104.2 104.2 1042 104.2 104.2 104.2 104.2
2A0) SPIKE WEIGHT 186.9 186.9 186.9 186.9 186.9 186.9 186.9
503 SPIKE WEIGHT 127.9 127.9 127.9 127.9 127.9 127.9 127.9
1AQ SPIKE WEIGHT 128.5 1285 1285 1285 1285 128.5 1285
8Y14 SPIKE WEIGHT 1416 1416 1416 1416 141.6 141.6 1416
507 SPIKE WEIGHT 144.0 144.0 144.0 144.0 144.0 144.0 144.0
AY3 SPIKE WEIGHT 167.4 167.4 167.4 167.4 167.4 167.4 167.4
SY3 SPIKE WEIGHT 151.0 151.0 151.0 151.0 151.0 151.0 151.0
SR1 SPIKE WEIGHT 2319 231.9 2319 231.9 231.9 231.9 231.9
DR9 SPIKE WEIGHT 153.0 153.0 153.0 153.0 153.0 153.0 153.0
SY2 SPIKE WEIGHT 197.0 197.0 1970 197.0 197.0 197.0 197.0
SG3 SPIKE WEIGHT 157.0 157.0 157.0 157.0 157.0 157.0 157.0
SR24 SPIKE WEIGHT 28.4 284 28.4 28.4 28.4 284 284
AN SPIKE WEIGHT 207.7 2077 207.7 207.7 207.7 207.7 207.7
BZ SPIKE WEIGHT 121.6 121.6 121.6 1216 1216 1216 1216




SO0THS | S002HS | SO003HS | S004HS | S005HS | S006HS | S007HS
Weight Standard per Volume Sample
MATRIX VOLUME (WATER} NA NA NA NA NA NA NA
MATRIX WEIGHT (SOIL) 0.0100881 0.0101335 0.0100871 0.0100276 0.0102040| 0.0105035; 0.0100716

SPIKE CONC AB45 NA NA NA NA NA NA NA
SPIKE CONC AY23 NA NA NA NA NA NA NA
SPIKE CONC AY73 NA NA NA NA NA NA NA
SPIKE CONC AD10 NA NA NA NA NA NA NA
SPIKE CONC AB1 NA NA NA NA NA NA NA
SPIKE CONC BY2 NA NA NA NA NA NA NA
SPIKE CONC DVA NA NA NA NA NA NA NA
SPIKE CONC §Y33 NA NA NA NA NA NA NA
SPIKE CONC DB14 NA NA NA NA NA NA NA
SPIKE CONC AR64 NA NA NA NA NA NA NA
SPIKE CONC ABS NA NA NA NA NA NA NA
SPIKE CONC BV10 NA NA NA NA NA NA NA
SPIKE CONC 2AQ NA NA NA NA NA NA NA
SPIKE CONC 503 NA NA NA NA NA NA NA
SPIKE CONC 1AQ NA NA NA NA NA NA NA
SPIKE CONC SY14 NA NA NA NA NA NA NA
SPIKE CONC 807 NA NA NA NA NA NA NA
SPIKE CONC AY3 NA NA NA NA NA NA NA
SPIKE CONC SY3 NA NA NA NA NA NA NA
SPIKE CONC SR1 NA NA NA NA NA NA NA
SPIKE CONC DR9 NA NA NA NA NA NA NA
SPIKE CONC SY2 NA NA NA NA NA NA NA
SPIKE CONC 8G3 NA NA NA NA NA NA NA
SPIKE CONC SR24 NA NA NA NA NA NA NA
SPIKE CONC AN NA NA NA NA NA NA NA
SPIKE CONC 82 NA NA NA NA NA NA NA




SO00THS S002HS S003HS S004HS §005HS S006HS S007HS
SPIKE CONC AB45_ 17069.62]  16993.14 17071.31 17172.60 16875.74] __16394.54]  17097.58
SPIKE CONC AY23 13937.21]  13874.77 1393859 14021.30 13778.91|  13386.01]  13960.05
SPIKE CONC AY73 17396.73] _ 17318.79 17398.46 17501.70 17199.14|  16708.72| 1742524
SPIKE CONC AO10 15235.77| _ 15167.51 15237.28 15327.70 1506272, 14633.22]  15260.73
SPIKE CONC ABT 18298.79] _ 18216.81 18300.60 18409.19 18090.94|  17575.09]  18a28.77
SPIKE CONC BY2 13094.64]  13085.97 13095.93 13173.64 1294580 12576.76] _ 13116.09
SPIKE CONC DV1 1289638  12838.60 12897.66 12974.19 12749.90]  12386.35]  12917.51
SPIKE CONC §Y33 13857.91|  13795.83 13859.29 13941.52 13700.51| _ 13309.85] 1368061
SPIKE CONC DB14 14819.44| _ 14753.05 14820.91 14908.85 14651.12|  14233.35]  14843.72
SPIKE CONC AR64 17932.02] 1785168 17933.80 18040.21 17798.34| _ 17222.83|  17961.40
SPIKE CONC AB9 16256.78] _ 16183.94 16258.39 16354.86 1607213]  15613.84|  16283.41
SPIKE CONC BV10 10329.00]  10282.73 10330.03 10391.32 10211.68 9920.50|  10345.92
SPIKE CONC 2AQ 18526.78] 1844378 18528.62 18638.56 18316.35]  17794.07|  1B557.13
SPIKE CONC SO3 12678.30] _ 12621.50 12679.56 12754.80 12534.30]  12176.89] _ 12699.07
SPIKE CONC 1AQ 12737.78] _ 12680.71 12739.04 12814.63 12593.10]  12234.02]  12758.65
SPIKE CONC SY14 14036.34|  13973.45 14037.73 14121.03 13876.91]  13481.22] 14050.34
SPIKE CONC SO7 14274.24] _ 14210.29 1427566 14360.37 14112.11] _ 13709.72] 1429763
SPIKE CONC AY3 16593.81|  16519.47 16595.45 16693.92 16405.33]  15937.54|  16620.99
SPIKE CONC SY3 1496813 14801.07 14969.61 15058.44 14798.12]  14376.16] 1499265
SPIKE CONC SRt 22967.48|  22884.49 22969.76 23126.17 22726.38| _ 22078.35|  23025.14
SPIKE CONC DRS 15166.38|  15098.44 15167.89 15257 89 14994.12]  14566.57]  15191.23
SPIKE CONC 5Y2 19527.96)  19440.47 19529.89 19645.78 19306.15] _ 18755.65]  18559.95
SPIKE CONC 5G3 15562.89 _ 15493.17 15564.43 15656.79 15386.12]  14947.40| 15588.39
SPIKE CONC SR24 2815.20 2802.59 2815.48 2832.18 278322 2703.86 2819.81
SPIKE CONC AN 20586.61]  20496.37 20590.66 20712.83 20354.76] 19774.36]  20622.34
SPIKE CONC BZ 1205381]  11999.80 12055.00 12126.53 11916.90] _ 11577.08]  12073.55




SO0THS | S002HS | SO003HS | SO04HS | S005HS | SO06HS | S007HS
Results from HPLC

HPLC RESULT AB45 7.396 10.385 10.638 9.344 10.831 10.851 9.738
HPLC RESULT AY23 10.150 10.500 10.274 10.263 9.544 9,934 10.182
HPLC RESULT AY73 11.012 11.094 10.673 10.929 10.209 10.648 10.775
HPLC RESULT AO10 16.738 17.154 16.703 16.650 15.672 16.273 16.471
HPLC RESULT AB1 0.000 0.000 (0.000 0.000 0.000 0.000 0.000
HPLC RESULT BY2 69,551 71.858 69.187 69.537 63.224 65.283 67.167
HPLC RESULT DV1 7.886 7.476 7.379 7.908 7.071 7.071 7.823
HPLC RESULT SY33 6.420 6.588 6.543 6.415 5.995 6.264 6.332
HPLC RESULT DB14 5612 7.235 6.738 6.053 5.586 5.820 5713
HPLC RESULT ARG4 12.638 12.905 12.688 12.787 11.955 12,063 12.289
HPLC RESULT ABYS 0.965 0.966 0.956 1.031 0.971 0.847 0.704
HPLC RESULT BV10 8.101 8.213 8.042 7.959 7.529 7.822 7.968
HMPLC RESULT 2AQ 12.142 12.976 12.329 12.353 11.107 11.939 12.101
HPLC RESULT SO3 5.980 5.931 5.863 5814 5.468 5715 5871
HPLC RESULT 1AQ 8.253 8.621 B.282 8.301 7.430 8.020 B.265
HPLC RESULT SY14 6.673 6.921 6.742 6718 6.241 6.517 6.656
HPLC RESULT SO7 8.683 9.715 9.292 9.347 7.990 9.222 9.183
HPLC RESULT AY3 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT 8Y3 15.029 15.710 15.270 15.116 14104 14,781 14.968
HPLC RESULT SR1 10.700 10.473 12.445 12,312 10.696 9.984 9.980
HPLC RESULT DR9 6.757 7.111 6.926 6.639 6.250 6.623 5.822
HPLC RESULT SY2 9.070 9.312 9144 8.926 8.333 8.680 8.909
HPLC RESULT 5G3 6.780 4.530 27.805 23.137 21.801 18.704 13.343
HPLC RESULT SR24 0.000 0.000 0.000 0.000 0.000 0.000 0.000

HPLC RESULT AN 9.840 10.245 9.997 9.764 9.306 9.711 9.897

HPLC RESULT BZ 7.862 8.308 B 022 B.018 7.369 7.900 8.010
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S001HS | S002HS | S003HS | S004HS | SO05HS | SO06HS [ SOO7HS
Final Sample Results
CF (STD INJ VOL VS SAM iNJ VOL) 2 2 2 2 2 2 2

FINAL VOLUME 10.000 10.000 10.000 10.000 10.000 10.000 16.000
CORRECTED RESULT AB45 3665.71 5124.09 5273.07 4659.14 5307.23 5165.42 4834.39
CORRECTED RESULT AY23 5030.68 5180.84 5092.64 5117.38 4676.60 4728.90 5054.81
CORRECTED RESULT AY73 5457.92 5473.92 5290.42 5449.46 5002.45 5068.79 5348.20
CORRECTED RESULT AQ10 8295.91 8464.01 8279.39 8302.09 7679.34 7746.47 8176.95
CORRECTED RESULT AB1 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT BY2 34471.80|  35455.67 34294.79 34672.80 30980.01]  31076.78|  33344.75
CORRECTED RESULT DV1 3908.57 3688.76 3657.64 3943.12 3464.82 3366.02 3883.69
CORRECTED RESULT §Y33 3181.97 3250.60 324325 3198.67 2937.57 2081.86 3143.49
CORRECTED RESULT DB14 2781.50 3569.84 3339.91 3018.17 2737.16 2770.51 2836.19
CORRECTED RESULT AR64 6263.82 6367.49 6289.22 6375.90 5858.00 5742.37 6100.82
CORRECTED RESULT AB3S 478.29 476.64 473.87 514.08 47579 403.20 349.50
CORRECTED RESULT BV10 4015.13 4052.40 3986.28 3968.55 3689.24 a723.52 30955.68
CORRECTED RESULT 2AQ 6017.98 6402.53 6141.27 6159.50 5442.47 5683.34 6007.49
CORRECTED RESULT 503 2963.89 2926.43 2906.19 2859.00 2679.34 272052 2014.63
CORRECTED RESULT 1AQ 4080.46 4253.71 4105.24 4139.08 3640.73 3817.78 4103.12
CORRECTED RESULT SY14 3307.36 3414.91 3341.89 3349.75 3058.11 3102.30 3304.34
CORRECTED RESULT 507 4303.58 4793.51 4605.88 4660.64 3915.13 4389.97 4558.86
CORRECTED RESULT AY3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT 5Y3 7448.88 7751.52 7569.07 7537.20 6911.02 7036.23 7430.80
CORRECTED RESULT SR1 5303.28 5167.51 6168.77 6139.06 5241.08 4752.70 495453
CORRECTED RESULT DR9 3349.00 3508.66 3433.10 3310.36 3062.52 3152.76 3386.75
CORRECTED RESULT SY2 449540 4594.66 4532.52 4450.72 4083.20 4131.96 4422 83
CORRECTED RESULT SG3 3360.39 2235.16 13683.32 11636.66 10682.58 8903.70 6624.07
CORRECTED RESULT SR24 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT AN 4877.03 5055.02 4955.34 4868.56 4559.98 4522.74 4913.32
CORRECTED RESULT BZ 3896.67 4099.27 3976.37 3997.97 3610.84 3760.65 3976.53




SO0THS | S002HS | S003HS | S004HS | S00SHS | S006HS |  SO07HS
Percent Recoveries
% RECOVERY AB45 21.48 30.15 30.89 2713 31.45 31.51 28.28
% RECOVERY AY23 36.10 37.34 36.54 36.50 33.94 35.33 36.21
% RECOVERY AY73 31.37 31.61 30.41 31.14 29.09 30.34 30.70
% RECOVERY AQ10 54.45 55.80 54.34 54,16 50.98 52.94 53.58
% RECOVERY AB1 0.00 0.00 0.00 0.00 0.00 0.00 0.00
% RECOVERY BY2 263.25 271.98 261.87 263.20 239.30 247.10 254.23
% RECQVERY DV1 30.31 28.73 28.36 30.39 27.18 27.18 30.07
% RECOVERY 8Y33 22.96 23.56 23.40 22.94 21.44 22 40 22.65
% RECOVERY DB14 18.77 24.20 2254 20.24 18.68 19.46 19,11
% RECOVERY AR64 34,93 35,67 35.07 35.34 33.04 33.34 33.97
% RECOVERY AB9 2.94 2.85 2.91 3.14 2,96 2.58 2.15
% RECQVERY BV10 38.87 39.41 38.59 38.19 36.13 37.53 38.23
% RECOVERY 2AQ 32.48 34.71 32.98 33.05 28.71 31.94 32.37
% RECOVERY SO3 23.38 23.19 22.92 22,73 21.38 22.34 22.95
% RECOVERY 1AQ 32.11 33.54 32.23 32,30 28.91 31.21 32.16
% RECOVERY 5Y14 23.56 24.44 23.81 23.72 22,04 23.01 23.50
% RECOVERY SQO7 30.15 33.73 32.26 32.45 27.74 32,02 31.89
% RECOVERY AY3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
% RECOVERY SY3 49.76 52.02 50.56 50.05 46.70 48.94 48.56
% RECOVERY SR1 23.07 22,58 26.83 26.55 23,06 21.53 21.52
% RECQVERY DRS 22.08 23.24 22,63 21.70 20.42 21.64 2229
% RECQVERY SY2 23.02 23.63 23.21 22.65 21,15 22,03 22,61
% RECOVERY SG3 21.59 14.43 87.91 73.68 69.43 59.57 42.49
% RECQVERY SR24 0.00 0.00 0.00 0.00 0.00 0.00 0.00
% RECOVERY AN 23.69 24.66 24.07 23,51 22.40 23.38 23.83
% RECOVERY BZ 32.33 34.16 32.99 32.97 30.30 32.48 32.94




S001HS | S002HS | S003HS | S004HS | SO05HS | S006HS | SOO7HS
Square of Corrected Results

N 7 7 7 7 7 7 7
X2 AB45 13437394.2] 2626E+07| 2.781E+07] 217075927 28166716.4] 26681574.6] 23371286.0
Xir2 AY23 25307738.4| 26841060.0] 25835013.5] 26187537.6] 21870563.4| 22362494.2] 255510796
X2 AY73 20786844.5| 20063834.4| 279885484 20696608.8] 25024506.2| 25692597.5| 286138937.8
Xir2 AO10 6.882E+07| 7.164E+07|  6.855E+07] 6.892E+07] 5.897E+07| 6.001E+07] 6.686E+07
Xir2 AB1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
X2 BY2 1.188E+09| 1.257E+09]  1.176E+09]  1.202E+09] 9.508E+08| 9.658E+08] 1.112E+09
Xir2 DV 15276884.6] 13606914.3] 13378344.6] 15548171.7] 12004961.8] 11330096.4] 15083069.5
X2 8Y33 10124913.2] 10566429.2] 10518678.9] 10231500.4] B629338.1| 8891508.1] 9881545.7
Xi*2 DB14 7736714.6] 12743776.2] 11154994.7]  0109349.3]  7402055.3| 7675698.3] 8043989.9
Xi*2 AR64 38235388.2| 40544979.3] 39554250.4] 40652132.8] 34316127.3| 32974831.5] 37215982.0
X2 AB9 228757.8] 2271827 224555.2 264279.4 226379.7]  162569.4] 1221486
X2 BV10 16121242.7] 164219404  15850424.3] 15749363.8] 13610488.2| 13864606.6] 15647383.3
Xi*2 2AQ 362161023 400923427 37347631.2] 37939437.5] 29620518.2| 32300395.0] 36089892.8
Xi"2 S03 8784632.9] 8564005.0]  8445923.5]  8404193.8]  7178870.5] 7401238.5] 8495075.3
Xir2 1AQ 16731887.7| 18094073.7| 16853022.8] 171319514} 13254908.6] 14575406.2] 168356073
Xi"2 SY14 10938644.3] 11661616.7| 11168242.9] 11220856.4]  9352064.1| 9624260.5] 10918668.9
Xir2 S07 18520847.4| 22977706.3] 21214156.0] 21721533.9] 15328253.3| 19271794.9] 207831915
Xir2 AY3 00 0.0 0.0 0.0 0.0 0.0 0.0
X2 SY3 5.549E+07| 6.009E+07| 5.729E+07| 5.681E+07| 4.776E+07| 4.851E+07| 5522E+07
X2 SA1 28124758.8| 26703197.8| 380537235 37688011.1| 274689308 22588171.4] 245473239
Xi*2 DR9 11215769.9] 12310690.8] 11786159.9] 10858505.8]|  9379056.3| 0939886.8] 11470081.4
Xin2 SYz2 20208581.3| 21110912.2| 205437533 19808873.1| 16672544.0| 17073060.5] 19561447.5
Xi"2 8G3 11292254.0| 4995942.9] 187233199.6| 133094496.8] 114117418.5] 79275851.7] 438783252
XiA2 SR24 0.0 0.0 0.0 0.0 00 0.0 0.0
Xird AN 23785454.2| 25553182.1| 24555384.6] 23702903.4] 207933855 21369769.5 241407196
X2 BZ 15184039.7| 16804052.8] 15811485.4]  15983720.1] 13038157.5] 141424975 15812775.4




S001HS | SO002HS | S008HS | S004HS | SO005HS |

S006HS

i

S007HS

Sum of the Square of Corrected Results

E Xin2 AB4S 1.674E+08
E X2 AY23 1.741E+08
E Xir2 AY73 1.968E+08
E Xir2 AO10 4.638E+08
E Xir2 AB1 0.000E+00
E Xin2 BY2 7.861E+09
E Xir2 DV1 9.623E+07
E X2 SY33 6.884E+07
E Xin2 DB14 6.396E+07
E Xin2 ARG4 2.645E+08
E Xir2 AB9 1.456E+06
£ X2 BV1Q 1.073E+08
E Xin2 2AQ 2.505E+08
E Xih2 S0O3 5.727E+07
E Xir2 1AQ 1.135E+08
E Xi"2 5Y14 7.488E+07
E Xin2 507 1.398E+08
E Xin2 AY3 0.000E+00
E Xin2 8Y3 3.822E+08
E X2 SR1 2.052E+08
E Xir2 DRg9 7.706E+07
E Xz 82 1.350E+08
E Xin2 SG3 5.739E+08
E Xi"2 SR24 0.000E+00
E Xin2 AN 1.639E+08
E Xin2 BZ 1.068E+08




S00THS | SO00PHS |  S003HS | S004HS |  SOOSHS |

S006HS | SO007HS

Sum of the Corrected Results Squared

(E Xiy'2 AB45 1 {58E+09
(EXiy*2 AY23 1.217E+08
(E Xiy'2 AV73 7 376E+09
{E Xiy'2 AD10 3.243E409
(E Xip2 AB1 0.000E+00
(EXiyz BY2 5.489E+10
(E Xij2 DV 6.715E+08
(E Xiy'2 Y33 4.813E+08
(E Xiy"2 DB14 4.432E+08
(EXiy2 ARG4 1.849E+09
{E Xip2 ABS 1 O0BE+07
(E Xi)*2 BV10 7.503E+08
(E Xiy2 2AQ 1.749E+09
(E Xiy*2 503 4.004E+08
(E Xiy*2 1AQ 7.924E+08B
(EXiy'2 SY14 5.234E+08
(E Xiy'2 507 §.752E+08
(E Xiy'2 AY3 0.000E+00
{E Xiy'z §Y3 2 BT1E+09
(EXiy*2 SR1 1 423E+09
(E Xi)*2 DRY 5.384E+08
(EXiy2 572 9.432E+08
(E Xi)»2 5G3 3.252E+09
(E Xi)*2 SR24 0.000E+00
(EX*2 AN 1.146E+09
(E Xiy"2 BZ 7.463E+08




SO0THS | S002HS |  SO003HS | S004HS [ SO0SHS | S006HS | SOO7HS
Variance

S72: VARIANCE AB45 333500.2
S§n2: VARIANGCE AY23 33182.8
SA2: VARIANCE AY73 37004.0
$A2: VARIANCE AO10 90541 .1

$A2: VARIANCE AB1 0.0

S§72: VARIANCE BY2 3169454.3

$/2: VARIANCE DV 50845.9
S72: VARIANCE SY33 15639.1
$/2: VARIANCE DB14 106085.4
5§72, VARIANCE AR64 64021.0

$~2: VARIANCE AB9 31795
SA2: VARIANCE BV10 21018.4

S§2: VARIANCE 2AQ 101156.5

SA2: VARIANCE SO3 12320.4

S72: VARIANCE 1AQ 45444.7
§A2: VARIANCE SY14 18017.4

$/2: VARIANCE 807 84796 8

§°2: VARIANCE AY3 0.0

SA2: VARIANCE SY3 90641.5

5~2: VARIANCE SRt 307091.9

$72: VARIANCE DRS 24640.3

52 VARIANCE SY2 39788.8

§+2: VARIANCE SG3 18220514.3
S~2: VARIANCE SR24 0.0

SA2: VARIANCE AN 232009.8

5A2: VARIANCE BZ 27331.9] {




SO0THS | S002HS | S003HS | S004HS | S005HS | S006HS [ S007HS
Standard Deviation

5TD DEVIATION AB45 577.5

STD DEVIATION AY23 197.9

STD DEVIATION AY73 192.4

STD DEVIATION AO10 300.9

STD DEVIATION AB1 0.0

STD DEVIATION BY2 1780.3

STD DEVIATION DV1 225.5

STD DEVIATION SY33 125.1

57D DEVIATION DB14 325.7

STD DEVIATION AR64 253.0

i STD DEVIATION ABS 56.4
; STD DEVIATION BV10 1450
STD DEVIATION 2AQ 318.1
: STD DEVIATION SO2 111.0
STD DEVIATION 1AQ 2132

STD DEVIATION SY14 134.2

STD DEVIATION SO7 201.2

STD DEVIATION AY3 0.0

STD DEVIATION SY3 3011

STD DEVIATION SR1 554.2

STD DEVIATION DR9 157.0

STD DEVIATION SY2 1995

STD DEVIATION SG3 4268.5

STD DEVIATION SR24 0.0

STD DEVIATION AN 179.2

STD DEVIATION BZ 165.3

‘




S001HS | S002HS | S003HS | S004HS | S005HS | S006HS | SO007HS
Method Detection Limit

T (STUDENT'S T @ 99% FOR 6 DF) 3.140
MDL AB45 1813.3
MDL AY23 621.6
MDL AY73 604.0
MDL AO10 944.8
MDL AB1 0.0
MDL BY2 5590.1
MDL DV1 708.1
MDL SY33 3927
MDL DB14 1022.7
MDL AR64 794.5
MDL AB9 1771
MDL BV10 455.2
MDL 2AQ 998.7
MDL SO3 348.5
MDL 1AQ 669.4
MDL SY14 4215
MDL SO7 914.4
MDL AY3 0.0
MDL SY3 945.4
MDL SR 1740.1
MDL DR9 492.9
MDL SY2 626.3
MDL SG3 13403.2
MDL SR24 0.0
MDL AN 562.6
MDL BZ 519.1




Compounds

% RECOVERY AB45
% RECOVERY AR6&4
% RECOVERY AY3
% RECOVERY AY23
% RECOVERY AY73
% RECOVERY AQ10
% RECOVERY AB%
% RECOVERY DV1
% RECOVERY AB1
% RECOVERY 2AQ
% RECOVERY SO3
% RECOVERY SY33
% RECOVERY 1AQ
% RECOVERY DB14
% RECOVERY BY?2
% RECOVERY BV10Q
% RECOVERY SY3
% RECOVERY DR9
% RECOVERY BZ

% RECOVERY SY2
% RECOVERY AN
% RECOVERY SYt4
% RECOVERY SR1
% RECOVERY 507
% RECOVERY SG3
% RECOVERY SR24

%o
Yo
Ya
%
%
%
%
%o
%
%
Yo
%
Yo
%
%
%o
%o
Y%
Yo
%
%o
Yo
%
%
%
%o

Tabie VII - 3B

Percent Recoveries Soil Method Low Spike, Short Gradient

Ret. Time S001LS S002LS S003LS S004LS S005LS SO006LS

4.439
6.174
7.322
7.525
8.159
9.946
11.576
12.69
12.709
13.246
13.811
15.498
16.108
18.857
19.452
19.691
19.962
20.367
20.438
22.244
22.537
24.403
24.66
27.804
31.194
31.255

50
64
30
74
64
205
5
49
16
44
53
36
73
38
483
101

211

40
102
41
45
43
46
64
57

Q@

65
66
31
67
67

209

635
17
43
53
40
88
45

B2t

104

221

46
108
45
52
43
48
83
47

@

66
68
31
63
66

66
62
33
59
62

193
8

59
11
43
51
38
84
64

488 .

95

214

43
104
44
49
41
86
67
62

66
66
30
64
65

203

T
61
15
45
54
39
87
62

513

99
219
46
107
45
51
44
51
69
44

55
64
29
62
64

198

A
50
21
43
52
38
83
53
.- 488
97

219 -

45
105
44
49
43
47
82
41
0.

SO007LS

53
66
32
63
63
199
I
56
20
43
52
39
84
63
498
99
219
45
109
45
51
43
46
83

Percent Recovery



Compounds

% AECOVERY AB45
% RECQOVERY ARG4
% REGOVYERY AY3
% RECOVERY AY23
% AECOVERY AY73
% RECOVERY AD1Q
% RECOVERY ABS
% AECCOVERY DV1
% RECQOVERY AB1
% RECCOVERY 2AQ
% RECOVERY S03
° HECOVERY 5Y33
% RECOVERY 1AQ
% RECOVERY DB14
% RECOVERY BYZ2
% RECOVERY BV1Q
% RECOVERY SY3
% RECOVERY DRY
% RECOVERY BZ
% RECOVERY SY2
% RECOVERY AN
% RECOVERY SY14
% RECOVERY SR1
% RECOVERY 307
2 RECOVERY 5G3
% RECOVERY SA24

Yo
%
%
Yo
%o
%
U/‘ o
Y%
o
Yo
Yo
Y
Yo
Yo
Yo
%
%a
u/o
%o
Yo
%
%
%
Yo
%o

Yo

Ret, Time

4.439
6174
1322
7.525
9.15%
9.946
11.576
12.69
12.709
13248
13.811
15.498
16.108
18.B57
19.452
19.691
16.962
20.367
20.438
22.244
22537
24.403
24.66
27.804
31.194
31.255

PERCENT RECOVERIES SOIL METHOD LOW SPIKE, SHORT GRADIENT

S001LS SQ02LS SO003LS SD04LS SO005LS S006LS  SQO7LS

TABLE Vil - 3A

Average
e

Std.
Deviation

(s)

LS I e | R LI - e LNV T Y VRN

o
Crnems

Lower
Control
Limit
{p-25)

Upper
Control
Limit
(p+2s)



TABLE ViI-3

Solid Extraction Method, Short Gradient, Low Spike

Mean . Method
Sample Results (pg/Kg) Resuit h::g?d:'as g:ar'ldla.\rd Precision MDL RQL
_ug/Kg uracy) viatian (%ASD)
Sample sversge (mean
Compounds Conc | SOOTLS | S002LS | SOO3LS | SO0ALS | SOOSLS | SO0BLS | SOO7LS | sample | resuvmampie [*'-00%samplel (stddevimesn | stader. | . .,
ug/Kg result conc)"100 resu reguit)* 100 3.14

ACID BLUE 45 3444 1705.5 2232.5 2278.5 2280.0 22740 1830.0 1824.0 2069.2 60.1 252.1 12.2 791.8 3166.5
ACID YELLOW 23 2812 2062.0 1874.5 1775.5 1657.0 1790.5 1746.0 1768.0 1811.2 64.4 128.6 7A 403.7 1614.7
ACID YELLOW 73 3510 22155 2346.5 2302.5 2190.0 2264.0 2245.5 2206.5 2255.8 64.3 57.3 2.5 1799 719.6
ACID ORANGE 10 3074 6243.0 64200 6294.0 5915.5 6205.5 6079.5 6074.5 6176.0 200.9 166.5 2.7 522.7 2091.0
ACID BLUE 1 3692 593.0 640.0 278.0 415.5 542.5 783.5 742.5 570.9 15.5 178.0 3.2 558.9 22365
BASIC YELLOW 2 2642 12632.5 13740.0 13636.0 12878.5 13408.0 12885.¢ 13076.0 13192.3 499.3 430.1 33 1350.6 5402.5
DISPERSE VIOLET 1 2602 1272.5 1684.5 1402.5 1529.5 1582.5 1305.0 1439.0 1459.4 56.1 148.0 0.2 467.8 18711
SOLVENT YELLOW 33 2796 984.5 11105 $104.0 1051.0 1097.5 1063.0 1078.5 1069.9 383 435 4.1 136.5 5462
DISPERSE BLUE 14 2990 1138.5 1344 5 1508.0 1909.0 1837.5 1586.5 16861.0 1526.0 53.4 290.6 18.2 9125 3650.0
ACID RED €4 3618 2287.0 2381.0 2467.5 2241.0 2395.5 2301.5 2365.5 2348.4 64.9 76.7 3.3 2407 962.9
ACIDBLUE 9 3280 170.5 208.5 255.5 2110 232.5 129.5 152.0 194.2 589 452 23.3 1418 567.3
BASIC VIOLET 10 2084 2075.5 2167.0 2057.5 1982.0 2055.5 2024.5 2052.0 20581 98.8 56 4 2.7 177.2 7090
2-AMINOANTHRAQUINONE 3738 16145 1616.0 16898.5 1613.5 1687.C 1619.5 15755 1632.1 43.7 44 2 2.7 138.7 554.6
SOLVENT ORANGE 3 2558 1332.5 1343.0 1327.5 1301.5 1367.C 1318.5 1320.0 1330.0 52.0 20.8 1.6 653 261.2
1-AMINOANTHRAQUINONE 2570 1856.5 2255.0 2230.5 21455 2229.5 2120.5 2137.0 2133.2 83.2 135.5 6.3 425.6 1702.3
SOLVENT YELLOW 14 2832 1187.5 1213.5 1190.5 11485 1227.5 1214.5 1208.0 1200.0 42 .4 25.7 2.1 80.7 322.7
SOLVENT ORANGE 7 2880 1814.5 2383.5 2408.5 1939.0 19795 2345.0 2370.0 21771 75.6 2545 11.7 7993 31871
ACID YELLOW 3 3348 983.0 1035.5 1020.5 111B.5 1018.0 978.5 1052 5 1029.2 30.7 47.5 4.6 149.0 596.0
SOLVENT YELLOW 3 3020 6320.0 6654.5 8670.0 6443.5 6585.5 6594.5 6569.0 65491 216.8 124 .6 1.9 391.2 1564.9
SOLVENT RED 1 4638 21205 2208.0 3286.5 J3967.5 2347.5 2151.0 2109.5 2598.6 56.0 733.8 28.2 2304.2 9216.6
DISPERSE RED 9 3060 1208.5 1393.0 1328.0 1321.5 1411.0 1383.0 1355.0 1342.9 43.9 67.9 5.1 2131 B852.6
SOLVENT YELLOW 2 3840 1599.0 1769.5 1760.5 1714.0 1780.0 1727.5 1743.56 1727.7 43.9 61.3 3.5 192.5 7702
SOLVENT GREEN 3 3140 1770.0 1476.5 1909.5 19420 1369.5 1284.0 935.0 1526.6 48.6 368.4 241 1156.9 4627.5

SOLVENT RED 24 568 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0
ANTHRACENE 4154 1849.0 217090 2129.0 2021.5 2110.5 2029.0 2087.0 2056.6 49.5 105.7 5.1 331.9 1327.5
BENZANTHRONE 2432 2465.5 2617.5 2569.0 2532.0 2603.0 2537.0 2619.0 2563.3 105.4 56.1 22 176.2 704.6




[T

SO0THS | S002HS | S003HS | S004HS | SO05HS | S006HS | S007HS
Method Detection Limit

T (STUDENT'S T @ 99% FCR € DF) 3.140
MDL AB45 1813.3
MDL AY23 621.6
MDL AY73 604.0
MDL AC10 944.8
MOL AB1 0.0
MDL BY2 5590.1
MDL DV1 708.1
MDL 5Y33 2927
MDL DB14 1022.7
MDL ARB4 794.5
MDL ABY 177.1
MDL BV10 4552
MOL 2AQ 998.7
MDL SO3 348.5
MDL 1AQ 669.4
MDL SY14 4215
MDL SO7 914.4
MDL AY3 0.0
MDL SY3 945.4
MDL SR1 1740.1
MDL DR9 492.9
MDL SY2 626.3
MDL 3G3 134032
MDL SR24 0.0
MDL AN 562 6
MDL BZ 519.1




S001LS | S002LS [ S003LS | S004LS | SO05LS | SO06LS | S007LS
Stock Standard Concentrations

ACID BLUE 45 STD 344.4 344.4 344.4 344.4 344.4 344.4 344.4
ACID YELLOW 23 STD 281.2 281.2 281.2 2812 281.2 281.2 281.2
ACID YELLOW 73 STD 351.0 351.0 351.0 351.0 351.0 351.0 351.0
ACID ORANGE 10 STD 307.4 307.4 307.4 307.4 307.4 307.4 307.4
ACID BLUE 1 STD 369.2 369.2 369.2 369.2 369.2 369.2 369.2
BASIC YELLOW 2 STD 264.2 264.2 264.2 264.2 264.2 264.2 264.2
DISPERSE VIOLET 1 §TD 260.2 260.2 260.2 260.2 260.2 260.2 260.2
SOLVENT YELLOW 33 STD 279.6 2796 279.6 279.6 279.6 2796 279.6
DISPERSE BLUE 14 STD 289.0 299,0 299.0 299.0 299.0 289.0 299.0
ACID RED 84 STD 361.8 361.8 361.8 361.8 3618 361.8 361.8
ACID BLUE 9 STD 328.0 328.0 328.0 328.0 328.0 328.0 328.0
BASIC VIOLET 10 5TD 208.4 208.4 208.4 208.4 208.4 208.4 208.4
2-AMINOANTHRAQUINONE STD 373.8 373.8 373.8 373.8 373.8 3738 3738
SOLVENT ORANGE 3 STD 255.8 255.8 2558 255.8 255.8 255.8 2558
1-AMINOANTHRAQUINONE STD 257.0 257.0 257.0 257.0 257.0 257.0 257.0
SOLVENT YELLOW 14 STD 2832 2832 283.2 283.2 283.2 2832 283.2
SOLVENT ORANGE 7 STD 288.0 288.0 288.0 288.0 288.0 288.0 288.0
ACID YELLOW 3 STD 334.8 334.8 334.8 3348 334.8 334.8 334.8
SOLVENT YELLOW 3 STD 302.0 302.0 302.0 302.0 302.0 302.0 302.0
SOLVENT RED 1 5TD 463.8 463 8 463.8 463.8 463.8 4638 4638
DISPERSE RED 9 STD 306.0 306.0 306.0 306.0 306.0 306.0 306.0
SOLVENT YELLOW 2 STD 394.0 394.0 394.0 394.0 394.0 394.0 394.0
SOLVENT GREEN 3 STD 314.0 314.0 314.0 314.0 314.0 314.0 314.0
SOLVENT RED 24 STD 56.8 56.8 56.8 56.8 56.8 56.8 56.8
ANTHRACENE 4154 4154 4154 415.4 415.4 4154 4154
BENZANTHAONE 243.2 2432 243.2 243.2 2432 2432 243 2]




et v e T———————r—_—

S001LS | S002LS | SO03LS | SO04LS | SO05LS | SCO6LS | SO07LS
Weight of Stock Standard Spiked

SPIKE VOLUME EACH DYE 100.0 100.0 100.0 100.0 100.0 100.0 100.0
AB45 SPIKE WEIGHT 34.4 34.4 34.4 34.4 34.4 34.4 34.4
AY23 SPIKE WEIGHT 28.1 28.1 28.1 28.1 281 28.1 28.1
AY73 SPIKE WEIGHT 35.1 35.1 35.1 35.1 35.1 351 35.1
AO10 SPIKE WEIGHT 30.7 30.7 30.7 30.7 30.7 30.7 30.7
AB1 SPIKE WEIGHT 36.9 36.9 36.9 36.9 36.9 36.9 36.9
BY?2 SPIKE WEIGHT 26.4 26,4 26.4 26.4 26.4 26.4 26.4
DV1 SPIKE WEIGHT 26.0 26.0 26.0 26.0 26.0 26.0 26.0
SY33 SPIKE WEIGHT 28.0 28.0 28.0 28.0 28.0 28.0 28.0
DB14 SPIKE WEIGHT 29.9 29.9 29.9 29.9 29.9 29.9 299
AR64 SPIKE WEIGHT 36.2 36.2 36.2 36.2 36.2 36.2 36.2
AB9 SPIKE WEIGHT 32.8 32.8 32.8 32.8 32.8 32.8 32.8
BV10 SPIKE WEIGHT 20.8 20.8 20.8 20.8 20.8 20.8 20.8
2AQ SPIKE WEIGHT 37.4 37.4 374 37.4 37.4 37.4 37.4
S03 SPIKE WEIGHT 25.6 256 25.6 25.6 256 256 25.6
1AQ SPIKE WEIGHT 257 257 25,7 257 257 25.7 257
SY14 SPIKE WEIGHT 28.3 28.3 28.3 28.3 28.3 28.3 28.3
S07 SPIKE WEIGHT 28.8 28.8 28.8 28.8 28.8 28.8 28.8
AY3 SPIKE WEIGHT 33.5 335 33.5 33.5 33.5 335 33.5
SY¥3 SPIKE WEIGHT 30.2 30.2 30.2 30.2 30.2 30.2 30.2
SR1 SPIKE WEIGHT 46.4 46.4 46.4 46.4 46.4 46.4 46.4
DR SPIKE WEIGHT 30.6 30.6 30.6 30.6 30.6 30.6 306
SY2 SPIKE WEIGHT 39.4 39.4 39.4 39.4 394 39.4 39.4
5G3 SPIKE WEIGHT 31.4 31.4 31.4 31.4 31.4 31.4 314
SR24 SPIKE WEIGHT 57 57 5.7 57 57 57 5.7
AN SPIKE WEIGHT 41.5 41.5 415 41.5 415 415 415
BZ SPIKE WEIGHT 243 24.3 243 24.3 243 24.3 24,3




S001LS | S002LS [ S003LS | S004LS | S005LS | S006LS i S007LS
Weight Standard per Volume Sampie
MATRIX VOLUME (WATER}) NA NA NA NA NA NA NA
SPIKE CONC AB45 NA NA NA NA NA NA NA
SPIKE CONC AY23 NA NA NA NA NA NA NA
SPIKE CONC AY73 NA NA NA NA NA NA NA
SPIKE CONC AO10 NA NA NA NA NA NA NA
SPIKE CONC AB1 NA NA NA NA NA NA NA
SPIKE CONC BY2 NA NA NA NA NA NA NA
SPIKE CONC DV1 NA NA NA NA NA NA NA
SPIKE CONC S§Y33 NA NA NA NA NA NA NA
SPIKE CONC DB14 NA NA NA NA NA NA NA
SPIKE CONC AR64 NA NA NA NA NA NA NA
SPIKE CONC AB9 NA NA NA NA NA NA NA
SPIKE CONC BV10 NA NA NA NA NA NA NA
SPIKE CONC 2AQ NA NA NA NA NA NA NA
SPIKE CONC S03 NA NA NA NA NA NA NA
SPIKE CONC 1AQ NA NA NA NA NA NA NA
SPIKE CONC SY14 NA NA NA NA NA NA NA |
SPIKE CONC SO7 NA NA NA NA NA NA NA
SPIKE CONC AY3 NA NA NA NA NA NA NA
SPIKE CONC SY3 NA NA NA NA NA NA NA
SPIKE CONC SR1 NA NA NA NA NA NA NA
SPIKE CONC DR9 NA NA NA NA NA NA NA
SPIKE CONC SY2 NA NA NA NA NA NA NA
SPIKE CONC SG3 NA NA NA NA NA NA NA
SPIKE CONC SR24 NA NA NA NA NA NA NA
SPIKE CONC AN NA NA NA NA NA NA NA
SPIKE CONC BZ NA NA NA NA NA NA NA |




S001LS S002LS S003LS S004LS S005LS S006LS S007LS

SPIKE CONC AB45 3411.73 3437.98 3439.32 3438.67 3429.32 3433.60 3415.28
SPIKE CONC AYZ23 2785.65 2807.09 2808.18 2807.65 2800.02 2803.51 2788.55
SPIKE CONC AY73 3477.11 3503.87 3505.23 3504.57 3495.04 3499.40 3480.73
SPIKE CONC AO1T0 3045.19 3068.63 3069.83 3069.24 3060.90 3064.71 3048.36
SPIKE CONC AB1 3657.40 3685.55 3686.99 3686.29 3676.27 3680.85 3661.21
SPIKE CONC BY2 2617.24 2637.38 2638.41 2637.91 2630.74 2634.02 2619.97
SPIKE CONC DV 2577.62 2597.45 2598.47 2597.97 2590.91 2594.14 2580.30
SPIKE CONC SY33 2769.80 2791.12 2792.20 2791 .67 2784.08 2787.55 2772.68
SPIKE CONC DB14 2961.98 2984.78 2985.94 2985.37 2977.26 2980.97 2965.06
SPIKE CONC ARG4 3584.09 3611.68 3613.09 3612.40 3602.58 3607.07 3587.83
SPIKE CONC ABS 324926 3274.27 327555 3274.92 3266.02 3270.09 3252.65
SPIKE CONC BV10 2064.47 2080.36 2081.17 2080.77 2075.12 2077.70 2066.62
SPIKE CONC 2AQ 3702.97 3731.47 3732.92 3732.22 3722.07 3726.71 3706.83
SPIKE CONC 503 2534.03 255353 2554.53 2554.04 2547.10 2550.27 2536.67
SPIKE CONC 1AQ 2545.92 2565.51 2566.51 2566.02 2559.05 2562.24 2548.57
SPIKE CONC SY14 2805.46 2827.05 2828.15 2827.62 2819.93 2823.44 2808.38
SPIKE CONC SO7 2853.01 2674.97 2876.09 2875.54 2867.73 2871.30 2855.98
SPIKE CONC AY3 3316.62 334215 3343.45 3342.82 3333.73 3337.89 3320.08
SPIKE CONC SY3 2991.70 3014.72 3015.90 3015.33 3007.13 3010.88 299481
SPIKE CONC SR 4594.54 4629.90 4631.70 4630.62 4618.23 4623.99 4599 32
SPIKE CONC DR9 3031.32 3054.65 3055.84 3055.26 3046.96 3050.76 3034.48
SPIKE CONC SY2 3903.08 3933.12 3934.65 3933.90 3923.21 3928.10 3907.14
SPIKE CONC S$G3 311057 3134.51 3135.74 3135.14 3126.62 3130.51 3113.81
SPIKE CONC SR24 562.68 567.01 567.23 567.12 565.58 566.28 563.26

SPIKE CONC AN 4115.07 4146.74 4148.36 414757 4136.30 4141.45 4119.36

SPIKE CONC BZ 2409.21 242775 2428.70 2428.24 242164 2424.65 2411.72




S00ILS | S002LS | S003LS |  SO04S | S005LS | S006LS | S007LS
Results from HPLC

HPLC RESULT AB45 3.41 4.465 4.557 4.560 4,548 3.780 3.648
HPLC RESULT AY23 4.124 3.759 3.551 3.314 3.581 3.492 3.536
HPLC RESULT AY73 4.431 4.693 4,605 4.380 4568 4.491 4.413
HPLC RESULT AO10 12.486 12.840 12.588 11.831 12.411 12,159 12.149
HPLC RESULT AB1 1.186 1.280 0.558 0.831 1.085 1.567 1.485
HPLC RESULT BY2 25,965 27.480 27.272 25,757 26.996 25770 26.152
HPLC RESULT DV1 2.545 3.369 2.805 3.059 3.165 2.610 2.878
HPLC RESULT SY33 1.969 2.221 2.208 2.102 2195 2.126 2.157
HPLC RESULT DB14 2.277 2.689 3.018 3.818 3.675 3.173 3.722
HPLC RESULT AR64 4574 4.762 4.935 4.482 4.791 4,603 4.731
HPLC RESULT AB9 0.341 0.417 0.511 0.422 0.465 0.259 0.304
HPLC RESULT BV10 4.151 4.334 4115 3.964 4111 4.049 4.104
HPLC RESULT 2AQ 3.229 3.232 3.397 3.227 3.374 3.239 3.151
HPLC RESULT SO3 2.665 2.686 2.655 2.603 2.734 2.637 2.640
HPLC RESULT 1AQ 3.713 4510 4.461 4.291 4.459 4.241 4.974
HPLC RESULT SY14 2.395 2,427 2.381 2.297 2.455 2.429 2.416
HPLC RESULT SO7 3.629 4767 4817 3.878 3.959 4,690 4,740
HPLC RESULT AY3 1.966 2.071 2.041 2.237 2.032 1.957 2.105
HPLC RESULT SY3 12.640 13.309 13.340 12.887 13.171 13.189 13.138
HPLC RESULT SR1 4.241 4.416 6.573 7.935 4.695 4.302 4.219
HPLC RESULT DR9 2417 2.786 2.656 2.643 2822 2.766 2.710
HPLC RESULT SY2 3.198 3.539 3.521 3.428 3,560 3.455 3.487
HPLC RESULT 8G3 3.540 2.953 3.819 3.884 2.738 2.568 1.870
HPLC RESULT SR24 0.000 0.000 0.000 0.000 0.000 0.000 0.000

HPLC RESULT AN 3.698 4.34 4.258 4.043 4.221 4,058 4174

HPLC RESULT BZ 4.931 5.235 5.138 5.064 5.206 5.074 5.238




S00ILS | S002LS |  S003LS | S004LS | S00SLS | sooel,s |  S007LS
Final Sample Results
CF {STD INJ VOL VS SAM INJ VOL) 2 2 2 2 2 2 2
FINAL VOLUME 10.0946000| 10.0175000| 10.0136000]  10.0155000] 10.0428000] 10.0303000| 10.0841000
CORRECTED RESULT AB45 1705.50 2232.50 2278.50 2280.00 2274.00 1890.00 1824.00
CORRECTED RESULT AY23 2062.00 1879.50 1775.50 1657.00 1790.50 1746.00 1768.00
CORRECTED RESULT AY73 2215.50 2346.50 2302.50 2190.00 2284.00 2245 50 2206.50
CORRECTED RESULT AO10 6243.00 6420.00 6294.00 5915.50 6205.50 6079.50 6074.50
CORRECTED RESULT AB1 593.00 640.00 279.00 415.50 542.50 783.50 742.50
CORRECTED RESULT BY2 12632.50 13740.00 13636.00 12878.50 13498.00 12885.00 13076.00
CORRECTED RESULT DV1 1272.50 1684.50 1402.50 1529.50 1582.50 1305.00 1439.00
CORRECTED RESULT SY33 984.50 1110.50 1104.00 1051.00 1097.50 1063.00 1078.50
CORRECTED RESULT CB14 1138.50 1344.50 1509.00 1909.00 1837.50 1586.50 1861.00
CORRECTED RESULT AR&4 2287.00 2381.00 2467.50 2241.00 2395.50 2301.50 2365.50
CORRECTED RESULT AB9 170.50 208.50 255.50 211.00 23250 129.50 152.00
CORRECTED RESULT BV10 2075.50 2167.00 2057.50 1982.00 2055.50 2024.50 2052.00
CORRECTED RESULT 2AQ 1614.50 1616.00 1688.50 1613.50 1687.00 1619.50 1575.50
CORRECTED RESULT SO3 1332.50 1343.00 1327.50 1301.50 1367.00 1318.50 1320.00
CORRECTED RESULT 1AQ 1856.50 2255.00 2230.50 214550 2229.50 2120.50 2137.00
~ CORRECTED RESULT SY14 1197.50 1213.50 1190.50 1148.50 1227.50 121450 1208.00
CORRECTED RESULT SO7 1814.50 2383.50 2408.50 1939.00 1979.50 2345.00 2370.00
CORRECTED RESULT AY3 983.00 1035.50 1020.50 1118.50 1016.00 978.50 1052.50
CORRECTED RESULT SY3 6320.00 6654.50 6670.00 6443.50 6585.50 6594.50 6569.00
CORRECTED RESULT SR1 2120.50 2208.00 3286.50 3967.50 234750 2151.00 2109.50
CORRECTED RESULT DRg 1208.50 1393.00 1328.00 1321.50 1411.00 1383.00 1355.00
CORRECTED RESULT SY2 1599.00 1769.50 1760.50 1714.00 1780.00 1727.50 1743.50
CORRECTED RESULT SG3 1770.00 1476.50 1909.50 1942.00 1369.50 1284.00 935.00
CORRECTED RESULT SR24 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT AN 1849.00 2170.00 2129.00 2021.50 2110.50 2029.00 2087.00
CORRECTED RESULT BZ 2465.50 2617.50 2569.00 2532.00 2603.00 2537.00 2619.00




S001LS | S002LS [ S003LS | S004LS | S005LS |  SO0O6LS | soo7Ls
Percent Recoveries

% RECOVERY AB45 49.99 64.94 66.25 66.30 66.31 55,04 53.41
% RECOVERY AY23 74.02 66.96 £3.23 59.02 63.95 62.28 63.40
% RECOVERY AY73 63.72 66.97 65.69 62.49 65.35 64.17 63.39
% RECOVERY AQ10 205.01 209.21 205.03 192.73 202.73 198.37 199.27
°% RECOVERY ABt 16.21) 17.37 7.57 11.27 14.76 21.29 20.28
% RECOVERY BY2 482 66 520.97 516.83 488.21 513.09 489.18 499,09
% RECOVERY DV1 49,37 64.85 53.97 58.87 61.08 50.31 55.77
% RECOVERY SY33 35.54 39,79 39.54 37.65 39.42 38.13 38.90
% RECOVERY DB14 38.44 45,05 50.54 63.95 61.72 53.22 62.76
% RECOVERY AR64 63.81 65.93 68.29 62.04 66.49 63.81 65.93
% RECOVERY AB9 525 6.37 7.80 6.44 7.12 3.96 4.67
% RECOVERY BV10 100.53 104.16 98 .86 95.25 99.05 97.44 99.29
% RECOVERY 2AQ 43.60 43.31 45.50 43.23 4532 43.46 42,50
% RECOVERY S03 52 58 52.59 51.97 50.96 53.67 51.70 52.04
% RECOVERY 1AQ 72.92 87.90 86.91 83.61 87.12 82.76 83.85
% RECOVERY SY14 42.68 42.92 42.09 40.62 43.53 43.01 43.01
% RECOVERY S07 63.60 82.91 83.74 67.43 69.03 81.67 82.98
% RECOVERY AY3 29.64 30,98 30.52 33.46 30.48 29 31 31.70
% RECOVERY SY3 211,25 220.73 221.16 213.69 219.00 219,02 219.35
% RECOVERY SR1 46.15 47.69 70.96 85.68 50.83 46.52 45.87
% RECOVERY DR9 39.87 45,60 43.46 43,25 46.31 45.33 44 65
% RECOVERY SY2 40.97 44.99 44.74 4357 45.37 43.98 44,62
% RECOVERY SG3 56.90 47.10 60.89 61.94 43,80 41.02 30.03
% RECOVERY SR24 0.00 0.00 0.00 0.00 0.00 0.00 0.00

% RECOVERY AN 44.93 52.33 51.32 48.74 51.02 48.99 50.66

% RECOVERY BZ 102.34 107.82 105.78 104,27 107.49 104.63 108.59




S001LS | S002LS | S003LS | S004LS S005LS S006LS S007LS
Square of Corrected Results

N 7 7 7 7 7 7 7
Xi"2 AB45 2008730.3] 49840563 51915623 5198400.0] 5171076.0 3572100.0 3326976.0
Xir2 AY23 4251844.0)  3532520.3 3152400.3 2745649.0)  3205890.3 3048516.0,  3125824.0
Xir2 AY73 4908440.3|  5506062.3]  5301506.3 4796100.0]  5216656.0 5042270.3|  4868642.3
Xir2 AO10 3.898E+07| 4.122E+07|  3.961E+07 3.499E+07]  3.851E+07 3.696E+07]  3.690E+07
Xir2_ AB1 351649.0 409600.0 77841.0 172640.3 294306.3 613872.3 551306.3
X2 BY2 1.596E+08|  1.888E+08|  1.859E+08 1.659E+08|  1.822E+08 1.660E+08]  1.710E+08
Xir2 DV 1619256.3]  2837540.3 1967006.3 2339370.3|  2504306.3 1703025.0 2070721.0
Xi"2 §Y33 969240.3|  1233210.3 1218816.0 1104601.0]  1204506.3 1129969.0 1163162.3
X2 DB14 1296182.3]  1807680.3]  2277081.0 3644281.0]  3376406.3 2516982.3]  3463321.0
Xi*2 AR64 5230369.0] 5669161.0]  6088556.3 5022081.0]  5738420.3 5296902.3|  5595590.3
Xi"2 AB9 29070.3 43472.3 65280.3 44521.0 54056.3 16770.3 23104.0
Xi*2 BV10 4307700.3]  4695889.0 4233306.3 3928324.0]  4225080.3 4098600.3]  4210704.0
Xin2 2AQ 2606610.3| 2611456.0]  2884902.3 2603382.3]  2845969.0 2622780.3] 24822003
X2 503 1775556.3|  1803649.0 1762256.3 1693902.3]  1868689.0 1738442.3 1742400.0
Xir2 1AQ 3446592.3] 5085025.0] 49751303 4603170.3]  4970670.3 4496520.3 4566769.0
Xi"2 SY14 1434006.3|  1472582.3 1417290.3 1319052.3|  1506756.3 1475010.3 1459264.0
 Xir2 807 32924103 5681072.3] 58008723 3759721.0|  3918420.3 5499025.0 5616900.0
Xi"2 AY3 966289.0] 10722603 1041420.3 1251042.3] 1032256.0 957462.3 1107756.3
Xir2 SY3 39942400.0; 44282370.3| 44488900.0)  41518692.3] 43368810.3] 43487430.3| 43151761.0
Xir2 SR1 4496520.3)  4875264.0| 10801082.3] 15741056.3] 55107563 4626801.0]  4449990.3
Xi*2 DR9 1460472.3] 1940449.0 1763584.0 1746362.3|  1990921.0 1912689.0 1836025.0
Xir2 SY2 2556801.0) 31311303  3099360.3 2937796.0] 31684000 2984256.3] 30397923
Xir2 SG3 3132900.0]  2180052.3 3646190.3 3771364.0; 18755303 1648656.0 874225,0
Xi*2 SR24 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Xin2 AN 3418801.0]  4708900.0] 45326410 4086462.3| 44542103 4116841.0 4355569.0
Xin2 BZ 6078690.3)  6851306.3]  6599761.0 6411024.0]  6775609.0 6436369.0)  6859161.0




So01LS | S002LS | S003LS |  S004LS | SO005LS | SO06LS | S007LS
Sum of the Square of Corrected Results

E Xir2 AB45 3.035E+07
E Xi"2 AY23 2.306E+07
E Xin2 AY73 3.564E+07
E Xir2 AD10 2.672E+08
E Xi"2 AB1 2.471E+06
E Xi"2 BY2 1.219E+09
E Xi"2 DV1 1.504E+07
E Xi"2 Y33 8.024E+06
E Xi"2 DB14 1.838E+07
E Xi"2 AR84 3.864E+07
E Xi"2 AB9 2.763E+05
E Xi"2 BV10 2.970E+07
E Xi"2 2AQ 1.866E+07
E Xir2 503 1.238E+07
E Xi"2 1AQ 3.214E+07
E Xi"2 SY14 1.008E+07
E Xir2 507 3.357E+07
E Xi*2 AY3 7.428E+06
E Xi*2 SY3 3.002E+08
E Xi*2 SR1 5.050E+07
E Xi*2 DR 1.265E+07
E X2 SY2 2.092E+07
E Xi"2 SG3 1.713E+07
E Xi*2 SR24 0.000E +00
E Xi*2 AN 2.967E+07
E Xi*2 BZ 4.601E+07




S001LS | SO002LS | S003LS | S004LS | SOO5LS | SO06LS |  SO07LS
Sum of the Corrected Results Squared

(E Xiy'2 AB45 2.098E+08] | ]
(E Xiy'2 AY23 1.807E+08

(E Xiy"2 AY73 2.493E+08
{E Xiy*2 AO10 1.869E+09

(E Xiy2 AB1 1.597E+07

(E Xip2 BY2 8.528E+09

(E Xiy2 DV1 1.044E+08
{E Xip2 8Y33 5.609E+07
(E Xiy»2 DB14 1.251E+08
(E Xiy2 AR64 2.702E+08

(E Xiy»2 ABS 1.B4BE+06
(E Xi)"2 BV10 2.078E+08

(E Xiy2 2AQ 1.305E+08

(E Xi)"2 SO3 8.668E+07

(EXiy'2 1AQ 2.242E+08
(EXiy2 SY14 7.056E+07

(EXiy2_SO7 2.323E+08

(E Xiy'2 AY3 5.190E+07

(E Xiy\2 SY3 2.101E+09

(E Xi)*2 SR1 3.309E+08

(E Xiy2 DRg 8.836E+07

(EXip2 SY2 1.463E+08

(E Xiy"2 SG3 1.142E+08
{E Xi)"2 SR24 0.000E+00

(E Xiy2 AN 2.072E+08

(EXiy2 BZ 3.220E+08




SO0ILS | S002LS | S003LS | S004LS | S005LS | S006LS | S007LS
Variance

$72; VARIANCE AB45 £3561.1
572 VARIANCE AY23 16627.2
S572: VARIANCE AY73 32822
SA2: VARIANCE AO10 27715.7
512: VARIANCE AB1 31678.3
S~2: VARIANCE BY2 185017.2
$72: VARIANCE DV1 221937
:_‘ §/2: VARIANCE SY33 1890.8
B 52: VARIANCE DB14 84451.0
572: VARIANCE ARB4 5877.1
S72: VARIANCE AB9 2040.0
$A2: VARIANCE BV10 3186.5
B S72: VARIANCE 2AQ 1950.0
572: VARIANCE SO3 4325
S2: VARIANCE 1AQ 18368.8
572: VARIANCE SY14 660.3

$42: VARIANCE SO7 64794.0 ]
SA2: VARIANCE AY3 2252.0
512; VARIANCE SY3 15523.3
S72: VARIANCE SR1 538476.2
S5/2: VARIANCE DRS 4607.6
S12: VARIANCE SY2 3759.8
SA2: VARIANCE SG3 1357415
$n2: VARIANCE SR24 0.0
S42: VARIANCE AN 11170.4
$72: VARIANCE BZ 31475




B S001LS | S002LS | S003LS | SO0ALS | SO05LS | _ SO006LS [ S007LS
Standard Deviation

STD DEVIATION AB45 252.1
STD DEVIATION AY23 128.6
_ STD DEVIATION AY73 57.3
STD DEVIATION AO10 166.5
STD DEVIATION AB1 178.0
STD DEVIATION BY2 430.1
STD DEVIATION DV1 149.0
STD DEVIATION SY33 435
| STD DEVIATION DB14 290.6
STD DEVIATION ARG4 76.7
STD DEVIATION AB9 45.2
STD DEVIATION BV10 56.4
STD DEVIATION 2AQ 44.2
STD DEVIATION SO3 20.8

| STDDEVIATION 1AQ 135.5 |
STD DEVIATION SY14 25.7
STD DEVIATION SO7 254.5
STD DEVIATION AY3 47.5
STD DEVIATION §Y3 1246
STD DEVIATION SR1 7338
STD DEVIATION DR9 67.9
STD DEVIATION SY2 61.3

STD DEVIATION SG3 36584 ﬂ
STD DEVIATION SR24 0.0
STD DEVIATION AN 105.7

STD DEVIATION BZ 56.1 |




S001LS | S002lS | S003LS | S004LS [ S005LS | SO006LS | SO07LS
Method Detection Limit

T (STUDENT'S T @ 99% FOR 6 DF) 3.140
MDL AB45 791.6

MDL AY23 403.7

MDL AY73 179.9

MDL AO10 5227

MDL AB1 558.9

MDL BY2 1350.6

MDL DV1 467.8

MDL SY33 136.5

MDLDB14 9125

MDL AR64 240.7

. MDL AB9 141.8
R MDL BV10 177.2
- MDL 2AQ 1387
MDL 503 65.3

- MDL 1AQ 425.6
MDL SY14 80.7

MDL SO7 799.3

MDL AY3 149.0

MDL SY3 391.2

MDL SR1 2304.2

MDL DR9 2131

MDL SY2 192.5

MDL SG3 1156.9

MDL SR24 0.0

MDL AN 3319

MDL BZ 176.2




Compounds

% RECOVERY AB45
% RECOVERY AR64
% RECOVERY AY3
% RECOVERY AY23
% RECOVERY AY73
% RECOVERY AQ10
% RECOVERY AB9
% RECOVERY DV1
% RECOVERY AB1
% RECOVERY 2AQ
% RECOVERY S03
% RECOVERY SY33
% RECOVERY 1AQ
% RECQVERY DB14
% RECOVERY BY2
% RECOVERY BV10
% RECOVERY 5Y3
% RECOVERY DR9
% RECOVERY BZ
% RECOVERY 5Y2
% RECOVERY AN
% RECOVERY SY14
% RECOVERY SR1
% RECOVERY SO7
% RECOVERY SG3
% RECOVERY SR24

%
Yo
Y%
Yo
%
%
Y
Y%
%
%
%
%o
%
%
%
%
%
%
%
%
Y%
Y%
Yo
Yo
%
%

TABLE VIl - 4A

PERCENT RECOVERIES

SOIL METHOD

HIGH SPIKE, SHORT GRADIENT

Ret. Time S001HS S002HS SC03HS  S004HS

4.439
6.174
7.322
7.525
9.1598
9.946
11.576
12.69
12.709
13.246
13.811
15.498
16.108
18.857
19.452
19.691
19.962
20.367
20.438
22.244
22.537
24.403
24.66
27.804
31.194
31.255

27

- 34

41

7

36
106

4

41

.2
24

29
20
47
32

284
54

17
23
57
23
32
23
22
38
30

61 62
27 27
35 34
36 35
110
37 36
25 24
29 28
21 20
49 48
40 41
56 54
123 115
25 23
60 58
24 23
34 32
24 24
22 26
42 48

18 121

57
27
34
35

2093

53
118
24
58
23
32
23
25
48
99

SO05HS SO00BHS  SQO7HS

57
26

Ll

32

33
1M
i
35

22
27
19
45
32

267 ..

51
111
21
54
21
31
22
22
42
97

: _'::1?”;:_2 PR )

63
27
T4
34
38
108

4 -

38

24
29
20
48
35

286

55

120 -

24
80
23
33
24
21
41
83

55
26

33
35
104
3
40
7
23
28
20
48
33
278
53
116
24
58
23
3z
23
20
47
57
0



Solid Extraction Method, Short Gradient, High Spike

TABLE Vil-4

Mean . Method
Sample Results (ug/Kg) Resuht (:ﬁletho;:ﬂsan/sn [s’;a'.'d:."d Precision
ua/Kg ccuracy) % viation (%RASD)
Sample average {mean
Compounds Ceonc SO01HS S002HS SO03HS S004HS S005HS S006HS S007HS | sample | resulusample |0 SV sampie (stidevimean
Lo/Kg result cenc)*100 resuits result) 100
ACID BLUE 45 17220 6982.5 10366.0 10499.0 Q734 5 9631.0 10277.0 9404 5 9556 .4 55.5 1207 .5 12.6
ACID YELLOW 23 14060 4695.0 4804.0 4700.5 4720.5 4406.5 4616.5 4549.5 4656.1 33.1 124.8 27
ACID YELLOW 73 17550 6210.5 6265.0 g107.5 §175.0 5749.5 6000.0 6031.0 6076.9 34.6 172.7 2.8
ACID ORANGE 10 15370 161905 16636.5 161595 16240.0 15205.5 15639.0 15903.0 16024.9 104.3 444.7 2.8
ACID BLUE 1 18460 433.5 3715 2185 317.0 295.0 864.0 1366.5 552.4 3.0 416.2 75.3
BASIC YELLOW 2 13210 37221.0 30087.0 38334.5 38639.5 J4557.5 35958.5 36438.0 371784 2Bt.4 1635.9 4.4
DISPERSE VIQLET 1 13010 5286.0 4706.0 4657.0 5109.0 4456.5 47003 5 5187.0 48721 7.4 6.7 6.5
SOLVENT YELLOW 33 13380 2750.0 284C.5 2815.0 2767.0 2576.0 2701.5 2723.5 2738.1 19.6 B86.8 3.2
DISPERSE BLUE 14 14950 4813.0 5840.0 6103.5 5134.5 4639.0 5031.5 4321.0 5211.8 4.9 547.7 10.5
ACID RED 64 18090 4858.0 4908.0 4904.0 48735 4566.5 47055 4741.5 4793.9 26.5 127.7 2.7
ACID BLUE 9 16400 711.0 732.5 732.5 738.5 684.5 §22.5 514.0 676.5 4.1 82.4 12.2
BASIC VIOLET 10 10420 5554.0 5710.0 5560.0 5552.5 5219.0 5443.5 5496.5 5510.8 52.9 153.1 2.8
2-AMINOANTHRAGUINONE 18690 4365.5 4674.5 4450.5 4458.5 4026.5 4327.0 4313.0 4373.6 23.4 195.8 4.5
SOLVENT ORANGE 3 12780 3623.0 3601.0 3555.5 3538.0 3323.0 3514.0 J554.5 3530.0 27.6 98.4 28
7-AMINGANTHRAQUINCONE 12850 8020.5 6272.5 B057.5 5144.5 5622.5 5872.5 §133.5 6017.6 46.8 213.4 3.5
SOQOLVENT YELLOW 14 14160 3225.5 3421.5 3302.0 3292.0 3041.0 3225.5 3234.0 3248.8 22.9 1148 3.5
SQLVENT ORANGE 7 14400 5356.5 5939.5 6884.0 6884.5 5957.5 5583.5 £6724.0 6191.4 43.0 634.6 10.3
ACID YELLOW 3 16740 1083.0 1010.0 920.5 1062.5 1033.5 1102.5 1208.5 1060.1 6.3 88.6 8.4
SOLVENT YELLOW 3 15100 17475.6 18371.0 17794.5 17696.0 16468.0 17316.5 17351.0 174961 115.9 57681 33
SOLVENT RED 1 23190 5011.0 4941.5 5896.0 5840.0 4986.5 4611.0 4608.5 51278 22.1 532.7 10.4
DISPERSE RED 9 15300 34940 3704.0 3540.5 35915 3181.0 3444.0 3602.0 3508.1 22.9 166.6 4.7
SOLVENT YELLOW 2 15700 4505.0 4632.0 4546.5 4477.0 4139.5 4343.0 4406.5 4435.6 22.5 160.5 3.6
SOLVENT GREEN 3 15700 4629.5 2736.5 18881.5 15449.0 14901.0 12414.0 §840.0 11121.6 70.8 5862.0 53.5
SOLVENT RED 24 2840 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 ¢.0 0.0 0.0 0.0
ANTHRACENE 20770 6594 .5 6908.5 6683.5 6642.5 6223.0 6562.0 6636.0 B607.1 31.8 203.5 31
BENZANTHRONE 12160 B8873.0 7249.0 7033.0 7032.0 6418.0 6984.0 £6945.0 60933.4 57.0 255.4 7




S00THS | S002HS | S003HS [ S004HS | SO05HS | S006HS | S007HS
Stock Standard Concentrations

ACID BLUE 45 STD 344 4 344.4 344.4 344.4 344.4 344 4 344.4
ACID YELLOW 23 STD 281.2 281.2 2812 281.2 281.2 281.2 281.2
ACID YELLOW 73 STD 351.0 351.0 351.0 351.0 351.0 351.0 351.0
ACID ORANGE 10 8TD 307.4 307.4 307.4 307 .4 307.4 307.4 307.4
ACID BLUE 1 STD 369.2 369.2 369.2 369.2 369.2 369.2 369.2
BASIC YELLOW 2 STD 2642 264.2 264.2 264.2 264 2 264.2 264.2
DISPERSE VIOLET 1 STD 260.2 260.2 260.2 260.2 260.2 260.2 260.2
SOLVENT YELLOW 33 STD 279.6 279.6 279.6 279.6 279.6 279.6 2796
DISPERSE BLUE 14 STD 299.0 209.0 299.0 299.0 299.0 299 0 299.0
ACID RED 64 STD 361.8 361.8 361.8 361.8 361.8 361.8 361.8
ACID BLUE 9 STD 328.0 328.0 328.0 328.0 328.0 3280 328.0
BASIC VIOLET 10 STD 208.4 208.4 208.4 208.4 208.4 208.4 208.4
2-AMINOANTHRAQUINONE STD 373.8 3738 3738 373.8 373.8 373.8 3738
SOLVENT ORANGE 3 STD 255.8 255.8 255.8 255.8 255.8 255.8 255.8
1-AMINOANTHRAQUINONE STD 257.0 257.0 257.0 257.0 257.0 257.0 257.0
SOLVENT YELLOW 14 STD 283.2 2832 283.2 283.2 283.2 283.2 283.2
SOLVENT CRANGE 7 STD 288.0 288.0 288.0 288.0 288.0 288.0 288.0
ACID YELLOW 3 STD 334.8 334 8 334.8 334.8 334.8 334.8 334.8
SOLVENT YELLOW 3 STD 302.0 302.0 302.0 302.0 302.0 302.0 302.0
SOLVENT RED 1 STD 4638 463.8 463.8 463.8 463.8 463.8 463.8
DISPERSE RED 9 STD 306.0 306.0 306.0 306.0 306.0 306.0 306.0
SOLVENT YELLOW 2 STD 394.0 394.0 394.0 394.0 394.0 394.0 394.0
SOLVENT GREEN 3 STD 314.0 314.0 314.0 314.0 314.0 314.0 314.0
SOLVENT RED 24 STD 56.8 56.8 56.8 56.8 56.8 56.8 56.8
ANTHRACENE 415.4 415.4 4154 415.4 415.4 415.4 415.4
BENZANTHRONE 2432 243.2 243.2 2432 24332 2432 2432




S001HS | SO002HS | S003HS [ S004HS | S005HS | S006HS | S007HS
Weight of Stock Standard Spiked

SPIKE VOLUME EACH DYE 500.0 500.0 500.0 500.0 500.0 500.0 500.0
AB45 SPIKE WEIGHT 172.2 172.2 172.2 1722 172.2 172.2 172.2
AY23 SPIKE WEIGHT 140.6 140.6 140.6 140.6 140.6 140.6 140.6
AY73 SPIKE WEIGHT 1755 175.5 1755 175.5 175.5 1755 175.5
AQ10 SPIKE WEIGHT 153.7 153.7 153.7 153.7 153.7 153.7 153.7
AB1 SPIKE WEIGHT 184.6 184.6 184.6 184.6 184.6 184.6 184.6
BY2 SPIKE WEIGHT 132.1 132.1 132.1 132.1 132.1 132.1 132.1
DV1 SPIKE WEIGHT 130.1 130.1 130.1 130.1 130.1 130.1 130.1
5Y33 SPIKE WEIGHT 139.8 139.8 139.8 139.8 139.8 139.8 139.8
DB14 SPIKE WEIGHT 1495 149.5 1495 149.5 149.5 149.5 149.5
ARB4 SPIKE WEIGHT 180.9 180.9 180.9 180.9 180.9 180.9 180.9
ABY SPIKE WEIGHT 164.0 164.0 164.0 164.0 164.0 164.0 164.0
BV10 SPIKE WEIGHT 104.2 104.2 104.2 104.2 104.2 104.2 104.2
2AQ SPIKE WEIGHT 186.9 186.9 186.9 186.9 186.9 186.9 186.9
503 SPIKE WEIGHT 127.9] 127.9 127.9 127.9 127.9 127.9 127.9
1AQ SPIKE WEIGHT 128.5 128.5 128.5 1285 128.5 128.5 128.5
SY14 SPIKE WEIGHT 141.6 141.6 1416 141.6 141.6 141.6 141.6
507 SPIKE WEIGHT 144.0 144.0 144.0 144.0 144.0 1440 144.0
AY3 SPIKE WEIGHT 167.4 167.4 167.4 167.4 167.4 167.4 167.4
5Y3 SPIKE WEIGHT 151.0 151.0 151.0 151.0 151.0 151.0 151.0
SR1 SPIKE WEIGHT 231.9 231.9 2319 231.9 2319 231.9 231.9
DR9 SPIKE WEIGHT 153.0 153.0 153.0 153.0 153.0 153.0 153.0
5Y2 SPIKE WEIGHT 197.0 197.0 197.0 197.0 197.0 197.0 197.0
SG3 SPIKE WEIGHT 157.0 157.0 i57.0 157.0 157.0 157.0 157.0
SR24 SPIKE WEIGHT 28.4 28.4 28.4 28.4 28.4 284 28.4
AN SPIKE WEIGHT 207.7 207.7 207.7 207.7 207.7 207.7 207.7
BZ SPIKE WEIGHT 121.6 121.6 1216 121.6 121.8 121.6 121.6




S001HS | S002HS | S003HS | S004HS | S005HS | S006HS | SO07HS
Weight Standard per Volume Sample

MATRIX VOLUME (WATER) NA NA NA NA NA NA NA
SPIKE CONC AB45 NA NA NA NA NA NA NA
SPIKE CONC AY23 NA NA NA NA NA NA NA
SPIKE CONC AY73 NA NA NA NA NA NA NA
SPIKE CONC AO10 NA NA NA NA NA NA NA
SPIKE CONC AB1 NA NA NA NA NA NA NA
SPIKE CONC BY2 NA NA NA NA NA NA NA
SPIKE CONC DV1 NA NA NA NA NA NA NA
SPIKE CONC SY33 NA NA NA NA NA NA NA

SPIKE CONC DB14 NA NA NA NA NA NA NA -
SPIKE CONC AR64 NA NA NA NA NA NA NA
SPIKE CONC AB9 NA NA NA NA NA NA NA
SPIKE CONC BV10 NA NA NA NA NA NA NA
SPIKE CONC 2AQ NA NA NA NA NA NA NA
SPIKE CONC SO3 NA NA NA NA NA NA NA
SPIKE CONC 1AQ NA NA NA NA NA NA NA
SPIKE CONC SY14 NA NA NA NA NA NA NA
SPIKE CONC SO7 NA NA NA NA NA NA NA
SPIKE CONC AY3 NA NA NA NA NA NA NA
SPIKE CONC SY3 NA NA NA NA NA NA NA
SPIKE CONC SR1 NA NA NA NA NA NA NA
SPIKE CONC DR9 NA NA NA NA NA NA NA
SPIKE CONC SY2 NA NA NA NA NA NA NA
SPIKE CONC 5G3 NA NA NA NA NA NA NA
SPIKE CONC SR24 NA NA NA NA NA NA NA
SPIKE CONC AN NA NA NA NA NA NA NA
SPIKE CONC BZ NA NA NA NA NA NA NA




SO0THS S002HS S003HS 5004HS S005HS S006HS SGO7HS

SPIKE CONC AB45 17069.62 16993.14 17071.31 17172.60 16875.74 1639454 17097.58
SPIKE CONC AY23 13937.21 13874.77 13938.59 14021.30 13778.91 13386.01 13960.05
SPIKE CONC AY73 17396.73 17318.79 17398.46 17501.70 17199.14 16708.72 17425.24
SPIKE CONC AQ10 15235.77 15167.51 15237.28 15327.70 15062.72 14633.22 15260.73
SPIKE CONC ABT 18298.79 18216.81 1830060 18409.19 18090.94 17575.09 18328.77
SPIKE CONC BY2 13094.64 13035.97 13095.93 13173.64 12945.90 12576.76 13116.09
SPIKE CONC DV1 1289638 12838.60 12897.66 12974.19 12749.90 12386.35 1291751
SPIKE CONC $Y33 13857.91 1379583 13859.29 13941.52 13700.51 13309.85 13880.61
SPIKE CONC DB14 14819.44 14753.05 14820.91 14908.85 14651.12 14233.35 14843.72
SPIKE CONC AR64 17932.02 1785168 17933.80 18040.21 17728.34 17222.83 1796140
SPIKE CONC AB9 16256.78 16183.94 16258.39 16354.86 16072.13 15613.84 16283.41
SPIKE CONC BV10 10329.00 10282.73 10330.03 10391.32 1021768 9920.50 10345.92
SPIKE CONC 2AQ 18526.78 18443.78 18528.62 18638.56 18316.35 17794.07 185567.13
SPIKE CONC 503 1267830 12621.50 12679.56 12754.80 12534 30 12176.89 12699.07
SPIKE CONC 1AQ 13737.78 12680.71 12739.04 12814.63 12593.10 12234.02 12758.65
SPIKE CONC $Yi4 14036.34 13973.45 14037.73 14121.03 13876.91 13481.22 14059.34
SPIKE CONC $07 14274.24 14210.29 14275.66 14360.37 14112.13 13709.72 14297 63
SPIKE CONC AY3 16593 81 16519.47 16595.45 16693.92 16405.33 15937.54 16620.99
SPIKE CONC SY3 14968.13 14901.07 14969.61 15058.44 14798.12 14376.16 14992.65
SPIKE CONC SR1 22987.48 22884.49 22989.76 23126,17 22726.38 22078.35 23025.14
SPIKE CONC DR8 15166.38 15098.44 15167.89 15257.89 14954.12 14566.57 15191.23
SPIKE CONC §Y2 19527.96 19440.47 19529 89 19645.78 19306.15 18755.65 1955995
SPIKE CONC SG3 15562.89 15493.17 15564.43 15656.79 15386.12 14947.40 15588.35
SPIKE CONC SR24 2815.20 2802.59 2815.48 2832.18 2783.22 2703.86 2819.81

SPIKE CONC AN 20588.61 20496.37 20590.66 20712.83 20354.76 19774.36 20622.34

SPIKE CONC BZ 12053.81 11999.80 12055.60 12126.53 11916.90 11577.09 12073.55




| S00THS | S002HS | S003HS | S004HS | _S005HS | S006HS | S007HS
Results from HPLC

HPLC RESULT AB45 13.965 20.732 20.998 19.469 19.262! 20.554 18.8089

HPLC RESULT AY23 9.390 9.608 9.401 9.441 8.813 9.233 9.299

HPLC RESULT AY73 12.421 12.530 12215 12.350 11.499 12.000 12.062

HPLC RESULT AQ10 32381 33.273 32,319 32.480 30.411 31678 31.806

T HPLC RESULT AB1 0.867 0.743 0.439 0.634 0.590 1.728 2.733
HPLC RESULT BY2 74.442 78.194 76.669 77.279 69.115 71.919 72.876]
 HPLCRESULT DVA 10.572 9.412 9.314 10.218 8.913 9.4G7 10.374
HPLC RESULT SY33 5.500 5.681 5.630 5.534 5,152 5.403 5.447

HPLC RESULT DB14 9.626 11.680 12.207 10.269 9.278 10.063 9.842

HPLC RESULT AR64 9.716 9.816 9.808 9.747 9.133 9.411 8.483

HPLC RESULT AB9 1.422 1.465 1.465 1.477 1.369 1.245 1.028

~  HPLCRESULT BV10 11.188 11.420 11.120 11.105 10.438 10.887 10.993
HPLC RESULT 2AQ 8.731 9.349 8.907 8.917 8.053 8.654 8.696

HPLC RESULT S03 7.246 7.202 7.111 7.078 6.646 7.028 7.109

B HPLC RESULT 1AQ 12.041 12.545 12.115 12.289 11.245 11.745 12.267]
HPLC RESULT SY14 6.451 6.843 6.604 6.584 6.082 6.451 6.468

HPLC RESULT SO7 10.713 11.879 13.768 13.769 11.915 11187 13.448

HPLC RESULT AY3 2166 2.020 1.841 2125 2.067 2.205 2.7

HPLC RESULT §Y3 34.951 36.742 35.589 35.392 32.936 34.633 34.702

HPLC RESULT SR1 10.022 9.883 11.792 11.680 9.973 9.222 9.217

HPLC RESULT DR9 6.988 7.408 7.081 7.183 6.362 6.888 7.204

HPLC RESULT SY2 9.010 9.964 9.093 8.954 8279 8.686 8.813

HPLC RESULT SG3 9.259 5.473 37.763 30.898 29.802 24.828 17.680

HPLC RESULT SR24 0.000 0.000 0.000 0.000 0.000 0.000 0.000

HPLC RESULT AN 13.189 13.817 13.367 13.285 12.446 13.124 13.272

HPLC RESULT BZ 13.746 14.498 14,066 14.064] 12.836 13.968 13.890




e on o e AN W et 8

S00THS | S002HS | S003HS | S004HS S005HS S006HS | SO07HS
Final Sample Results
CF (STD INJ VOL VS SAM INJ VOL) 2 2 2 2 2 2 2

FINAL VOLUME 10.0881] 10.1335000] 10.0871000] 10.0276000; _10.20400C0| 10.5035000{ 10.0716000
CORRECTED RESULT AB45 6982.50 10366.00 10499.00 9734.50 9631.00 10277.00 9404.50
CORRECTED RESULT AY23 4695.00 4804,00 4700.50 4720.50 4406.50 4616.50 4649.50
CORRECTED RESULT AY73 6210.50 6265.00 6107.50 6175.00 5749.50 6000.00 6031.00
CORRECTED RESULT AQ10 16190.50 16636.50 16159.50 16240.00 15205.50 15839.00 15903.00
CORRECTED RESULT AB1 433.50 371.50 219.50 317.00 295.00 864.00 1366.50
CORRECTED RESULT BY2 37221.00 39097.00 38334.50 38639.50 34557.50 35959.50 36438.00
CORRECTED RESULT DV1 5286.00 4706.00 4657.00 5109.00 4456.50 4703.50 5187.00
CORRECTED RESULT 8Y33 2750.00 2840.50 2815.00 2767.00 2576.00 2701.50 2723.50
CORRECTED RESULT DB14 4813.00 5840.00 6103.50 5134.50 . 4639.00 5031.50 4921.00
CORRECTED RESULT AR64 4858.00 4908.00 4904.00 4873.50 4566.50 4705.50 4741.50
CORRECTED RESULT ABS 711.00 732.50 732.50 738.50 684.50 622.50 514.00
CORRECTED RESULT BV10 5594.00 5710.00 5560.00 5552.50 5219.00 5443.50 5496.50
CORRECTED RESULT 2AQ 4365.50 4674.50 4450.50 4458.50 4026.50 4327.00 4313.00
CORRECTED RESULT 303 3623.00 3601.00 3555.50 3539.00 3323.00 3514.00 3554.50
CORRECTED RESULT 1AQ 6020.50 627250 6057.50 6144.50 5622.50 5872.50 6133.50
CORRECTED RESULT SY14 3225.50 3421,50 3302.00 3292.00 3041.00 322550 3234.00
CORRECTED RESULT S07 5356.50 5939.50 6884.00 6884.50 5957.50 5593.50 6724.00
CORREGTED RESULT AY3 1083.00 1010.00 920.50 1062.50 1033.50 1102.50 1208.50
CORRECTED RESULT SY3 17475.50 18371.00 17794.50 17696.00 16468.00 17316.50 17351.00
CORRECTED RESULT SR1 5011.00 4941.50 5896.00 5840.00 4986.50 4611.00 4608.50
CORRECTED RESULT DR9 3494.00 3704.00 3540.50 3591.50 3181.00 3444.00 3602.00
CORRECTED RESULT SY2 4505.00 463200 4546.50 4477.00 4139.50 4343.00 4406.50
CORRECTED RESULT SG3 4629.50 2736.50 18881.50 15449.00 14901.00 12414.00 8840.00
CORRECTED RESULT SR24 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT AN 6594.50 6908.50 6683.50 6642.50 6223.00 6562.00 6636.00
CORRECTED RESULT BZ 6873.00 7249.00 7033.00 7032.00 6418.00 6984.00 6945.00




SO0IHS | S002HS | S003HS | S004HS | S005HS | S006HS |  S007HS
Percent Recoveries

% RECOVERY AB45 40.91 61.00 61.50 56.69 57.07 62.69 55.00
% RECOVERY AY23 33.69 34,62 33.72 33.67 31.98 34.49 33.31
% RECQVERY AY73 35.70 36.17 35.10 35.28 33.43 35.91 34.61
% RECOVERY AD10 106.27 1098.69 106.05 105.95 100.95 108.24 104.21
% RECOVERY AB1 2.37 2.04 1.20 1.72 1.63 492 7.46
°% RECOVERY BY2 284.25 299.92 292.72 293.31 266.94 285,92 277.81
% RECOVERY DV1 40.99 36.66 36.11 39.38 34.95 37.97 40.15
*% RECOVERY SY33 19.84 20.59 20.31 19.85 18.80 20.30 19.62
% RECOVERY DB14 32.48 39.59 41.18 34.44 31.66 35,35 33.15
% RECOVERY AR64 27.09 27.49 27.35 27.01 25,76 27.32 26.40
% RECOVERY AB9 4.37 4.53 4.51 4.52 4.26 3.99 3.1
% RECOVERY BV10 54.16 55,53 53.82 53.43 51.11 54.87 53.13
% RECQVERY 2AQ 23.56 25.34 24.02 23.92 21.98 24.32 23.24
% RECOVERY S03 28.58 28.53 28.04 27.75 26.51 28.86 27.99
% RECOVERY 1AQ 4726 49 46 47.55 4795 44.65 48.00 48.07
% RECOVERY SY14 22.98 24.49 23.52 23.31 21.91 23.93 23.00
°% RECOVERY 807 37.53 41.80 48.22 47.94 42,22 40.80 47.03
% RECOVERY AY3 6.53 6.11 5.55 6.36 6.30 6.92 7.27
% RECOVERY SY3 116.75 123.29 118.87 117.52 111.28 120.45 115.73
% RECOVERY SR1 21.80 21.59 25.65 25,25 21.94 20.88 20.02
% RECOVERY DR9 23.04 24,53 23.34 23.54 21.21 23.64 23.71
% RECOVERY SY2 23.07 23.83 23.28 22.79 21.44 23.16 22.53
°% RECOVERY SG3 29,75 17.66 121.31 9867 96.85 83.05 56.71
% RECOVERY SR24 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00

% RECOVERY AN 32.03 33.71 32.46 32,07 30.57 33.18 32.18

% RECOVERY BZ 57.02 60.41 58.34 57.99 53.86 60.33 57.52




S001HS | S002HS | S003HS | S004HS S005HS S006HS S007HS
Square of Corrected Results

N 7 7l 7 7 7] 7 7
Xi"2 AB45 48755306.3]  1.075E+08]  1.102E+0Q8{ 94760490.3] 92756161.0] 105616729.0] 884446203
Xir2 AY23 22043025.0] 23078416.0] 22094700.3] 22283120.3| 19417242.3| 21312072.3] 21617850.3
Xir2 AY73 38570310.3]  39250225.0{ 37301556.3| 38130625.0) 33056750.3| 36000000.0] 36372961.0
Xi~2 AO10 2.621E+08] 2.76BE+08| 2611E+08] 2.637E+08]  2.312E+08] 2.509E+08|  2.529E+08
Xi"2 AB1 187922.3 138012.3 48180.3 100489.0 87025.0 746496.0]  1867322.3
X2 BY2 1.385E+09] 1.529E+08| 1.470E+08] 1.493E+09] 1.194E+09]  1.293E+09]  1.328E+09
Xir2 DV1 27941796.0] 22146436.0] 21687649.0] 26101881.0] 19860392.3] 22122912.3] 26904969.0
X2 SY33 7562500.0)  B8068440.3]  7924225.0|  7656289.0]  6635776.0|  7298102.3]  7417452.3
Xi*2 DB14 23164969.0) 34105600.0| 37252712.3] 26363090.3) 21520321.0] 25315992.3| 24216241.0]
Xin2 AR64 23600164.0] 24088464.0] 240492160 23751002.3) 208529223 22141730.3| 224818223
Xi"2 AB9 505521.0 536556.3 536556.3 545382.3 468540.3 387506.3 264196.0
Xir2 BV10 31292836.0| 32604100.0| 30913600.0] 30830256.3| 27237961.0] 29631692.3| 302115123
Xir2 2AQ 19057590.3] 21850950.3| 19806950.3| 19878222.3] 16212702.3] 18722929.0 18601969.0
X2 SO3 13126129.0] 12967201.0] 12641580.3] 12524521.0| 11042329.0] '12348196.0/ 12634470.3
X2 1AQ 36246420.3| 39344256.3] 36693306.3] 37754880.3] 31612506.3] 34486256.3] 3761968223
Xin2 SY14 10403850.3] 11706662.3] 10903204.0] 10837264.0|  9247681.0{ 10403850.3] 10458756.0
Xir2 807 28692092.3] 35277660.3] 47389456.0] 47396340.3] 35491806.3| 312872423 45212176.0
Xir2 AY3 1172889.0{  1020100.0 847320.3|  1128906.3]  1068122.3[  1215506.3] 14604723
X2 SY3 3.054E+08)  3.375E+08]| 3.166E+08] 3.131E+08; 2.712E+08! 2.999E+08] 3.011E+08
Xi"2 SR1 25110121.0] 24418422.3| 34762816.0] 34105600.0] 24865182.3] 21261321.0] 212382723
X2 DR9 12208036.0) 13719616.0] 12535140.3] 12898872.3| 10118761.0( 11861136.0] 12974404.0
Xi"2 Y2 20295025.0| 21455424.0] 2067066231 20043529.0] 17135460.3| 18861649.0] 194172423
Xi"2 SG3 21432270.3] 74884323 356511042.3] 238671601.0] 222039801.0] 154107396.0] 78145600.0
Xi"2 SR24 0.0 0.0 0.0 0.0 0.0 0.0 0.0}
Xi"2 AN 43487430.3| 477273723 44669172.3] 44122806.3| 38725729.0] 43059844.0{ 44036496.0
Xire BZ 47238129.0] 52548001.0] 49463089.0] 49449024.0| 41190724.0] 48776256.0] 48233025.0




S001HS | S002HS | S003HS | S004HS | SC0SHS | SO006HS | S007HS
Sum of the Square of Corrected Results

E Xi*2 AB45 6.480E+08

E Xi*2 AY23 1.518E+08

E Xi*2 AY73 2.587E+08
E Xi*2 AO10 1.799E+09

E Xi*2 ABI1 3.175E+06

E Xi*2 BY2 9.692E+09

E Xi*2 DVi 1.668E+08

E Xi*2 $Y33 5.256E+07
E Xi*2 DB14 1.919E+08

E Xi"2 AR64 1.610E+08 -

E Xi*2 AB9 3.244E+06

E Xi"2 BV10 2.127E+08

E Xin2 2AQ 1.341E+08

E Xi"2 SO3 8.728E+07

E _Xi"2 1AQ 2.538E+08

E Xi*2 SY14 7.396E+07

E Xi"2 SO7 2.707E+08

E Xi*2 AY3 7.913E+06

E Xi"2 SY3 2.145E+09

E Xi*2 SR1 1.858E+08

E Xi"2 DR9 8.632E+07

E Xi*2 SY2 1.379E+08

E Xi*2 SG3 1.078E+09

E Xi*2 SR24 0.000E+00

E X2 AN 3.058E+08 —
E X2 BZ 3.369E+08]




S001HS | S002HS | SO03HS | S004HS | S005HS | S006HS |  S007HS
Sum of the Corrected Results Squared

(E Xiy2 AB45 4.475E+09
(E Xi}2 AY23 1.062E+09
(E Xiy*2 AY73 1.810E+09
(E Xi)2 AO10 1.258E+10
{E Xiy*2 AB1 1.495E+07
(E Xip2 BY2 6.773E+10
(E Xiy*2 DV1 1.163E+09
(E Xi)*2 5Y33 3.676E+08
(E Xi)*2 DB14 1.331E+09
(E Xi2 AR64 1.126E+09
(E Xiy*2 AB9 2.242E+07
(E Xi)*2 BV10 1.488E+08
(E Xip2 2AQ 9.373E+08
(E Xip2 803 6.106E+08
(EXip2 1AQ 1.774E+09
(E Xi}*2 SY14 5.172E+08
(E Xiy2 507 1.878E+09
(E Xip2 AY3 5.506E+07
{E Xip2 SY3 1.500E+10
(E Xiy*2 SA1 1.288E+09
(E Xiv'2 DR9 6.030E+08
(E Xiy»2 8Y2 9.641E+08
(E Xiy2 SG3 6.061E+09
(E Xi}*2 SR24 0.000E+00
(EXi)*2 AN 2.139E+09
(E X2 BZ 2.356E+09




S001HS | S002HS | S003HS [ S004HS | S005HS | SO00GBHS | S007HS
Variance

§42: VARIANCE AB45 1458088.5
§/2: VARIANGE AY23 15569.7
S°2: VARIANCE AY73 29833.6
$"2: VARIANCE AO10 197783.0
$/2: VARIANCE AB1 173201.0
$°2: VARIANCE BY2 2676207.8
SA2: VARIANGE DV1 100267.2
S°2: VARIANCE SY33 7533.1
$72: VARIANGE DB14 299992.2
S"2: VARIANCE ARG4 16309.5
S°2: VARIANCE ABg 6782.1
§"2: VARIANCE BV10 23440.6
S72: VARIANCE 2AQ 38341.7
§2: VARIANCE S03 9687.7
$~2; VARIANCE 1AQ 45544.8
§A2: VARIANCE SY14 13167.9
$/2: VARIANCE SO7 402741.7
SA2: VARIANCE AY3 7842.7
$72: VARIANCE 5Y3 334196.1
5°2: VARIANCE SR1 283738.4
5~2: VARIANCE DR9 27750.2
§42: VARIANCE SY2 26749.8
§2: VARIANCE SG3 35426594.0
SA2: VARIANCE SR24 0.0

5A2: VARIANCE AN 41415.5

$12: VARIANCE BZ 65204.3




S001HS | S002HS | S003HS [ SO004HS | SO05HS | SO06HS |  SO007HS
Standard Deviation

STD DEVIATION AB45 1207.5
STD DEVIATION AY23 124.8
STD DEVIATION AY73 172.7
STD DEVIATICN AO10 4447
STD DEVIATION AB1 416.2
STD DEVIATION BY2 1635.9
STD DEVIATION DVi 316.7
7 7T STD DEVIATION SY33 86.8
STD DEVIATION DB14 547.7
STD DEVIATION AR64 127.7
STD DEVIATION AB9 82.4
STD DEVIATION BV10 153.1
STD DEVIATION 2AQ 195.8
STD DEVIATION 803 98.4
STD DEVIATION 1AQ 2134
STD DEVIATION SY14 114.8
STD DEVIATION SO7 §34.6

STD DEVIATION AY3 86.6 —
STD DEVIATION SY3 578.1
STD DEVIATION SR1 532.7
STD DEVIATION DR9 166.6
STD DEVIATION SY2 160.5
STD DEVIATION SG3 5952.0
STD DEVIATION SR24 0.0
STD DEVIATION AN 203.5
STD DEVIATION BZ 255.4




Table VIl - 5B
Percent Recoveries Low-Level Aqueous Method Low Spike, Long Gradient
Compounds Ret. Time WLMO001LS WLMO002LS WLMOO03LS WLMOO0O4LS WLMOO5LS WLMOO6LS WLMOOBLS
% RECOVERY AB45 %  6.439 35 43 22 A 44

% RECOVERY AY3 % 13.8372 {312 4 -‘ospi-iil 4
% RECOVERY AY23 %  14.513 067 % sotey

% RECOVERY ARG4 % 149 164 138
% RECOVERY AY73 % 17.353 = 229 = 7208
% RECOVERY AO10 %  18.752 o
% RECOVERY AB9 % 21657 = 293 242
% RECOVERY DV1 %  22.77 221 - 199

% RECOVERY AB1 % 23.733
% RECOVERY 2AQ % 23.758
% RECOVERY SO3 % 24.783
% RECOVERY SY33 % 28.259
% RECOVERY 1AQ %  28.853
% RECOVERY DB14 %  34.023
% RECOVERY BY2 %  35.367
% RECOVERY SY3 9%  35.998
% RECOVERY BV10 % 36.018
% RECOVERY DR9 % 36.142
% RECOVERY BZ %  36.724
% RECOVERY 8Y2 %  39.91

% RECOVERY AN %  40.641
% RECOVERY SY14 %  44.36
% RECOVERY SR1 % 44.811
% RECOVERY SO7 %  50.894
% RECOVERY SG3 % 57.448
% RECOVERY SR24 % 57.994

Percent Recovery




Compounds

% RECOVERY AB45
% RECOVERY AY3
% RECOVERY AY23
% RECQOVERY AR64
% RECOVERY AY73
% RECOVERY AO1D
° RECOVERY ABSY
% RECOVERY DV1
% RECOVERY AB1
% RECOVERY 2AQ
% RECOVERY S0O3
% RECOVERY $Y33
% RECOVERY 1AQ
% RECOVERY DB14
% RECOVERY BY2
% RECOVERY $Y3
% RECOVERY BV1Q
% RECOVERY DAY
% RECOVERY BZ
% RECOVERY 3v2
% RECOVERY AN
% AECOVERY 3Y14
% RECOVERY A1
% RECOVERY 507
% RECOVERY 5G3
% RECOVERY SR24

%
%
%
%
%
%

Y%
Yo
%
%
Y
Y%
%
Y%
Yo
Yo
Yo
Yo
Y
%
%
Yo
%
%o
%

Ret. Time WLMOO01LS WLMO002LS WLMOO3ILS WLMOO4LS WLMOOSLS WLMOOGLS WLMOO0SLS

6.439
13.372
14.513

149
17.353
18.752
21.857

2277
23.733
23.758
24.783
28.209
28.853
34.023
35.367
35.998
36.018
36.142
36.724

39.91
40.641

44.36
44.811
50.694
57 448
57 994

35
3z
267
164
229
279
293
221
300

163
264
246
148
526
258
282
204
247
169
154
202
156
220

297

43
252
220
138
203
222
242
199
188

160
233
201
121
489
200
220
168
217
144
156
178
238
23

331

TABLE VIl - 5A

PERCENT RECOVERIES LOW-LEVEL AQUEQUS METHOD LOW SPIKE, LONG GRADIENT

22
298
260
159
238
268
287
196
233

155
237
244
152
468
233

201
250
175
150

182
245
100
180

312
258
214
245
266
282
194
279

186
200
221
133
1084
220
239
167
20
135

167
171
183
110
217

a7

52

18

Lower
Average s.t d'. Control
Deviation L
{p) s) Limit
{p-28)
a8 12 12
286 23 240
243 21 202
160 29 102
210 18 183
252 22 208
72 23 227
197 14 169
255 38 180
Al 1 0
170 32 105
236 28 181
227 17 192
191 34 a3
636 364 ¢
229 26 178
252 23 206
183 20 142
228 25 153
154 20 113
117 71 0
166 44 76
169 64 42
196 79 39
66 36 4]
219 121 Q

Upper
Control
Limit
{p+28)

60
333
284
218
258
297
38
225
an

4
234
291
261
218

1424
280
299
224
304
195
329
253
297
353
138
460

Average Std. Dev
{on six (s} (on six

points)  points)
588 246
135 35
78 23
255 79

Lower
Contral
Limit
(p-28)

25

32
97

Upper
Control
Limit
{p+2s}

1680

300

123
413



TABLE ViI-5

Low-Level Aqueaus Extraction Method, Long Gradient, Low Spike
[ Mean | MethodBias| _ = Method .
Sample Results {pg/L) Result | (Accuracy) Deviati Precision MD RQL pg/L|
Eﬂ"_l- %R viation {%RSD) Hg/L
Sample avera mean
Compounds Conc | WLMOOILS | WLMOD2LS | WLMOOILS | WLMOOSLS | WLMOOSLS | WLMOOGLS | WLMOGBLS | sampie mlfmu-mpm e dev. | (wadevimean | stdov. |y, .
Gl residit conci*100 ample results | resuit) 100 3.4
ACID BLUE 45 34.44 12.2 14.8 7.7 15.1 12.9 18.0 6.3 124 36.1 42 33.5 13.1 52.3
ACID YELLOW 23 28.12 75.0 619 73.0 72.5 60.6 70.7 64.8 66.4 243.1 5.8 8.5 18.3 73.1
ACID YELLOW 73 35.1 80.2 71.3 83.5 85.9 70.5 76.5 71.3 77.0 219.5 6.3 8.2 19.8 79.3
ACID QRANGE 10 30.74 85.7 68.2 82.3 81.9 68.5 78.7 77.9 77.6 252.5 6.8 8.8 21.4 855
ACID BLUE 1 36.92 110.6 69.4 86.1 103.0 88.0 1063 101.9 94.2 265.1 13.89 14.8 437 175.0
BASIC YELLOW 2 26.42 128.8 124.0 123.6 286.5 141.9 116.7 355.5 183.9 695.9 96.2 52.3 302.0 12081
DISPERSE VIOLET 1 26.02 57.6 51.8 50.9 50.5 46.0 53.2 48.6 51,2 196.8 36 71 11.5 45.8
SOLVENT YELLOW 33 27.96 73.8 B5.1 71.9 56.0 54.8 71.2 88.7 659 235.8 7.7 11.7 24.3 97.0
DISPERSE BLUE 14 29.9 443 36.0 456 5.8 343 83.5 518 45.0 150.8 10.1 22.4 nz 126.8
ACID RED 64 36.18 59.5 50.0 57.5 77.3 64.5 47.5 49.7 8.0 160.3 10.5 18.1 329 131.5
ACIO BLUE 9 328 962 794 84.1 925 77.9 9.8 939 89.3 272.1 75 8.4 23.4 37
BASIC VIOLET 10 20.84 58.7 45.8 55.1 48.9 47.5 55.1 56.2 52.8 2562.5 4.9 9.3 15.4 61.4
2-AMINOANTHRAQUINONE | 13738 1.5 0.0 0.0 0.0 o0 0.0 0.0 02 0.8 0.6 264.6 1.7 8.9
SOLVENT ORANGE 3 25,58 433 40.9 39.7 47.6 29.2 56.7 47.6 43.4 169.8 8.3 19.0 2549 103.7
1-AMINCANTHRAQUINONE 25.7 63.2 51.7 62.7 £6.9 53.6 60.8 59.2 58.3 226.8 4.4 7.6 13.9 5.6
SOLVENT YELLOW 14 28.32 57.2 50.5 £7.5 47.3 20.9 48.9 46.5 47.0 165.8 124 26.4 3849 1556
SOLVENT ORANGE 7 28.8 634 66.5 7056 52.7 6.7 67.8 66.9 56.4 185.8 22.6 40.1 711 284.3
ACID YELLOW 3 3348 104.5 84.4 98,7 104.6 87.7 34.9 95.2 95.9 286.3 7.5 81 24.5 98.1
SOLVENT YELLOW 3 30.2 778 60.5 70.4 66.3 58.2 75.7 75.1 69.2 229.0 7.7 11.2 242 96.9
SOLVENT RED 1 46.38 726 109.4 843 7.3 18.4 102.8 82.6 78.5 169.2 29.6 37.7 92.9 371.5
DISPERSE RED 9 308 62.5 516 61.4 51.3 46.5 60.8 8.2 56.0 183.1 6.2 11.1 19.6 78.2
SOLVENT YELLOW 2 39.4 66.6 56.9 68.8 53.2 477 66.8 64.0 60.6 153.7 8.0 13.3 25.3 1011
SOLVENT GREEN 3 314 18.2 16.9 31.3 34.6 0.0 21.3 23.8 209 66.5 11.3 54.0 35.4 141.7
SOLVENT RED 24 5.68 16.9 18.8 10.2 12.3 0.0 19.6 9.2 12.4 218.9 6.8 5§5.1 215 86.0
ANTHRACENE 41.54 63.9 64.8 62.4 1.5 10.3 64.2 72.2 458.4 116.6 29.4 60.6 92.2 368.7
BENZANTHRONE 24.32 §0.1 2.7 60.8 40.8 46.3 60.3 59.4 55.5 2281 6.1 11.0 19.2 76.9




S001HS | S002HS | SO003HS | S004HS [ SO0SHS | S006HS |  S007HS
Method Detection Limit

T (STUDENT'S T @ 99% FOR 6 DF) 3.140
MDL AB45 3791.6
MDL AY23 391.8
MDL AY73 542.4
MDL AO10 1396.4
MDL AB1 1306.8
MDL BY2 5136.8
MDL DV1 994.3
[ MDL SY33 2725
MDL DB14 1719.8
MDL ARG4 401.0
MDL ABS 268.6
MDL BV10 480.7
MDL 2AQ 614.8
MDL SO3 308.1
MDL 1AQ 670.1
MDL SY14 360.3
MDL SO7 1992.7
MDL AY3 278.1
MDL 5Y3 1815.2
MDL SR1 1672.6
MDL DR9 523.1
MDL SY2 503.9
MDL SG3 18689.4
MDL SR24 0.0
MDL AN 639.0
MDL BZ 801.8




WLMOO1LS | WLMOO2LS | WLMOO3LS | WLMOD4LS | WLMOO5LS | WLMOO6LS | WLMOOSLS

Stock Standard Concentrations

ACID BLUE 45 STD 3444 3444 3444 3444 344.4 344.4 344.4
ACID YELLOW 23 STD 281.2 281.2 281.2 281.2 281.2 281.2 261.2
ACID YELLOW 73 STD 351.0 351.0 351.0 351.0 351.0 351.0 351.0
ACID CRANGE 10 STD 307.4 307.4 307.4 307.4 307.4 307.4 307.4

ACID BLUE 1 STD 369.2 369.2 359.2 369.2 369.2 368.2 369.2
BASIC YELLOW 2 STD 264.2 264.2 264.2 264.2 264.2 264.2 264.2

DISPERSE VIOLET 1 STD 260.2 260.2 260.2 260.2 260.2 260.2 260.2
SOLVENT YELLOW 33 STD 279.6 279.6 279.6 279.6 279.6 279.6 279.6
DISPERSE BLUE 14 STD 299.0 299.0 299.0 298.0 289.0 269.0 208.0

ACID RED 64 STD 3618 361.8 3561.8 361.8 361.8 361.8 361.8

ACID BLUE 8 STD 328.0 328.0 328.0 328.0 328.0 328.0 328.0
BASIC VIOLET 10 STD 208.4 208.4 208.4 208.4 208.4 208.4 208.4

2-AMINOANTHRAQUINONE STD 373.8 373.8 373.8 373.8 373.8 373.8 373.8
SOLVENT ORANGE 3 STD 255.8 255.8 255.8 256.8 255.8 255.8 255.8
1-AMINOANTHRAQUINONE STD 257.0 257.0 257.0 257.0 257.0 257.0 257.0
SOLVENT YELLOW 14 STD 283.2 283.2 283.2 283.2 283.2 283.2 283.2
SOLVENT ORANGE 7 STD 288.0 288.0 288.0 288.0 288.0 288.0 288.0
ACID YELLOW 3 STD 334.8 334.8 334.8 334.8 334.8 334.8 334.8
SOLVENT YELLOW 3 STD 302.0 302.0 302.0 302.0 302.0 302.0 302.0
SOLVENT RED 1 §TD 463.8 463.8 463.8 463.8 463.8 463.8 463.8
DISPERSE RED 8 STD 306.0 306.0 306.0 306.0 306.0 306.0 306.0
SOLVENT YELLOW 2 STD 394.0 394.0 394.0 394.0 394.0 394.0 394.0
SOLVENT GREEN 3 STD 314.0 314.0 314.0 314.0 314.0 314.0 314.0
SOLVENT RED 24 STD 56.8 56.8 56.8 56.8 56.8 56.8 56.8
ANTHRACENE 415.4 415.4 415.4 415.4 4154 4154 415.4
BENZANTHRONE 243.2 243.2 243.2 243.2 243.2 243.2 243.2




WLMOO1LS [ WLMOO2LS | WLMOO3LS | WLMO04LS | WLMOOSLS | WLMOOBLS | WLMOOBLS

Weight of Stock Standard Spiked

SPIKE VOLUME EACH DYE 100.0 100.0 100.0 100.0 100.0 1000 100.0
AB45 SPIKE WEIGHT 34.4 34.4 34.4 344 344 34.4 344
AY23 SPIKE WEIGHT 28.1 28.1 28.1 28.1 28.1 28.1 28.1
AY73 SPIKE WEIGHT 35.1 35.1 35.1 35.1 35.1 35.1 35.1
AD10 SPIKE WEIGHT 30.7 30.7 30.7 30.7 30.7 30.7 30.7
AB1 SPIKE WEIGHT 369 369 36.0 36.9 36.9 36.9 36.9

BY2 SPIKE WEIGHT 6.4 26.4 26.4 264 26.4 26.4 264
DV SPIKE WEIGHT 26.0 26.0 260 26.0 260 360 26.0
SY33 SPIKE WEIGHT 28.0 28.0 28.0 28.0 28.0 28.0 260
DB14 SPIKE WEIGHT 29.9 29.9 29.9 29.9 29.9 29.9 29.9
ARB4 SPIKE WEIGHT 36.2 36.2 36.2 36.2 36.2 3.2 36.2
AB9 SPIKE WEIGHT 32.8 328 32.8 32.8 32.8 3238 328
BV10 SPIKE WEIGHT 20.8 208 20.8 20.8 20.8 20.8 208
2AQ SPIKE WEIGHT 37.4 374 37.4 37.4 37.4 374 374
503 SPIKE WEIGHT 256 25.6 256 25.6 256 256 358
TAQ SPIKE WEIGHT 25.7 257 257 257 257 25.7 257
SY14 SPIKE WEIGHT 28.3 28.3 28.3 28.3 283 283 28.3
S07 SPIKE WEIGHT 28.8 28.8 28.8 28.8 28.8 288 28.8
AY3 SPIKE WEIGHT 33.5 335 33.5 335 33.5 335 335
SY3 SPIKE WEIGHT 30.2 30.2 30.2 3tz 30.2 302 30.2
SR1 SPIKE WEIGHT 46.4 46.4 46.4 15.4 464 46.4 46.4
DRS SPIKE WEIGHT 30.6 306 30.6 30.6 306 306 30.6
SY2 SPIKE WEIGHT 39.4 394 39.4 39.4 39.4 394 394
$G3 SPIKE WEIGHT 314 3.4 314 314 a4 3.4 314
SA24 SPIKE WEIGHT 57 57 57 57 5.7 57 57

AN SPIKE WEIGHT 315 a15 a5 a5 415 415 45

87 SPIKE WEIGHT 24.3 243 243 24.3 243 243 24.3




WLMOOTLS | WLMODZLS | WLMOOBLS | WLMOO4LS | WLMOO5LS | WLMOOBLS | WLMOOBLS

Weight Standard per Volume Sample

MATRIX VOLUME (WATER} 1.000 1.000 1.000 1.000 1.000 1.000 1.000}
MATRIX WEIGHT (SOIL) NA NA NA NA NA NA NA
SPIKE CONC AB45 344 344 344 34.4 34.4 344 34.4
SPIKE CONC AY23 28.1 28.1 28.1 28.1 28.1 28.1 28.1
SPIKE CONG AY73 35.1 35.1 35.1 35.1 35.1 35.1 35.1
SPIKE CONC AG10 30.7 30.7 30.7 307 30.7 30.7 30.7
SPIKE CONC AB1 36.9 36.9 3.9 36.9 36.9 3.9 36.9
SPIKE CONC BY2 26.4 26.4 26.4 26.4 26.4 264 26.4
SPIKE CONG DV1 26.0 26.0 2610 26.0 26.0 26.0 26.0
SPIKE CONC 5Y33 28.0 28.0 28.0 280 28.0 280 28.0
SPIKE CONC DB14 29.9 25.9 739 29.9 299 29.9 29.9
SPIKE CONC ARG4 36.2 36.2 36.2 6.2 36.2 36.2 36.2
SPIKE CONC AB9 32.8 32.8 3238 32.8 328 3238 32.8
SPIKE CONC BVi0 20.8 20.8 208 20.8 20.8 208 0.8
SPIKE CONC 2AQ 37.4 374 37.4 374 37.4 374 374
SPIKE CONC 503 256 256 256 256 256 256 256
SPIKE CONC 1AQ 257 25.7 557 25.7 25.7 25.7 25.7
SPIKE CONC SV14 28.3 283 283 283 283 283 28.3
SPIKE CONC SO7 288 288 288 288 288 288 28.8
SPIKE CONC AY3 335 335 335 335 335 i35 335
SPIKE CONC SY3 30.2 302 30.2 30.2 302 302 30.2
SPIKE CONC SR1 46.4 464 46.4 46.4 46.4 464 46.4
SPIKE CONC DR2 30.6 30.6 30.6 30.6 306 306 306
SPIKE CONC 5Y2 39.4 39.4 394 39.4 394 39.4 30.4
SPIKE CONC 5Ga 314 314 34 31.4 31.4 314 314
SPIKE CONC SR24 5.7 5.7 5.7 5.7 5.7 57 5.7
SPIKE CONC AN 415 45 a5 415 415 415 415
SPIKE CONC BZ 243 24.3 243 243 24.3 243 24.3




WLMOD1LS [ WLMO002LS | WLMODO03LS [ WLMOGALS | WLMOOS5LS | WLMOOBLS | WLMOOBLS

SPIKE CONC AB45 NA NA NA NA NA NA NA
SPIKE CONC AY23 NA NA NA NA NA NA NA
SPIKE CONG AY73 NA NA NA NA NA NA NA
SPIKE CONC AG10 NA NA NA NA NA NA NA
SPIKE CONC AB1 NA NA NA NA NA NA NA
SPIKE CONC BY2 NA NA NA NA NA NA NA
SPIKE CONG DV1 NA NA NA NA NA NA NA
SPIKE CONC SY33 NA NA NA NA NA NA NA
SPIKE CONC DB14 NA NA NA NA NA NA NA
SPIKE CONC ARB4 NA NA NA NA NA NA NA
SPIKE CONC ABS NA NA NA NA NA NA NA
SPIKE CONC BV10 NA NA NA NA NA NA NA
SPIKE CONC 2AQ NA NA NA NA NA NA NA
SPIKE CONC 803 NA NA NA NA NA NA NA
SPIKE CONC 1AQ NA NA NA NA NA NA NA
SPIKE CONGC SY14 NA NA NA NA NA NA NA
SPIKE CONC $07 NA NA NA NA NA NA NA
SPIKE CONC AY3 NA NA NA NA NA NA NA
SPIKE CONC SY3 NA NA NA NA NA NA NA
SPIKE CONC SR1 NA NA NA NA NA NA NA
SPIKE CONC DR@ NA NA NA NA NA NA NA
SPIKE CONG §¥2 NA NA NA NA NA NA NA
SPIKE CONC 5Ga NA NA NA NA NA NA NA
SPIKE CONG SR24 NA NA NA NA NA NA NA

SPIKE CONC AN NA NA NA NA NA NA NA

SPIKE CONC BZ NA NA NA NA NA NA NA




WLMOOTLS | WLMOOZLS | WLMOOSLS | WLMOO4ES | WLMOOSLS | WLMOOGLS | WLMOOBLS

Results from HPLC

HPLC RESULT AB45 2.437 2.969 1.542 3.012 2.578 3.593 1.253
HPLC RESULT AY23 14.993 12.372 14.602 14.504 12.124 14.142 12.957
HPLC RESULT AY73 16.048 14.253 16.698 17177 14101 15.304 14.260
HPLC RESULT AO10 17.133 13.648 16.468 16.382 13.700 15.746 15.570
HPLC RESULT AB1 22.126 13.871 17.228 20.594 17.605 20.068 20,387
HPLC RESULT BY2 27.768 24.807 24.726 57.300 28.377 23.332 71.104
HPLC RESULT DV1 11.524 10.356 10.181 10.092 9.196 10.635 9.728
HPLC RESULT S5Y33 14.754 13.023 14.377 11.190 10.951 14.245 13.745
HPLC RESULT DB14 8.854 7.207 9.114 7.950 6.866 12.704 10.350
HPLC RESULT AR6G4 11.895 10.007 11.494 15.452 12.906 9.509 9.934
HPLC RESULT ABS 19.247 15876 18.811 18.503 15.571 18.161 1&%‘
HPLC RESULT BV10 11.744 9.151 11.021 9.975 9.501 11.023 11.248
HPLC RESULT 2AQ 0.292 0.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT SO3 8.667 8.182 7.937 9.510 5.842 11.148 9.523
HPLC RESULT 1AQ 12.630 10.331 12.530 11.383 10.719 12.163 11.837
HPLC RESULT §Y14 11.449 10.096 11.508 9.456 4.152 9.786 9.294
HPLC RESULT 807 12.687 13.315 14.087 10.546 1.345 13.562 13.386
HPLC RESULT AY3 20.908 16.871 19.933 20.921 17.544 18.985 19.043
HPLC RESULT SY3 15.569 12,087 14.080 13.269 11.649 15.141 15.015
HPLC RESULT SR1 14.513 21.872 16.866 15.866 3.672 20.567 16.527
HPLC RESULT DR9 12.508 10.311 12.276 10.250 9.293 12.154 11.644
HPLC RESULT SY2 13.313 11.383 13.761 10.636 9.533 13.360 12.798
HPLC RESULT SG3 3.649 3.384 6.251 6.926 0.000 4.258 4.761
HPLC RESULT SR24 3.374 3.755 2.047 2.468 0.000 3.920 1.842
HPLC RESULT AN 12.776 12.95 12.473 0.293 2.061 12.831 14.442

HPLC RESULT BZ 12.01 10.544 12.157 9.755 9.252 12.056 11.877




~TWLHMOOTLS | WLMOOZLS | WLMOOSLS | WLMOOALS | WLMOOSLS [ WLMOOGLS | WLMO0BLS
Final Sample Resuilts ]

CF (5TD INJ VOL VS SAM INJ VOL) 2 2 2 2 2 2 2
FINAL VOLUME 10.00 10,00 10.00 10.00 10.00 10.00 10.00
CORRECTED RESULT AB45 12.19 14,85 7.7 15.06 12.89 17.97 6.27
CORRECGTED RESULT AY23 7497 61.86 7301 7252 60.62 70.71 64.79
CORREGTED RESULT AY73 80.24 7127 83.49 85.89 70.51 76.52 71.30
CORRECTED RESULT AO10 85.67 68.24 82.34 81.91 68.50 78.73 77.85
GORRECTED RESULTABI | 11063 69.36 86.14 102.97 85.03 100.34 101,94
CORRECTED RESULT BY2 138.84 124.04 123.63 286.50 14189 116.66 355.52
CORRECTED RESULY DV 5762 51.78 50.91 50.46 45.98 53.18 48.64
CORRECTED RESULT Y33 | 73.77 65.12 71.89 55.95 54.76 71.23 68.73
CORREGTED RESULT DB14 44.27 36.04 4557 39.75 34.33 53.52 51.75
CORREGTED RESULT ARG4 53.48 50.04 57.47 77.26 6453 3755 49.67
CORREGTED RESULT ABY 96.24 79.38 94.06 9252 77.86 90.81 93.53
CORRECTED RESULT BV10 58.72 45.76 55.11 49,88 4751 55.12 56.24
CORRECTED RESULT 2AQ 1.46 0.00 0.00 0.00 .00 0.00 .00
| CORRECTED RESULT 503 4334 40,91 39.69 47.55 28.21 55.75 4762
CORRECTED RESULT 1AQ 63.15 51.66 62,65 56.92 53.60 60.82 50.19
CORRECTED RESULT 5Y14 57.25 50.48 57.54 47.28 20.76 45.93 46.47
CORREGTED RESULT SO7 63.44 66,58 70.49 5273 673 67.81 66.93
CORRECTED RESULT AY3 104.54 84.36 99.67 104.61 87.72 94.93 95.22]
CORRECTED RESULT SY3 77.85 60.49 70.40 66.35 58.25 75.71 75.08
CORREGTED RESULT SR1 72.57 109.38 84.33 79.33] 18.36 10284 §2.64)
CORREGTED RESULY DRY 6255 51.56 61.38 51.25 46.47 60.77 58.22
CORRECTED RESULT 5Y2 66.57 56.92 68.81 53.18 4767 66.80 63.96
CORRECTED RESULT SG3 18.25 16.92 31.26 3463 0.00 21.30 2381
CORRECTED RESULT 5R24 16.87 18.78 10.24 1234 0.00 19.60 9.21
CORRECTED RESULT AN 63.88 64.75 62.37 1.47 10.31 64.16 72.21
CORRECTED RESULT BZ 60.05 52.72 60.79 4878 46.26 60.28 59.39)




TWLMODTLS | WLMOOZLS | WLMOOSLS | WLMOOALS | WLMOO5LS | WLMOO6LS | WLMOOBLS

Percent Recoveries

% RECOVERY AB45 35.38 43.10 22,38 43.73 37.43 52.16 18.19
% RECOVERY AY23 266.6 220.0 258.6 257.9 21586 251.5 230.4
% RECOVERY AY73 228.6 203.0 237.9 244.7 200.9 218.0 203.1
% RECOVERY AQ10Q 278.7 222.0 267.9 266.5 222.8 256.1 253.3
% RECOVERY AB1 299.6 187.9 233.3 278.9 238.4 271.8 276.1
% RECQOVERY BY2 525.5 469.5 467.9 1084.4 537.0 4416 1345.6
% RECOVERY D\1 2214 199.0 195.6 193.9 176.7 204.4 186.8
% RECOVERY SY33 263.8 232.9 2571 200.1 195.8 254.7 245.8
% RECOVERY DB14 148.1 120.5 152.4 132.9 114.8 212.4 173.1
% RECOVERY ARE4 164.4 138.3 158.8 213.5 178.4 131.4 137.3
% RECOVERY ABS 293.4 242.0 286.8 2821 237.4 276.8 286.4
% RECOVERY BV10Q 281.8 219.6 264.4 2393 228.0 284.5 269.9
% RECOVERY 2A0 3.9 0.0 0.0 0.0 0.0 0.0 0.0
% RECOVERY SO3 169.4 159.9 153.1 185.9 114.2 217.9 186.1
% RECOVERY 1AQ 245.7 201.0 243.8 221.5 208.5 236.6 230.3
% RECOVERY S5Y14 2021 178.2 203.2 166.9 73.3 172.8 1841
% RECOVERY S0O7 220.3 231.2 244.7 18341 23.4 235.5 232.4
% RECOVERY AY3 312.2 252.0 297.7 3124 262.0 283.5 284.4
% RECOVERY SY3 257.8 2003 233.1 219.7 182.9 250.7 248.6
% RECOVERY SR1 156.5 235.8 181.8 171.0 39.6 221.7 178.2
% RECOVERY DR9 204.4 168.5 200.6 167.5 151.8 198.6 190.3
% RECOVERY SY2 168.9 144.5 174.6 135.0 121.0 169.5 162.4
% RECOVERY SG3 58.1 53.9 99.5 110.3 0.0 67.8 75.8
% RECOVERY SR24 297.0 330.5 180.2 217.3 0.0 345.1 1621

% RECOVERY AN 153.8 155.9 1501 35 24.8 154.4 1738

% RECOVERY BZ 245.9 216.8 249.9 200.6{ 190.2 247.9 244.2




WLMOO01LS | WLMOO02LS | WLMOO3LS | WLMOOALS | WLMOOSLS | WLMOOBLS | WLMOOBLS

Square of Corrected Results

N 7 7 7 7 7 7 7
Xin2 AB45 148.5 2204 58.4 226.8 166.2 3227 39.3
Xing AY23 5619.8 3826.7 5330.5 5258.2 3674.8 4999.9 41971
X2 AY73 6438.5 5078.7 6970.6 7378.2 4971.0 5855.3 5083.7
X2 AD10 7338.5 4656.7 §779.9 6709.2 4692.3 6198.4 6060.6
Xin2 AB1 12239.0 4810.1 7420.1 10602.8 7748.4 10068.1 103%0.7
X2 BY2 19276.5 15384.7 15284.4 82082.3 201314 13609.6 126394.5
X2 D1 33201 2681.2 25913 2546.2 21142 28276 2365.8
Xin2 5Y33 5442.0 4240.0 5167.5 31304 2998.1 5073.0 47231
Xir2 DB14 1959.8 1298.5 2076.6 1580.1 11785 4034.8 2678.1
Xin2 ARG4 3537.3 2503.5 3302.8 5969.1 4164.1 2260.5 24671
X2 AB9 9261.2 6301.2 8846.3 8559.0 6061.4 8245.5 §821.9
X2 BV10 3448.0 2093.5 3036.6 2487.5 2256.7 3037.7 3162.9
Xin2 2AQ 2.1 0.0 0.0 0.0 0.0 0.0 0.0
Xin2 503 1877.9 1673.6 1574.9 2261.0 853.2 3107.5 2267.2
Xir2 1AQ 3987.9 2668.2 3925.0 3238.3 2872.4 3698.5 3502.9
Xin2 SY14 3277.0 2548.2 3310.9 2235.4 431.0 2394.1 2159.5
Xin2 507 4024.0 44322 4968.1 2780.5 452 4598.2 4479.6
X2 AY3 10928.6 7115.8 9933.1 10942.2 7694.8 89010.8 5065.9
Xing 8Y3 6059.8 3658.4 4856.2 4401.7 3392.5 5731.2 5636.3
X2 SRi 5265.7 11959.6 71115 6293.2 3371 10575.0 6828.5
Xin2 DR9 3911.9 2657.9 3767.5 2626.6 2159.0 3683.0 3389.6
Xin2 sy2 4430.9 3239.3 47341 28281 2272.0 4462.2 4094.7
Xin2 SG3 3329 286.3 976.9 1189.2 0.0 453.5 566.7
Xin2 SR24 284.6 352.5 104.8 152.3 0.0 384.2 84.8
Xin2 AN 4080.7 41926 3889.4 2.1 108.2 41159 5214.3
X2 BZ 3606.0 2779.4 3694.8 2378.0 2140.0 3633.7 3526.6




WLMOO01LS [WLMOOZLS | WLMOO3LS | WLMOOALS | WLMOO5LS | WILMOOGLS | WLMOOBLS

Sum of the Square of Corrected Results

E Xin2 AB45 1183.2
E Xin2 AY23 32907.8
E Xir2 AY73 41773.8
E X2 AD10 42435.6
E Xir2 ABt 63279.3
E Xir2 BYz2 292163.2
E Xin2 bvi 18446.4
E X2 5Y33 30774.1
E Xin2 DB14 14806.4
E X2 ARG4 24204.4
E Xin2 AB9 56096.6
E X2 BV1Q 19523.0
E Xir2 2AQ 21
E X2 803 136154
E Xir2 1AQ 238943
E Xin2 SY14 16356.1
E Xin2 8Q7 25327.9
E Xin2 AY3 64681.1
E Xin2 8Y3 33836.1
E Xin2 SR1 48370.8
E Xi~2 DRS 22205.4
E Xin2 Sy2 260614
E Xir2 SG3 3815.4
E Xin2 SR24 13631
E X2 AN 21601.1
E Xin2 BZ 21759.5




WLMOO1LS | WLMO002LS | WLMOOSLS | WLMO04LS | WEMODSLS [ WLMOO6SLS | WLMOO0BLS

Sum of the Corrected Results Squared

(E Xiy'2 AB45 7585.1 [
(EXiy'2 AV23 2289335
(E Xiy’2 AY73 290742.0
(E Xiy*2 AO10 2051043
(E Xif"2 AB1 434801.8
(E Xiy’2 BY2 1656549.2
(EXi)"2 DVA 128565.3
{(EXi)*2 S5Y33 2129130
(EXiy'2 DB14 99366.8
(E X2 AR64 164823.8
(E Xi)*2 ABY 3903376
(E Xiy'2 BVi0 135655.9
(E Xiy'2 2AQ 2.1
(E Xi)*2 503 92446.4
(EXiy2 TAQ 166435.4
(EXiF2 SY14 108047.0
(E Xiy'2 SO7 15657802
(EXiP'2 AY3 450274.6
(EXiy2 5Ya 2343558
(E Xi)*2 8Ri 301856.8
(E Xi)*2 DR9 153809.1
(E Xiy'2 SY2 179708.2
(EXiy"2 5G3 21359.8
(E Xi)"2 SRed 7574.2
(EX)*Z AN 115009.2
(E Xiy2 BZ 150741.9




WLMOO1LS | WLMOOZLS | WLMOO3LS | WLMOGALS | WLMOO5L.S [ WLM006LS | WLMOD8LS

Variance

542: VARIANCE AB45 17.3
S/2: VARIANCE AY23 338
§42: VARIANCE AY73 39.9
§42: VARIANCE AO10 46.3

5/2: VARIANCE AB1 194.1

5n2: VARIANCE BY2 §252.2

$/2; VARIANCE DV1 133 ]
572: VARIANCE SY33 59.7
$/2: VARIANCE DB14 101.9
572: VARIANCE AR64 109.7

$A2: VARIANCE AB9 55.7
§/2: VARIANCE BV10 23.9

§2: VARIANCE 2AQ 0.3

§2: VARIANCE SO3 68.1

$A2: VARIANCE 1AQ 196
5A2; VARIANCE SY14 153.5 |
$72: VARIANCE SO7 5123

SA2: VARIANCE AY3 61.0

572: VARIANCE SY3 59.5

572: VARIANCE SR1 874.7 |
S2: VARIANCE DR9 38.8

$42: VARIANGE 5Y2 64.8

542: VARIANGE 5G3 127.3
SA2: VARIANCE SR24 46.8

§°2: VARIANCE AN 861.9

§72: VARIANCE BZ 37.5




WLMOOILS | WLM002L.S | WLMODO3LS | WLMOO4LS | WLMOOS5LS | WLMOQ6LS | WLMDOBLS

Standard Deviation

STD DEVIATION AB45 4.2
STD DEVIATION AY23 5.8
STD DEVIATION AY73 6.3
STD DEVIATION AO1D 6.8
STD DEVIATION AB1 13.9
STD DEVIATICN By2 96.2
STD DEVIATION DV1 36
STD DEVIATION SY33 7.7
STD DEVIATION DB14 10.1
STD DEVIATION AR64 10.5
STD DEVIATION AB9 7.5
STD DEVIATION BV10 4.9
STD DEVIATION 2AQ 0.6
STD DEVIATION 803 8.3
STD DEVIATION 1AQ 4.4
STD DEVIATION SY14 12.4
STD DEVIATION SO7 22.6
STD DEVIATION AY3 7.8
STD DEVIATION SY3 7.7
STD DEVIATION SR1 29.6
STD DEVIATION DR9 6.2
STD DEVIATION SY2 8.0
STD DEVIATION SG3 11.3
STD DEVIATION SR24 6.8

STD DEVIATION AN 294

STD DEVIATICN BZ 6.1




WLMOO1LS | WLMOO2LS i WLMOO3LS I WLMOO4LS ] WwLMOO5LS I WLMOO6LS MLMOOBLS
Method Detection Limit

T (STUDENT'S T @ 99% FOR 6 DF) 3.140
MODL AB45 13.1
MDL AY23 18.3
MDL AY73 19.8
MDL AO10 21.4
MDL AB1 43.7
MDL BY2 3020
MDL DV1 11.5
MDL SY33 24.3
MDL DB14 31.7
MDL AR64 329
MDL ABS 234
MDL BV10 15.4
MDL 2AQ 1.7
MDL SO3 259
MDL 1AQ 13.9
MDL 5Y14 389
MDL SO7 71.1
MDL AY3 245
MDL SY3 242
MDL SR1 92.9
MDL DR9 19.6
MDL Sy2 25.3
MDL SG3 354
MDL SR24 21.5
MDL AN 92.2
MDOL BZ 19.2




TABLE Vi - 6A

PERCENT RECOVERIES
LOW-LEVEL AQUEQUS METHOD
HIGH SPIKE, LONG GRADIENT

Compounds Ret. Time WLMO0O4HS ' WLMOO6HS WLMOO7HS WLMOO0BHS WLMOOSHS WLMO10HS WLMO11HS

% RECOVERY AB45 %  6.439 0 - 3 11 19 7 8

% RECOVERY AY3 % 13372 127 152 144 135 131 139
% RECOVERY AY23 %  14.513 113 98 118 124 122 107
% RECOVERY AR64 % 14.9 74 52 55 102 86 51

% RECOVERY AY73 %  17.353 95 83 109 113 99 101
% RECOVERY AO10 %  18.752 122 128 133 132 127 130
% RECOVERY AB9 %  21.657 116 150 148 145 139 133
% RECOVERY DV1 % 22.77 13 90 98 107 95 95
% RECOVERY AB1 %  23.733 132 146 144 144 138 141
% RECOVERY 2AQ %  23.758 o . 0 ¥ IR ¢ % T+ I/ B
% RECOVERY SO3 %  24.783 14 96 97 102 72 75
% RECOVERY SY33 %  28.259 110 129 133 132 125 126
% RECOVERY 1AQ %  28.853 107 124 127 118 109 120
% RECOVERY DB14 %  34.023 19 86 70 87 81 97
% RECOVERY BY2 %  35.367 274 . . 437 G o 408 e 3BT 276 - . 280
% RECOVERY SY3 % 35998 95 132 130 125 113 121
% RECOVERY BVI0 % 36.018 117 143 139 138 130 136
% RECOVERY DR9 %  36.142 84 106 103 99 89 98
% RECOVERYBZ % 36.724 103 133 130 128 117 121
% RECOVERY 8Y2 %  39.91 43 93 90 93 74 87
% RECOVERY AN %  40.641 85 115 13 97 87 83
% AECOVERY SY14 %  44.36 94 113 109 113 90 105
% RECOVERY SRt %  44.811 68 94 112 97 gt 83
% RECOVERY SQ7 %  50.894 103 133 132 127 112 123
% RECOVERY SG3 %  57.448 45 59 _ 77 82
% RECOVERY SR24 9%  57.994 111 175 BLE 50 o I8 128

1 Sample not used due to probiems durlng extractlon



TABLE VII-6

Low-Level Aqueous Extraction Method, Long Gradient, High Spike

Mean | Method Bias Standard Mathod
Sample Results (ug/L) Result | (Accuracy) Deviati Precision
gL %R viation | (%RsD)
Sample average {mean
Compounds Conc | WLMOO04HS ™ | WLMDCEHS | WLMOO7HS | WLMOEOBHS | WLMOOSHS | WLMO10HS | WLMO11HS | sampla | resultisample std.dev. | (std devimean
g/l resuit onc) 100 sample results | result)*100

ACID BLUE 45 172.2 D 50 42 195 327 11.2 14.5 14.5 8.4 10.6 73.2

ACID YELLOW 23 140.6 158.3 139.2 1445 165.4 173.7 171.9 150.6 157.5 112.1 147 9.3
ACID YELLOW 73 1755 165.9 1459 141.0 190.6 199.0 173.4 177.1 173.2 97.5 23.4 13.7

ACID ORANGE 10 1537 187.9 157 4 184.1 204.2 203.5 164.5 193.8 197.3 128.3 74 a7

ACID BLUE 1 1848 2435 269.9 2513 265.9 265.1 2549 260.8 261.3 141.6 7.1 2.7
BASIC YELLOW 2 1323 362.1 577 6 935.1 533.0 472.0 364.9 369.6 542.0 4103 210.7 359

DISPERSE VIOLET 1 1301 16.565 1176 1155 127.7 139.8 123.1 123.1 1245 95.7 8.7 7.0

SOLVENT YELLOW 33 1398 154.0 180.4 1758 1862 164.2 174.4 176.8 179.6 128.5 45 27
DISPERSE BLUE 14 149.5 29.0 128.1 106.4 104.6 130.1 121.2 1455 122.6 82.0 5.5 12.6
‘: ACID RED 64 180.3 133.9 94.2 123.5 99.1 184.1 155.6 921 124.8 69.0 37.8 30.3
| ACID BLUE & 164 189.5 246.4 2299 242 6 2383 2275 218.3 233.8 142.6 10.5 45
BASIC VIOLET 10 104.2 1222 48.2 1379 144.4 1439 135.8 141.4 142.1 136.4 49 34

: 2-AMINOANTHRAGUINONE | 1869 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0o 0.0 0.0 0.0
SOLVENT ORANGE 3 127.9 179 1229 115.5 124.6 130.6 92.3 96.2 1137 8.9 15.9 14.0
1-AMINGANTHRAGUINONE | 1285 137 159.0 156.1 162.9 151.7 139.6 154.4 154.0 119.8 8.0 5.2

SOLVENT YELLOW 14 141.8 132.4 1605 154.9 154.5 159.8 127.2 148.9 151.0 106.6 2.4 8.2

SOLVENT ORANGE 7 144 1487 1919 187.6 189.4 183.5 162.0 176.6 181.8 126.3 1.1 6.1

ACID YELLOW 3 167 4 212.0 254 5 208.8 240.6 226.7 218.8 233.5 230.4 1377 16.2 7.0

SOLVENT YELLOW 3 151 144.0 1994 187.4 195.7 189.0 170.3 1823 187.3 124.1 103 5.5
SGLVENT RED 1 231.9 158.5 217.7 266.3 260.7 225.4 2104 193.5 229.0 20.8 28.8 126

DISPERSE RED 9 153 128.7 162.4 1519 157.5 151.4 135.4 150.4 1515 99.0 91 6.0

SOLVENT YELLOW 2 197 84.7 1837 177.8 176.8 182.3 1457 170.6 172.8 87.7 4.1 8.1
SOLVENT GREEN 3 157 71.0 92.2 86.3 121.5 79.7 90.5 129.0 99.9 63.6 203 20.3

SOLVENT RED 24 8.4 31.4 49.6 457 49.1 47.9 432 36.3 45.3 159.4 50 1.1
ANTHRACENE 207.7 135.6 2388 215.4 2350 200.7 138.2 1729 200.2 96.4 38.8 19.4

BENZANTHRONE 1216 124.9 162.0 153.8 157.9 1556 142.8 147.4 153.3 126.0 7.0 46

1 Sample results not used for calcutations due to problems encountered during extraction.




UNITS WLMOO4HS ]WLMOOGHS [WLMOO?HS _[WLMOOBHS |WLM009HS | WLMO10HS | WLMO11HS

Stock Standard Concentrations
ACID BLUE 45 STD UG/ML 344.4 344.4 344.4 344.4 3444 344.4 344.4
ACID YELLOW 23 STD UG/ML 281.2 281.2 261.2 2812 281.2 2812 281.2
ACID YELLOW 73 STD UG/ML 351.0 351.0 351.0 351.0 351.0 351.0 351.0
ACID ORANGE 10 STD UG/ML 3074 307.4 307.4 3074 307.4 307.4 307.4
ACID BLUE 1 STD UG/ML 369.2 369.2 369.2 369.2 369.2 369.2 3652
BASIC YELLOW 2 STD UG/ML 2642 264.2 264.2 264.2 2642 264.2 264.2
DISPERSE VIOLET 1 81D UG/ML 260.2 260.2 260.2 260.2 260.2 260.2 260.2
SOLVENT YELLOW 33 57D UG/ML 2796 279.6 2796 279.6 279.6 275.6 2795
DISPERSE BLUE 14 S1D UG/ML 299.0 299.0 299.0 299.0 3890 299.0 299.0
ACID RED 64 STD UG/ML 361.8 361.8 3618 361.8 3618 361.8 361.8
ACID BLUE 8 STD UG/ML 328.0 328.0 3280 328.0 3280 3280 328.0
BASIC VIOLET 10 STD UGML 208 .4 2084 208.4 208.4 208.4 208.4 208.4
2-AMINOANTHRAQUINONE STD UG/ML 373.8 3738 3738 373.8 3738 373.8 373.8
SOLVENT ORANGE 3 STD UG/ML 255.8 255.8 2558 2558 255.8 255.8 255.8
1-AMINOANTHRAQUINONE STD UG/ML 257.0 257.0 257.0 2570 257.0 257.0 257.0
SOLVENT YELLOW 14 STD UG/ML 283.2 283.2 283.2 283.2 2832 283.2 283.2
SOLVENT ORANGE 7 STD UG/ML 288.0 288.0 288.0 288.0 288.0 288.0 288.0
ACID YELLOW 3 STD UG/ML 3343 3348 334.8 3348 334.8 3348 334.8
SOLVENT YELLOW 3 STD UG/ML 3020 302.0 302.0 302.0 302.0 302.0 302.0
SOLVENT RED 1 STD UG/ML 463.8 463.8 463.8 463.8 4638 463.8 4638
DISPERSE RED 8 STD UG/ML 306.0 306.0 306.0 306.0 306.0 306.0 306.0
SOLVENT YELLOW 2 STD UG/ML 394.0 394.0 3940 3940 394.0 394.0 334.0
SOLVENT GREEN 3 STD UG/ML 314.0 314.0 314.0 3140 314.0 314.0 3140
SOLVENT RED 24 STD UG/ML 56.8 56.8 56.6 56.8 56.8 56.8 56.8
ANTHRACENE UG/ML 4154 415.4 415.4 415.4 415.4 4154 415.4
BENZANTHRONE UG/ML 243.2 2432 2432 2432 2432 2432 2432




UNITS WLMOO4HS |WLMOOEHS [WLMOO7HS |WLMOO08HS [WLMOOSHS | WLMO10HS | WLMO11HS
Weight of Stock Standard Spiked
SPIKE VOLUME EACH DYE UL 500.0 500.0 500.0 500.0 500.0 500.0 500.0
' AB45 SPIKE WEIGHT UG 1722 17232 1722 1722 172.2 1722 172.2
i AY23 SPIKE WEIGHT UG 140.6 140.6 1406 140.6 140.6 140.6 1406
AY73 SPIKE WEIGHT UG 175.5 1755 1755 1755 1755 1755 175.5
AQ10 SPIKE WEIGHT UG 153.7 1837 153.7 153.7 153.7 1537 153.7
AB1 SPIKE WEIGHT UG 184.6 1846 184.6 184.6 184.6 184.6 184.6
BY2 SPIKE WEIGHT uG 132.1 1321 132.1 321 132.1 1321 132.1
DV1 SPIKE WEIGHT UG 1303 130.1 1304 1301 130.1 136.1 130.1
5Y33 SPIKE WEIGHT UG 139.8 130.8 139.8 139.8 139.8 138.8 139.8
DB14 SPIKE WEIGHT UG 1495 1495 1495 149.5] . 1495 149.5 149.5
ARG4 SPIKE WEIGHT UG 180.9 180.9 180.9 180.9 180.9 180.9 180.9
AB9 SPIKE WEIGHT UG 164.0 164.0 1640 1640 1640 164.0 164.0
BV10 SPIKE WEIGHT UG 104.2 104.2 104.2 104.2 104.2 1042 104.2
2AQ SPIKE WEIGHT UG 186.9 186.9 186.9 186.9 186.9 186.9 186.9
503 SPIKE WEIGHT UG 127.9 127.9 127.9 127.9 127.9 127.9 127.9
1AQ SPIKE WEIGHT UG 128.5 128.5 128.5 128.5 1285 1285 1285
SY14 SPIKE WEIGHT UG 141.6 141.6 141.6 141.6 1416 141.6 141.6
S0O7 SPIKE WEIGHT UG 144.0 144.0 144.0 144.0 144.0 144.0 144.0
AY3 SPIKE WEIGHT UG 167.4 167.4 167.4 167.4 167.4 167.4 167.4
SY3 SPIKE WEIGHT UG 151.0 151.0 1510 151.0 1510 151.0 151.0
- SR1 SPIKE WEIGHT UG 2519 2319 231.9 231.9 2318 2319 2318
DR9 SPIKE WEIGHT UG 153.0 153.0 153.0 153.0 153.0 153.0 153.0
5Y2 SPIKE WEIGHT UG 1970 197.0 1970 197.0 197.0 197.0 197.0
5G3 SPIKE WEIGHT UG 157.0 157.0 157.0 157.0 i57.0 157.0 157.0
5R24 SPIKE WEIGHT UG 28.4 28.4 28.4 28.4 28.4 28.4 28.4
AN SPIKE WEIGHT UG 207.7 207.7 207.7 207.7 207.7 207.7 207.7
BZ SPIKE WEIGHT UG 1216 121.6 1216 1216 1216 1218 1216




UNITS WLMO04HS [WLMO06HS [WLMOO7HS [WLMOOBHS IWLMOOSHS [ WLMO10HS | WLMO11HS
Weight Standard per Volume Sample
MATRIX VOLUME (WATER) L 1.000 1.000 1.000 1.000 1.000 1.000 1.000
MATRIX WEIGHT (SOIL) KG NA NA NA NA NA NA NA

SPIKE CONG AB45 UGIL 172.2 172.2 172.2 172.2 172.2 172.2 172.2
SPIKE CONC AY23 UGL 140.5 140.6 140.6 140.6 140.6 140.6 140.6
SPIKE CONC AY73 UG/L 1755 175.5 1755 175.5 175.5 175.5 175.5
SPIKE CONC AC10 UG/ 153.7 153.7 153.7 153.7 153.7 153.7 153.7
SPIKE CONC AB1 UG/ 184.6 184.6 1846 184.6 184.6 184.6 184.6
SPIKE CONC BY2 UG/ 1321 1321 132.1 132.1 132.1 132.1 132.1
SPIKE CONC DV UG/L 130.1 130.1 1304 1304 1304 130.1 1309
SPIKE CONC §Y33 UGIL 139.8 139.8 139.8 139.8 139.8 139.8 139.8
SPIKE CONC DB14 UGL 149.5 149.5 1495 149.5 1485 149.5 149.5
SPIKE CONC ARB4 UG/L 180.9 180.9 180.9 180.9 180.9 180.9 180.9
SPIKE CONC AB9 UG/ 164.0 164.0 164.0 164.0 164.0 164.0 164.0
SPIKE CONC BV10 UGL 104.2 104.2 104.2 104.2 1042 104.2 104.2
SPIKE CONC 2AQ UG/L 186.9 186.9 186.9 186.9 186.9 186.9 186.9
SPIKE CONG SO3 UG/ 127.9 127.9 127.9 127.9 127.9 127.9 127.9
SPIKE CONG 1AQ UG/L 128.5 128.5 1285 1285 128.5 128.5 1285
SPIKE CONC SY14 UG/ 141.6 141.6 1416 141.6 141.6 141.6 1416
SPIKE CONC SO7 UG/L 144.0 144.0 144.0 144.0 144.0 144.0 144.0
SPIKE CONG AY3 UGIL 167.4 167.4 167 4 167.4 167.4 167.4 167.4
SPIKE CONG SY3 UG/ 151.0 151.0 151.0 i51.0 1510 151.0 151.0]
SPIKE CONGC SR1 UG/L 231.9 2318 231.9 231.9 281.9 231.8 231.9
SPIKE CONC DR9 UGL 153.0 153.0 153.0 153.0 153.0 153.0 153.0
SPIKE CONC 8Y2 UG/ 1970 197.0 197.0 187.0 197.0 197.0 197.0
SPIKE CONC SG3 UG/L 157.0 157.0 157.0 157.0 157.0 157.0 157.0
SPIKE CONC SR24 UG 284 28.4 28.4 28.4 28.4 284 28.4
SPIKE CONC AN UGIL 2077 207.7 2077 207.7 207.7 2077 207.7
SPIKE CONC BZ UG/ 121.6 1216 1216 121.6 1218 121.6 121.6




UNITS WLM004HS_[WLMOO6HS |WLMOO7HS [WLMOOSHS [WLMOOSHS | WLMO10HS | WLMOT1HS

SPIKE CONC ABA5 UG/KG NA NA NA NA NA NA NA
SPIKE CONC AY23 UG/KG NA NA NA NA NA NA NA
SPIKE CONC AY73 UG/KG NA NA NA NA NA NA NA
SPIKE CONC AO10 UG/KG NA NA NA NA NA NA NA
SPIKE CONC ABT UG/KG NA NA NA NA NA NA NA
SPIKE CONC BY2 UG/KG NA NA NA NA NA NA NA
SPIKE CONC DV1 UG/KG NA NA NA NA NA NA NA
SPIKE CONC SY33 UG/KG NA NA NA NA NA NA NA
SPIKE CONC DB14 UG/KG NA NA NA NA NA NA NA
SPIKE CONC AR64 UG/KG NA NA NA NA NA NA NA
SPIKE CONC AB9 UG/KG NA NA NA NA NA NA NA
SPIKE CONC BV10 UG/KG NA NA NA NA NA NA NA
SPIKE CONC 2AQ UG/KG NA NA NA NA NA NA NA
SPIKE CONC 803 UG/KG NA NA NA NA NA NA NA
SPIKE CONC 1AQ UGIKG NA NA NA NA NA NA NA
SPIKE CONC SY14 UG/KG NA NA NA NA NA NA NA
SPIKE CONC 807 UG/KG NA NA NA NA NA NA NA
SPIKE CONC AY3 UG/KG NA NA NA NA NA NA NA
SPIKE CONC 5Y3 UG/KG NA NA NA NA NA NA NA
SPIKE CONC SR1 UG/KG NA NA NA NA NA NA NA
SPIKE CONC DR9 UG/KG NA NA NA NA NA NA NA
SPIKE CONC 5Y2 UG/KG NA NA NA NA NA NA NA
SPIKE CONC 5G3 UG/KG NA NA NA NA NA NA A
SPIKE CONC SR24 UG/KG NA NA NA NA NA NA NA

SPIKE CONC AN UG/KG NA NA NA NA NA NA NA

SPIKE CONG BZ UG/KG NA NA NA NA NA NA NA




UNITS WLM0OO4HS |WLM006HS_|—WLM007HS ]WLMOOSHS IWLMOO9HS | WLMOIOHSiWLMO? 1HS
. Results from HPLC

HPLC RESULT AB45 UG/ML 0.000 0.995 0.843 3.896 6.545 2.245 2.896
HPLC RESULT AY23 UG/ML 31.665 27.837 28.907 33.080 34.740 34.374 30.117
HPLC RESULT AY73 UG/ML 33.188 29.185 28.193 38.121 39.801 34.677 35.415
HPLC RESULT AD10 UG/ML 37.571 39.473 36.828 40.843 40.695 38.905 39.967
HPLE RESULT AB1 UGML 48.691 53.970 50.263 53.189 53.018 50.981 52.169
HPLC RESULT BY2 UG/ML 72.411 115.523 187.021 106.590 94.405 72.977 73912
HPLC RESULT DV1 UGML 3.313 23,526 23.104 25.545 27.964 24.618 24622
HPLC RESULT §Y33 UG/ML 30.801 36.073 35.166 37.243 36.838 34.886 35.358
HPLC RESULT DB14 UG/ML 5.799 25.614 21.277 20913 26.015 24.246 29.102
HPLC RESULT AR64 UG/ML 26.770 18.841 24.702 19.870 36.82¢ 31,124 18.413
HPLC RESULT ABS UG 37.905 49.288 45.974 48529 47 667 45.500 43655
HPLC RESULT BV10 UG/ML 24 441 29847 27.586 28 886 28,788 27 151 28.278
HPLC RESULT 2AQ UG/ML 0.000 0.000 0.000 0.000 0.000 0.000 0.000
RHPLC RESULT 503 UG/ML 3.586 24572 23.103 24918 26.118 18,450 19,235
HPLC RESULT 1AQ UG/ML 27.425 31.797 31.227 32 580 30.330 27.920 30.889
HPLC RESULT §Y14 UG/ML 26.486 32.098 30.976 30.897 31.950 25.441 29.788
HPLC RESULT 507 UG/ML 29.740 38371 37.529 37873 36.702 32.3%0 35.318
HPLC RESULT AY3 UG/ML 42.409 50.900 41.758 48114 45341 43796 46 692
HPLC RESULT 5Y3 UG/ML 28.800 39.874 37.480 39.147 37.790 34,057 36.466
HPLC RESULT SH1 UG/ML 31.696 43.549 53.255 52.130 45,087 42.077 38.708
HPLC RESULT DR9 UGML 26,738 32.480 30.378 31.493 30.272 27.084 30.079
HPLC RESULT SY2 UG/ML 16.943 36.740 35.559 35.362 36.465 29142 34127
HPLC RESULT 5G2 UG/ML 14.202 18.437 17.269 24.297 15.931 18.102 25.807
HPLC RESULT SR24 UG/ML 6.283 9.919 9.130 9.815 9.586 B.632 7.255

HPLC RESULT AN UG/ML 27.125 47.752 43.087 47,018 40.142 27 649 34.577

HPLC RESULT BZ UG/ML 24.973 32.404 30.753 31.583 31.126 28.565 29.48




UNITS WLM004HS ~ TWLMOOSHS [WLM007HS [WLMOOBHS [WLMOO9HS | WLMO10HS | WLMO11HS
Final Sample Results

CF (STD INJ VOL V5 SAM INJ VOL) 2 2 2 2 2 2 2
FINAL VOLUME ML 10.00 10.00 10.00 10.00 10.00 10.00 10.00
CORRECTED RESULT AB45 UGL or UG/KG 0.00 4.98 422 19.48 3273 11.23 14.48
CORRECTED RESULT AY23 UG/ or UG/KG 158.33 139.19 144.54 165.40 173.70 171.87 150.59
CORRECTED RESULT AY73 UG/L or UG/KG 165.94 14593 140.97 190.61 199.01 173.39 177.08
CORRECTED RESULT AO10 UG/ or UG/KG 187.86 197.37 184.14 204.22 203.43 194.53 199.84
CORRECTED RESULT AB1 UG/ or UG/KG 243.46 269.85 251.32 265.95 265.08 254.91 260.85
CORRECTED RESULT BY2 UG/L or UG/KG 362.06 577.62 935.11 532.95 472.03 364.89 369.56
CORRECTED RESULT bBv1 UG/ or UG/KG 16.57 117.63 115.52 127.73 139.82 123.09 123.11
CORRECTED RESULT SY33 UG/L or UG/KG 154.01 180.37 175.83 186.22 184.19 174.43 176.79
CORRECTED RESULT DB14 UG/L or UG/KG 29.00 128.07 106.39 104.57 130.08 121.23 145.51
CORRECTED RESULT AR64 UG/L or UG/KG 133.85 94.21 123.51 99.05 184.15 155,62 92.07
CORRECTED RESULT ABS UG/L or UG/KG 189.53 246.44 229,87 242.65 238.34 227.50 218.28
CORRECTED RESULT BV10 UG/L or UG/KG 122.21 149.24 137.93 144.43 143.84 135.76 141.39
CORRECTED RESULT 2AQ UG/ or UG/KG 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT SO3 UG/ or UG/KG 17.93 122,86 115,52 124.60 130.59 92.25 96.18
CORRECTED RESULT 1AQ UG/L or UG/KG 137.13 158.99 156.14 162.90 151.65 139.60 154.45
CORRECTED RESULT SY14 UG/L or UG/KG 132.43 160.49 154,88 154.49 159.75 127.21 148.94
CORRECTED RESULT 507 UG or UG/KG 148.70 181,86 187.65 189.37 183.51 161.95 176.59
CORRECTED RESULT AY3 UG/L or UG/KG 212.05 254.50 208.79 240.57 226.11 218.63 233.46
CORRECTED RESULT SY3 UG/L or UG/KG 144.00 199.37 187.40 195.74 188.95 170.29 182.33
CORRECTED RESULT SR1 UG/L or UG/KG 158.48 217.75 266.28 260.65 225.44 210.39 193.54
CORRECTED RESULT DRS UG or UG/KG 128.69 162.40 151.89 157.47 151.36 135.42 150.40
CORRECTED RESULT SY2 UG/ or UG/KKG 84.72 183.70 177.80 176.81 182.33 145.71 170.63
CORRECTED RESULT SG3 UG/L or UG/KG 7101 9219 86.35 121.49 79.66 90.51 129.04
CORRECTED RESULT SR24 UG/ or UG/KG 31.42 49.60 45.65 49.08 47.93 43.16 36.28
CORRECTED RESULT AN UG/ or UG/KG 135.63 238.76 215.44 235.09 200.71 138.25 172.89
CORRECTED RESULT BZ UG/L or UG/KG 124.87 162.02 15377 157.92 155.63 142,83 147.40




UNITS WLMD0AHS |WLMG0E6HS |WLMOO7HS |WLMOO0BHS [WLMOOGHS | WLMOTOHS | WLMO11HS
. Percent Recoveries
% RECOVERY AB45 % 0.00 2.89 2.45 1.3 19.00 6.52 8.41
% RECOVERY AY23 % 112.6 99.0 102.8 117.6 123.5 122.2 107.1
% RECOVERY AY73 % 946 83.1 80.3 108.6 1134 98.8 100.9
% RECOVERY AD10 % 1222 128.4 119.8 132.9 1324 126.6 130.0
% RECOVERY AB1 % 131.9 146.2 1361 144.1 143.6 138.1 141.3
% RECOVERY BY2 % 274.1 4373 707.9 403.4 357.3 276.2 2798
% RECOVERY DV1 % 127 50.4 888 98.2 107.5 94.6 94.6
% RECOVERY SY33 % 110.2 1290 1258 1332 1318 1248 1265
% RECOVERY DB14 % 19.4 857 71.2 69.9 87.0 81.1 97.3
% RECOVERY AR64 % 74.0 52,1 68.3 548 101.8 B86.0 50.9
% RECOVERY AB9 % 115.6 150.3 140.2 148.0 145.3 138.7 133.1
% RECOVERY BV10 % 117.3 143.2 132.4 138.6 1381 130.3 135.7
% RECOVERY 2AQ % 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% RECOVERY S03 % 14.0 96.1 90.3 97.4 102.1 72.1 752
% RECOVERY 1AQ % 106.7 123.7 1215 126.8 118.0 108.6 120.2
% RECOVERY SY14 % 335 1133 109.4 109.1 112.8 89.8 105.2
% RECOVERY S07 % 103.3 1332 130.3 131.5 127.4 1125 122.6
% RECOVERY AY3 % 126.7 1520 1247 1437 135.4 130.6 133 5]
% RECOVERY 5Y3 % 95.4 132.0 1241 129.6 1251 112.8 120.7
% RECOVERY SR1 % 68.3 83.9 114.8 112.4 97.2 90.7 835
% RECOVERY DR9 % 84.1 106.1 993 102.9 98.9 88.5 98.3
% RECOVERY SY2 % 43.0 93.2 903 898 926 74.0 86.6
% RECOVERY SG3 % 452 587 55.0 77.4 50,7 57.6 82.2
% RECOVERY 5R24 % 1106 174.6 160.7 172.8 168.8 152.0 1277
% RECOVERY AN % 65.3 115.0 103.7 113.2 96.6 66.6 832
% RECOVERY BZ % 102.7 133.2 126.5 129.5 128.0 1175 121.2




UNITS WLMOO4HS |WLMOO6HS [WLMOO7HS [WLMO0SHS 'WLMO09HS | WLMOTOHS | WLMO11HS

Square of Corrected Results
N 6 3 6 6 6 6 6
Xir2 AB45 0.0 24.8 17.8 3795 1070.9 126.0 209.7|
Xir2 AY23 25086.8 19372.5 20890.4 27357.2 3077 29539.3 226758
Xtz AY73 27536.1 21294.1 19871.1 363303 39603.0 30062.4 31365.6
Xi"2 AD10 35289.5 38952.9 33907.5 41703.8 41402.1 37840.0 39934.0
Xir2 AB1 59270.3 72819.0 63159.2 70726.7 702727 64976.6 680401
X2 BY2 131083.8]  333630.1]  874421.4| 284035.7]  222807.6] 1331411 136574.6
X2 DV1 Z74.4 13836.8 133449 16313.7 19549.6 151511 15156.1
X2 SY33 23717.5 32531.5 30916.2 34676.0 33926.0 30425.8 31254.7
Xi"2 DB14 840.7 16401.9 11317.8 10933.8 16919.5 14696.7 21173.2
Xi*2 ARG4 179158 8874.6 152547 9810.9 33909.4 242176 8476.0
Xir2 AB9 35919.7 60732.7 52840.2 58876.6 56803.6 51756.3 47644.0
XiA2 BV10 14934.1 222711 19024.7 20860.0 20718.7 18429.4 19991.1
Xir2 2AQ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Xi*2 503 3215 15094.6 133437 15523.9 17053.7 8510.1 9249.6
Xir2 1AQ 188033 256276.2 24378.1 26536.4 22997.7 16488.2 23853.3
Xir2 5Y14 17537.7 25757.0 23987.8 23865.6 255201 161811 22183.1
Xir2 507 22111.7 36808.3 352106 35859.1 33675.9 262278 31184.0
X2 AY3 44963.1 64770.3 435933 578739 513852 477991 54503.6
Xir2 SY3 20736.0 35748.4 35118.8 38312.2 35702.1 28997.0 33244.2
Xir2 SRi 25115.9 47412.9 70902.4 67938.4 50820.9 44261.8 37457.7
Xin2 DR9 16561.1 26373.8 23070.6 24755.2 22909.8 18338.6 22618.7
Xit2 5Y2 7176.6 33745.7 316111 31261.8 332424 21231.4 291155
Xi*2 SG3 5042.4 8498.1 7455.5 14758.6 6344.9 81921 16650.0
X2 SR24 986.9 24597 2083.9 2408.4 2297.3 1862.8 1315.8
Xir2 AN 18394.1 57006.3 46412.2 55267.3 402845 191117 29889.2
X2 BZ 15581.3 26250.5 23643.7 24937.1 24220.7 20399.0 217268




UNITS WLMOO4HS [WLMOO6HS [WLMOO7HS [WLMO0BHS [WLMOO9HS | WLMOTOHS | WLMO11HS
Sum of the Square of Corrected Results

E Xi"2 AB45 1828.6
E Xin2 AY23 150006.8
E Xi"2_ AY73 1785164
E X2 AD1D 233740.3
E X2 ABI 409994.4
E Xin2 BY2 1984619.4
E X2 DV 93352.2
E Xin2 5Y33 153730.2
E Xin2 DB14 91442.9
E X2 AFG4 1005431
E Xi"2 ABS 328653.3
E X2 BV1D 1212951
E Xi*2 2AQ 0.0
E Xin2 803 78775.7
E Xir2 140 1425629.9
E X2 5Y14 137494.8
E Xin2 507 198965.8
E Xi*2 AY3 319935.2
E X2 SY3 211122.7
E Xi"2 SR1 318794.2
E X*2 DR9 1381066
E X2 8Y2 180207.8
E X2 5G3 618991
E Xin2 SR24 12427.9
E Xin2 AN 2479713
E Xi"2 BZ 1411777
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UNITS

WLMO004HS |[WLMOOSHS [WLMOO7HS [WEMOCBHS [WLMOO9HS | WLMO10HS | WLMO11HS

Sum of the Corrected Results Squared

(E Xij"2 AB4S 7586.4
(EXiy'2 AY23 893544.8
{E Xiy2 AY73 1054646.8
(EXiY*2 AD10 1400802.4
{E X2 AB1 2458467.2
(EXiy2 BY2 10576414.6
{E Xiy»2 DV1 557852.1
(EXi}*2 SY33 1161696.0
(E Xip2 DB14 541453.1
(E Xi)"2 AR64 560394.5
(EXiy"2 ABg 1868591 4
{E Xiy’2 BV10 727063.2
(E X2 2AQ 0.0
(EXiy2 SO3 465103.5
(EXiy2 1AQ 853249.4
(EXiy2 5Y14 8203831
{E Xip2 S07 1190095.5
[EXIY2 AY3 1911734.8
(EXiy2 SY3 1263533.4
(E Xi)*2 SR1 1887958.4
{E Xi)*2 DR9 826153.7
(EXiy2 5Y2 1075312.0
{(E Xiy2 5G3 350058.6
(E X2 SR24 73812.7
(E Xi)*2 AN 1442701.3
{(E Xiy2 BZ 845581.4




UNITS WLM0G4HS [WLMO0BHS [WLMGO7HS |WLMO00BHS [WLMOOSHS | WLMOT0HS | WLMO1THS
Variance

S$A2: VARIANCE AB4S 112.8
$72: VARIANCE AY23 216.5
5~2: VARIANCE AY73 548.4
5$12: VARIANCE AQ10 54.7
Sr2: VARIANCE ABR1 50.0
§~2: VARIANCE BY2 44376.7
572: VARIANCE DV1 75.4
$~2: VARIANCE SY33 228
5°2: VARIANCE DB14 240.1
S§n2: VARIANCE ARG4 1428.8
S72: VARIANCE AB9 110.9
5§~2: VARIANGE BV10 236
$n2: VARIANCE 2AQ 0.0
SA2: VARIANCE S03 2517
S$~2: VARIANCE 1AQ 64.3
$~2: VARIANGE S§Y14 152.9
§~2: VARIANCE S07 1233
572: VARIANCE AY3 262.6
S+2: VARIANCE SY3 106.8
S812: VARIANCE SR1 826.9
S12: VARIANCE DR9 82.9
5~2; VARIANCE SY2 197.8
S$n2: VARIANCE SG3 411.2
5/2: VARIANCE SR24 25.2

$72: VARIANCE AN 1504.2

$/2: VARIANCE BZ 49.5




UNITS WLMO04HS [WLMOOGHS [WLMOO7HS [WLMOOSHS JWLMOOSHS | WLMO10HS [ WLMO11HS
Standard Deviation

STD DEVIATION AB45 10.6
STD DEVIATION AY23 14.7
STD DEVIATION AY73 23.4
STD DEVIATION AO10 7.4
STD DEVIATION AB1 7.1
STD DEVIATION BY2 210.7
STD DEVIATION DV1 8.7
STD DEVIATION SY33 4.8
STD DEVIATICN DB14 15.5
STD DEVIATION AR64 378
STD DEVIATION AB9 10.5
STD DEVIATION BV10 4.9
STD DEVIATION 2AQ 0.0
STD DEVIATION SO3 15.9
STD DEVIATION 1AQ 8.0
STD DEVIATION SY14 12.4
STD DEVIATION S07 111
STD DEVIATION AY3 16.2
STD DEVIATION SY3 10.3
STD DEVIATION SRt 28.8
STD DEVIATION DRS 9.1
STD DEVIATION §Y2 141
STD DEVIATION SG3 20.3
STD DEVIATION SR24 5.0

STD DEVIATION AN 38.8

STD DEVIATION BZ 7.0




Compounds

% RECOVERY AB45
% RECQOVERY AR64
% RECOVERY AY3
% RECOVERY AY23
% RECOVERY AY73
% RECOVERY AQO10
% RECOVERY AB9
% RECOVERY DV1
% RECQOVERY AB1
% RECOVERY 2AQ
% RECOVERY SO3
% RECOVERY SY33
% RECOVERY 1AQ
% RECOVERY DB14
% RECOVERY BY2
% RECOVERY BV10
% RECOVERY SY3
% RECOVERY DR9
% RECOVERY BZ
% RECOVERY SY2
% RECOVERY AN
% RECOVERY SY14
% RECOVERY SR1
% RECOVERY SO7
% RECOVERY SG3
% RECOVERY SR24

%
%
Y%
%o
%
%
Yo
%
%
%
%
%
%
%
Yo
%
%
)
%o
Yo
%o
%
%o
%
%
%

Table VIl - 7B

Percent Recoveries Low-Level Aqueous Method Low Spike, Short Gradient

Ret. Time WLMO01LS WLMO002LS WLMO03LS WLMO004LS WLMOO5LS WLMOO6LS WLMOOSLS

4.439
6.174
7.322
7925
9.159
0.946
11.576
12.69
12.709
13.246
13.811
15.498
16.108
18.857
19.452
19.691
19.962
20.367
20.438
22.244
22.537
24.403
24.66
27.804
31.194
31.255

370
255
380
T

142
133
174

194

120
127
298

1224

95 U aE 60 o 15
134 121 144 98 134
149 g e =

5

Percent Recovery



TABLE VIl - TA
PERCENT RECQVERIES LOW-LEVEL AQUEOUS METHOD LOW SPIKE, SHORT GRADIENT

Lower Upper
Control  Gontrod

Lower Upper

Std.
Control  Conirol

Average Average Std. Dev

Compounds Ret. Time WLMOOTLS WLM0O2LS WLMDO3LS WLM004ALS WLMOO0SLS WLMOOGLS WLMOOSLS ® Dev::)non Limit Limit (?n:;x (s) {?nl:n( Limit Lirmit
928 (pe2s) PO POINIS) e (me2s)
% RECOVERY aB45 % 4.439 142 194 95 177 &0 209 15 127 73 0 273
% RECOVERY ARB4 % 6174 133 120 134 121 144 11} 134 126 15 96 156
% RECOVERY AY3 % 7.322 174 127 149 213 21 135 415 204 99 5 402
% AECOVERY AY23 % 7.525 370 298 355 105 139 248 327 263 105 53 473
% RECOVERY A¥73 % 9.159 255 224 264 272 23 242 235 246 18 210 282
% RECOVERY ADID % 9.946 533 422 513 51 442 488 505 488 41 a7 569
% RECOVERY AB9 % 11.5786 350 284 340 329 289 328 346 324 27 270 377
% RECOVERY Dv1 %h 12.69 503 418 485 489 462 511 397 466 43 380 553
% RECOVERY AB1 % 12.709 379 239 296 350 313 344 ag2 226 48 23 421
% RECOVERY 2AC % 13.246 147 131 159 158 149 151 150 149 a4 pIch] 168
% BECOVERY 803 % 13.811 202 188 184 220 146 256 228 203 36 132 275
% RECOVERY SY33 %  15.498 226 137 220 170 175 218 221 204 23 157 251
% RECOVERY 1AQ % 16.108 346 283 340 309 304 330 338 321 23 275 367
% RECOVERY DBi4 % 18.857 256 2m 258 223 188 arzs 306 258 &5 128 aa7
% RECOVERY BY2 Yo 19.452 K34 473 473 1294 508 416 W: 748 463 0 1674 616 334 0 1285
% RECOVERY BV10O % 19.691 374 280 349 317 313 350 72 338 32 274 402
% RAECOVERY SY3 % 19,962 583 449 527 497 453 569 576 522 57 408 636
% AECOVERY OR9 %  20.367 218 177 211 174 165 206 210 184 22 151 237
% RECQVERY BZ % 20.438 409 Jsa 415 33 328 411 410 380 40 261 500
%, RECOVERY 5Y2 % 22.244 164 139 169 130 122 164 162 150 19 112 1868
% AECOVERY AN % 22.537 183 185 178 R | B 19 183 216 138 B9 [+ 404 161 1 19 ara
% RECOVERY SY14 % 24.403 1919 166 193 155 i) 161 160 158 38 682 234
% RECQVERY SA1 % 24.66 143 223 171 159 206 166 158 8 43 275
% AECOVERY S0O7 % 27.804 311 328 347 215 334 81 266 108 51 481
% RECOVERY 5G3 % 31.194 57 50 133 125 61 81 73 46 ] 164 a5 a6 13 156
% RECOVERY SR24 % 31.255 356 444 224 262 429 175 270 157 [1] 583 315 111 92 538




Low-Lavel Aqueous Extraction Method, Short Gradient, Low Spike

TABLE VI-7

Maan | Method Bias Method
Sample Results (ug/L) Result | (Accurscy) DS&T:;: Pracision MDL P.ml:
i %R avia [eRSD) | ML | w9
Sampta avnrage [masn
Compounds Cone WLMOGILS WLMOOZLS WLMCOILS WLMOO4LS WLMDOSLS WLMOOBLS WLMOOBLS | sample | reavysample | MOV | (alddevimaan | eddev. [
. Eample desuis renall)" 190 ERTY
e/l ranult cone)' 108

ACID BLUE 45 34.44 48.8 670 326 610 205 719 53 439 127.4 252 573 780 316.0

ACID YELLOW 23 2812 103.9 838 99.9 252 39.1 696 92.1 740 263.1 295 3.8 926 370.3
ACID YELLOW 73 35 1 891 78.7 938 954 81,1 84.9 B2 4 86.4 248.1 6.3 73 19.7 787
ACID QORANGE 10 30.74 164.0 1298 157.7 157.0 1359 1501 1551 150.0 487 8 12.5 B3 39.2 157.0
ACID BLUE 1 3692 139.8 881 109.3 1263 155 1269 1336 1203 3260 178 148 553 2214
BASIC YELLOW 2 26.42 1412 1248 124 9 3419 134.3 109.9 406.4 1976 748.0 122.4 618 3843 | 1537.0
DISPERSE VIOLET 1 26.02 1308 108.9 1262 1273 120.3 13239 103.2 1214 466.5 1.3 5.3 35.5 1420
SOLVENT YELLOW 33 27 56 63.2 352 616 476 46.9 60.8 618 570 203.9 (X3 115 205 82.0
DISPERSE BLUE 14 29.9 76.5 60 1 76.4 6.7 56.3 111.8 914 770 2578 193 251 60.7 2427
ACID RED 64 368 4.2 &34 4B.5 538 52.0 354 436 457 126.3 5.4 .9 174 £8.4

ACID BLUE 9 2.8 114.9 933 1116 107.8 94.6 107.4 113.4 106.2 323.7 8.7 B2 275 109.8

BASIC VIOLET 10 20 B4 780 50.5 727 6 1 65.3 73.0 775 70.4 338.0 68 5.4 20.8 83.1

2-AMINOANTHRAQUINONE | 3738 561 489 594 531 55.7 566 56.2 558 149 4 3.5 8.2 10.9 436
SOLVENT ORANGE 3 2558 515 48.0 470 56.4 37.3 65.6 56.2 520 203.3 9.1 175 28.6 1145
1-AMINOANTHRAQUINGNE | 257 889 728 87.4 794 7E.0 84.7 868 82.6 3213 5.9 7.2 18.6 746
SGLVENT YELLOW 14 26.32 54.2 265 545 440 22.4 45.6 454 44,7 158.0 10.7 24.0 337 1347
SOLVENT ORANGE 7, 28.8 B9.6 944 1601 61.8 126 96.3 811 766 265.8 310 405 97.3 3893
ACID YELLOW 3 M348 58.4 26 43.9 712 70.6 454 138.8 £8.1 203.5 33.2 48.7 104.2 216.9
SOLVENT YELLOW 3 30.2 1760 1357 159.3 150.0 136.7 1719 1738 157.6 521.9 17.2 1038 541 216.4
SOLVENT RED 1 45 39 66.5 103.2 79.2 739 9.8 954 771 736 158.5 269 36.6 84.5 3380
DISPERSE RED & 306 56.7 54.1 64.7 53.1 50.6 3.0 64.1 53.5 194.4 6.6 11.1 20.7 828
SOLVENT YELLOW 2 334 54.7 548 66.5 513 48.0 64.4 €39 591 150.0 7.8 127 23.6 945
SOLYENT GREEN 3 314 18.0 5.7 4.7 3.2 0.0 19.2 255 228 725 14.4 631 45.1 180.5

[ SOLVENTRED?4 | 568 70.2 253 127 149 00 243 (X 151 2638 X 580 279 137
f ANTHRACENE I "a152 75.1 76.7 74.1 | 0.0 | 7.6 T 76.2 1 8s7 572 137.7 369 | 644 1157 463.0
r BENZANTHRONE 2407 394 869 1008 | 806 | 79.8 | 100.0 1 398 92.5 380.2 3.7 05 304 1217




UNITS WLMOO4HS |WLMOOSHS [WLMOO7HS |WLMODBHS [WLMOOSHS | WLMD10HS | WLMD11HS
Method Detection Limit

T (STUDENT'S T @ 99% FOR 6 DF} 3.360
MOL AB45 UG/L or UG/KG 357
MDL AY23 UG/L or UG/KG 49.4
MDL AY73 UG/L or UG/KG 78.7
MDL AD10 UG/L or UGKG 24.8
MDL AB1 UG/ or UG/KG 238
MDL BY2 UG/ or UG/KG 707.8
MDL DV1 UG/L or UGIKG 29.2
MDL SY33 UG/L or UG/KG 16.1
MDL DB14 UG/L or UG/KG 521
MDL AR64 UG/L or UGKG 127.0
MDL AB9 UGA or UGIKG 35.4
MDL BV10 UG/L or UG/KG 16.3
MDL 2AG UG/ or UGKG 0.0
MDL 503 UG/A or UG/KG 53.3
MDL 1AQ UG/ or UG/KG 27.0
MDL SY14 UG/L or UG/KG 415
i MDL 507 UG/ or UG/KG 37.3
MDL AY3 UG/L or UG/KG 54.4
MDL SY3 UG/L or UG/KG 34,7
MDL SR1 UG/L or UG/KG 96.6
MDL DRS UG/L or UG/KG 30.6
MDL SY2 UG/L or UG/KG 47.3
MOL SG3 UG/ or UG/KG 68.1
MDL SR24 UG/L or UG/KG 16.9
i MDL AN UG/ or UG/KG 130.3
MDL BZ UG/L or UG/KG 23.6




WLMO011.S| WLMO002LS | WLMOO3LS]WLM004LS[WLMOO5LS | WLMOOBLS[WLMO008LS

Stock Standard Concentrations

ACID BLUE 45 STD 344.4 344.4 344.4 344.4 344.4 3444 344.4
ACID YELLOW 23 STD 281.2 281.2 281.2 281.2 281.2 281.2 281.2
ACID YELLOW 73 STD 351.0 351.0 351.0 351.0 351.0 351.0 351.0
ACID ORANGE 10 STD 3074 3074 307.4 307.4 307.4 307.4 307.4

ACID BLUE 1 8TD 369.2 369.2 369.2 369.2 369.2 368.2 369.2
BASIC YELLOW 2 STD 264.2 264.2 264.2 264.2 264.2 264.2 264.2

DISPERSE VIOLET 1 §TD 260.2 260.2 260.2 260.2 260.2 260.2 260.2
SOLVENT YELLOW 33 STD 279.6 279.6 2796 2796 279.6 279.6 279.6
DISPERSE BLUE 14 STD 299.0 299.0 299.0 289.0 289.0 299.0 299.0

ACID RED 64 STD 361.8 361.8 361.8 361.8 361.8 361.8 361.8

ACID BLUE 9 STD 328.0 328.0 328.0 328.0 328.0 328.0 328.0
BASIC VIOLET 10 STD 208.4 208.4 208.4 208.4 208.4 208.4 208.4

2-AMINOANTHRAQUINCONE STD 373.8 3738 3738 373.8 373.8 373.8 373.8
SOLVENT ORANGE 3 STD 255.8 255.8 255.8 255.8 255.8 255.8 255.8
1-AMINOANTHRAQUINONE STD 257.0 257.0 257.0 257.0 257.0 257.0 257.0
SOLVENT YELLOW 14 STD 283.2 283.2 283.2 283.2 283.2 283.2 283.2
SOLVENT ORANGE 7 STD 288.0 288.0 288.0 288.0 288.0 288.0 288.0
ACID YELLOW 3 STD 334.8 334.8 334.8 334.8 334.8 334.8 334.8
SOLVENT YELLOW 3 STD 302.0 302.0 302.0 302.0 302.0 302.0 302.0
SOLVENT RED 1 STD 463.8 463.8 463.8 463.8 463.8 463.8 463.8
DISPERSE RED 9 STD 306.0 306.0 306.0 306.0 306.0 306.0 306.0
SOLVENT YELLOW 2 STD 394.0 394.0 394.0 394.0 394.0 394.0 394.0
SOLVENT GREEN 3 STD 314.0 314.0 314.0 3140 314.0 314.0 3140
SOLVENT RED 24 STD 56.8 56.8 56.8 56.8 56.8 56.8 56.8
ANTHRACENE 4154 415.4 4154 415.4 415.4 415.4 4154
BENZANTHRONE 243.2 243.2 243.2 243.2 243.2 243.2 243.2




WLMO01LS| WLM002LS| WLMO03LS]WLMOO04LS[WLMO05LS | WLMO06LS| WLMOOBLS

Weight of Stock Standard Spiked

SPIKE VOLUME EACH DYE 100.0 100.0 100.0 100.0 100.0 100.0 100.0
AB45 SPIKE WEIGHT 34.4 34.4 34.4 34.4 34.4 34.4 34.4
AY23 SPIKE WEIGHT 28.1 28.1 28.1 28.1 281 28,1 28.1
AY73 SPIKE WEIGHT 35.1 35.1 35.1 35.1 35.1 35.1 35.1
AO10 SPIKE WEIGHT 30.7 30.7 30.7 30.7 30.7 30.7 30.7

AB1 SPIKE WEIGHT 36.9 36.9 36.9 36.9 36.9 36.9 36.9
BY2 SPIKE WEIGHT 26.4 26.4 26.4 26.4 26.4 26.4 264
DV1 SPIKE WEIGHT 26.0 26.0 26.0 26.0 26.0 26.0 26.0
SY33 SPIKE WEIGHT 28.0 28.0 28.0 28.0 28.0 28.0 28.0
DB14 SPIKE WEIGHT 29.9 29.9 29.9 299 29.9 29.9 29.9
AR64 SPIKE WEIGHT 36.2 36.2 36.2 36.2 36.2 36.2 36.2
ABY SPIKE WEIGHT 32.8 32.8 32.8 32.8 32.8 32.8 328
BV10 SPIKE WEIGHT 20.8 20.8 20.8 20.8 20.8 20.8 20.8
2AQ SPIKE WEIGHT 37.4 37.4 37.4 37.4 37.4 374 37.4
503 SPIKE WEIGHT 25.6 25.6 256 256 25.6 256 256
1AQ SPIKE WEIGHT 25.7 257 25.7 257 257 257 25.7
SY14 SPIKE WEIGHT 28.3 28.3 283 283 283 28.3 283
S07 SPIKE WEIGHT 288 28.8 28.8 28.8 28.8 28.8 28.8
AY3 SPIKE WEIGHT 335 335 335 33.5 335 33.5 335
SY3 SPIKE WEIGHT 302 30.2 30.2 30.2 30.2 30.2 30.2
SR1 SPIKE WEIGHT 46.4 46.4 46.4 46.4 46.4 46.4 46.4
DR9 SPIKE WEIGHT 30.6 30,6 30.6 30.6 30.6 30.6 30.6
SY2 SPIKE WEIGHT 39.4 39.4 39.4 394 39.4 39.4 394
SG3 SPIKE WEIGHT 314 31.4 314 31.4 31.4 31.4 31.4
SR24 SPIKE WEIGHT 57 57 57 57 57 57 5.7
AN SPIKE WEIGHT 415 415 415 415 415 15 415
BZ SPIKE WEIGHT 243 243 243 24.3 243 24.3 243




WLMO01LS| WLMO02LS| WLMOO03LS[WLMO04LS | WLMOO05LS | WLMOOBLS | WLMODBLS

Weight Standard per Volume Sample
MATRIX VOLUME (WATER) 1.000 1.000 1.000 1.000 1.000 1.000 1.000
SPIKE CONC AB45 34.4 34.4 34.4 34.4 34.4 34.4 34.4
SPIKE CONC AY23 28.1 28.1 28.1 28.1 28.1 28.1 28.1
SPIKE CONC AY73 35.1 351 35.1 35.1 35.1 35.1 35.1
SPIKE CONC AQO10 30.7 30.7 30.7 30.7 30.7 307 30.7
SPIKE CONC AB1 36.9 36.9 36.9 36.9 36.9 36.9 36.9
SPIKE CONC BY2 26.4 26.4 26.4 26.4 26.4 26.4 26.4
SPIKE CONC DV1 26.0 26.0 26.0 26.0 26.0 26.0 26.0
SPIKE CONC SY33 28.0 28.0 28.0 28.0 28.0 28.0 28.0
SPIKE CONC DB14 29.9 29.9 29.9 25.9 29.9 29.9 29.9
SPIKE CONC AR64 36.2 36.2 36.2 36.2 36.2 36.2 36.2
SPIKE CONC AB9 32.8 32.8 32.8 32.8 32.8 328 32.8
SPIKE CONC BV10 20.8 20.8 20.8 20.8 20.8 20.8 20.8
SPIKE CONC 2AQ 37.4 37.4 374 37.4 37.4 374 37.4
SPIKE CONC 803 25.6 25.6 25.8 25.6 25.6 25.6 25.6
SPIKE CONC 1AQ 25.7 257 25.7 25.7 25.7 25.7 257
SPIKE CONC SY14 28.3 28.3 283 28.3 28.3 28.3 28.3
SPIKE CONC 507 I 28.8 28.8 28.8 28.8 28.8 28.8 28.8
SPIKE CONC AY3 33.5 335 335 335 33.5 335 335
SPIKE CONC SY3 30.2 30.2 30.2 30.2 30.2 30.2 30.2
SPIKE CONC SR1 46.4 46.4 46.4 46.4 46.4 46.4 46.4
SPIKE CONC DR9 30.8 30.6 30.6 30.6 30.6 306 30.6
SPIKE CONC SY2 39.4 39.4 39.4 39.4 39.4 39.4 39.4
SPIKE CONC SG3 314 31.4 31.4 3.4 31.4 314 31.4
SPIKE CONC SR24 5.7 57 5.7 5.7 5.7 5.7 5.7
SPIKE CONC AN 4.5 41.5 415 41.5 41.5 415 41.5
SPIKE CONC BZ 24.3 24.3 243 243 24.3 243 24.3




WLMOO01LS | WLMO002LS | WLMOO3LS| WLMO04LS | WLMOO5LS| WLMOOGBLS]WLMOO0SLS

SPIKE CONC AB45 NA NA NA NA NA NA NA
SPIKE CONC AY23 NA NA NA NA NA NA NA
SPIKE CONC AY73 NA NA NA NA NA NA NA
SPIKE CONC AQ10 NA NA NA NA NA NA NA
SPIKE CONC ABI1 NA NA NA NA NA NA NA
SPIKE CONC BY2 NA NA NA NA NA NA NA
SPIKE CONC DV1 NA NA NA NA NA NA NA
SPIKE CONC §Y33 NA NA NA NA NA NA NA
SPIKE CONC DB14 NA NA NA NA NA NA NA
SPIKE CONC AR64 NA NA NA NA NA NA NA
SPIKE CONC AB9 NA NA NA NA NA NA NA
SPIKE CONC BV10 NA NA NA NA NA NA NA
SPIKE CONC 2AQ NA NA NA NA NA NA NA
SPIKE CONC S03 NA NA NA NA NA NA NA
SPIKE CONC 1AQ NA NA NA NA NA NA NA
SPIKE CONC SY14 NA NA NA NA NA NA NA
SPIKE CONC SO7 NA NA NA NA NA NA “NA
SPIKE CONC AY3 NA NA NA NA NA NA NA
SPIKE CONC S§Y3 NA NA NA NA NA NA NA
SPIKE CONC SR1 NA NA NA NA NA NA NA
SPIKE CONC DRS NA NA NA NA NA NA NA
SPIKE CONC SY2 NA NA NA NA NA NA NA
SPIKE CONC SG3 NA NA NA NA NA NA NA
SPIKE CONC SR24 NA NA NA NA NA NA NA

SPIKE CONC AN NA NA NA NA NA NA NA

SPIKE CONC BZ NA NA NA NA NA NA NA




WLMO001LS| WLMO002LS| WLLMOO3L S| WLMO04LS | WLMOO5LS [ WILMO05LS | WLMOOBLS

Results from HPLC

HPLC RESULT AB45 9.767 13.392 6.519 12.203 4.106 14.374 1.055
HPLC RESULT AY23 20.782 16.764 19.989 5.888 7.817 13.921 18.416
HPLC RESULT AY73 17.867 15.744 18.557 18.086 16.229 16.982 16.481
HPLC RESULT AQ10 32.799 25.964 31.547 31.407 27.181 30.019 31.020
HPLC RESULT AB1 27.967 17.629 21.854 25.854 23.090 25.373 26.711
HPLC RESULT BY2 28.240 24.971 24.970 .68.373 26.864 21.984 81.272
HPLC RESULT DV1 26.161 21.775 25.244 25.461 24.059 26.581 20.649
HPLC RESULT SY33 12.641 11.035 12.315 9.514 9.772 12.166 12.368
HPLC RESULT DB14 15.309 12.017 15.283 13.330 11.262 22.351 18.282
HPLC RESULT ARG4 9.646 8.673 9.701 8.755 10.398 7.078 9.720
HPLC RESULT ABS 22.978 18.653 22.322 21871 18.950 21.485 22675
HPLC RESULT BY10 15.594 12.100 14.542 13.211 13.060 14.602 15.502
HPLC RESULT 2AQ 11.023 9.777 11.870 11.812 11.136 11.323 11.237
HPLC RESULT 5§03 10309 9.608 9.406 11.270 7.457 13.114 11.641
HPLC RESULT 1AQ 17.775 14.567 17.473 15.886 15.602 16.944 17.355
HPLC RESULT SY14 10.845 9.378 10.914 8.793 4.489 9.128 9.087
HPLC RESULT SO7 17.926 18.886 20.011 12.359 2.516 19.260 16.214
HPLC RESULT AY3 11.684 8.529 9.975 14.247 14.111 9.071 27.769
HPLC RESULT SY3 35.194 27.141 31.866 30.001 27.348 34.370 34.769
HPLC RESULT SR1 13.301 20.647 15.846 14.771 3.952 19.080 15.415
HPLC RESULT DR9 13.340 10.829 12.934 10.627 10.114 12.594 12.826
HPLC RESULT SY2 12.948 10.967 13.296 10.265 9.597 12.888 12.773
HPLC RESULT 5G3 3.604 3.149 8.333 7.847 0.000 3.840 5.102
HPLC RESULT SR24 4.042 5.046 2.539 2,974 0.000 4.868 1.986
HPLC RESULT AN 15.225 15.34 14.814 0.000 1.555 15.24 17.934
HPLC RESULT BZ | 19.887 17.389 20.162 16.11 15.951 20.004 19.958




WLMOOTLS]WLMO02L.S[WLMOO3LS| WLMO0ALS] WLMOO5LS| WLMOOBLS | WLMO0BLS

Final Sample Results

CF (STD INJ VOL VS SAM INJ VOL} 2 2 2 2 2 2 2

FINAL VOLUME 10.00 10.00 10.00 10.00 10.00 10.00 10.00
CORRECTED RESULT AB45 48.84 66.96 32.60 61.02 20.53 71.87 5.28
CORRECTED RESULT AY23 103.91 83.82 99.95 29.44 39.08 69.61 92.08
CORRECTED RESULT AY73 89.24 78.72 92.79 95.43 81.15 84.91 82.41
CORRECTED RESULT AQ10 164.00 129.82 157.74 157.04 135.91 150.10 155.10
CORRECTED RESULT AB1 139.84 88.15 108.27 129.27 115.45 126.87 133.56
CORRECTED RESULT BY2 141.20 124.86 124.85 341.87 134.32 109.92 406.36
CORRECTED RESULT DV 130.81 108.88 126.22 127.31 120.30 132.91 103.25
CORRECTED RESULT SY33 63.21 55.18 61.58 47.57 48.86 60.83 61.84
CORRECTED RESULT DB14 76.55 60.09 76.42 66.65 56.26 111.76 91.41
CORRECTED RESULT ARG4 48.23 43.37 48.51 43.78 51.99 35.39 48.60
CORRECTED RESULT AB9 114.89 93.27 111.61 107.86 94.75 107.43 113.38
CORRECTED RESULT BV10Q 77.97 60.50 72.71 66.06 65.30 73.01 77.5%
CORRECTED RESULT 2AQ 556.12 48.89 58.35 59.06 55.68 56.62 56.19
CORRECTED RESULT SO3 51.55 48.04 47.03 56.35 37.29 65.57 58.21
CORRECTED RESULT 1AQ 88.88 72.79 87.37 79.43 78.01 84.72 86.78
CORRECTED RESULT SY14 54.23 46.89 54.57 43.97 22.45 45.64 45.44
CORRECTED RESULT 507 89.63 94.43 100.06 61.80 12.58 96.30 §1.07
CORRECTED RESULT AY3 58.42 42.65 49.88 71.24 70.56 45.36 138.85
CORRECTED RESULT SY3 175.97 135.71 159.28 150.01 136.74 171.85 173.85
CORRECTED RESULT SR1 66.51 103.24 79.23 73.86 19.76 895.40 77.08
CORRECTED RESULT DR9 66.70 54.15 64.67 53.14 50.57 62.97 64.13
CORRECTED RESULT SY2 64.74 54.84 66.48 51.33 47.99 64.45 63.87
CORRECTED RESULT SG3 18.02 15.75 41.67 39.24 0.00 19.20 25.51
CORRECTED RESULT SR24 20.21 25.23 12,70 14.87 0.00 24.34 9.93
CORRECTED RESULT AN 76.13 76.70 74.07 0.00 7.78 76.20 89.67
CORRECTED RESULT BZ 99.44 86.95 100.81 80.55 79.76 100.02 99.79




WLMO001LS{ WLMO0O02LS | WLMOO3LS [ WLM004LSTWLMOOSLS]WLMOO6LS] WLMOOBLS

Percent Recoveries

% RECOVERY AB45 141,80 194.43 94.64 177.16 §9.61 208.68 15.32
% RECOVERY AY23 369.5 208.1 355.4 104.7 139.0 247.5 327.5
% RECOVERY AY73 254.5 2243 264.3 271.9 231.2 241.8 234.8
% RECOVERY AO10 533.5 422.3 513.1 5108 442.1 488.3 504.6
% RECOVERY AB1 378.8 238.7 286.0 350.1 3127 343.6 361.7
% RECOVERY BY2 5344 472.6 4726 1294.0 508.4 416.0 1538.1
% RECOVERY DV1 502.7 418.4 485.1 489.3 462.3 5108 396.8
% RECOVERY SY33 2261 197.3 220.2 1701 174.7 2176 221.2
% RECOVERY DB14 256.0 201.0 255.6 2229 188.2 373.8 305.7
% RECOVERY AR64 133.3 1189 134.1 121.0 143.7 97.8 134.3
% RECOVERY ABg 350.3 2843 3403 3288 288.9 327.5 345.7
% RECOVERY BV10 3741 290.3 348.9 317.0 313.3 350.3 371.9
% RECOVERY 2AQ 147.4 130.8 158.8 158.0 149.0 151.5 150.3
% RECOVERY SO3 201.5 187.8 183.9 220.3 145.8 256.3 227.5
% RECOVERY 1AQ 345.8 283.2 339.9 309.1 303.5 329.6 337.6
% RECOVERY 5Y14 191.5 166.6 192.7 155.2 79.3 161.2 160.4
% RECOVERY SO7 311.2 327.9 347.4 214.6 43.7 334.4 281.5
% RECOVERY AY3 174.5 127.4 149.0 212.8 210.7 135.5 414.7
% RECOVERY SY3 5827 449.4 5274 496.7 452.8 569.0 575.6
% RECOVERY SR1 143.4 2226 170.8 159.2 42.6 205.7 166.2
% RECOVERY DR9 218.0 176.9 211.3 173.6 165.3 205.8 209.6
% RECOVERY Sy2 164.3 139.2 168.7 130.3 121.8 163.6 162.1
% RECOVERY SG3 57.4 50.1 132.7 125.0 0.0 61.1 81.2
% RECOVERY SR24 355.8 444.2 2235 261.8 0.0 428.5 174.8

% RECOVERY AN 183.3 184.6 178.3 0.0 18.7 183.4 2159

% RECOVERY BZ 408.9 357.5 414.5 331.2 327.9 411.3 410.3




WLMOOQ1LS [ WLMOO2LS | WLMOQ3LS | WLMO04LS | WLMO05LS | WLMOOSLS[WLMO0ALS

Square of Corrected Results

N 7 7 7 7 7 7 7

Xin2 AB45 2384.9 4483.6 1062.4 3722.8 421.5 5165.3 27.8
Xin2 AY23 10797.3 7025.8 9989.0 866.7 1527.6 4844.9 8478.7
Xin2 AY73 7980.7 6196.8 8609.1 9106.9 6584.5 7208.7 6790.6
Xin2 AO10 26894.4 16853.2 24880.3 24660.0 18470.2 22528.5 24056.0
Xin2 AB1 19553.8 7769.5 11939.9 16710.7 13328.7 16084.7 17836.9
X2 BY2 19937.4 15588.8 15587.5] 1168717 18041.9 12082.4| 1651284
Xirz DV1 17109.9 11853.8 15831.5 16206.6 14470.9 17663.7 10659.5
Xin2 §Y33 3984.9 3044.3 37915 2262.9 2387.3 37003 3824.2
Xir2 DB14 5859.1 3610.2 5839.3 4442.2 3165.2 12489.2 8365.8
Xi"2 ARG4 2326.1 1880.5 2352.7 1916.3 2703.0 1252.5 2362.0
Xin2 AB9 13189.7 8688 4 12456.8 11632.7 B977.6 11540.1 12853.9
Xin2 BV10 6079.3 3660.3 5286.7 4363.3 4264 .1 5330.5 6007.8
Xin2 2AQ 3037.7 2389.7 3522.4 34881 3100.3 3205.3 3156.8
X2 503 2656.9 2307.8 2211.8 31753 1390.2 4299.4 3387.8
X2 1AQ 7898.8 52977 7632.6 63091 6085.6 71775 7528.9
Xin2 8Y14 2840.4 2198.7 2977.9 1932.9 503.8 2083.0 2064.3
Xin2 807 8033.5 8917.0 10011.0 38186 158.3 9273.7 6572.3
X2 AY3 3412.9 1818.6 24875 5074.4 4978.0 20571 19277.9
Xin2 SY3 30965.4 18415.8 25370.1 22501.5 18697.8 20532.4 302221
Xir2 SA1 4422.9 10657.5 6277.4 5454.6 390.5 9101.2 5840.6
Xin2 DRg 4448.9 2931.7 4182.2 2823.3 2557.3 3966.2 4112.7
Xin2 8y2 4191.3 3006.9 4418.6 2634.3 2302.6 416832 4078.7
Xir2 5G3 3247 247.9 1736.0 1538.4 0.0 368.6 650.8
Xi*2 SR24 408.4 636.6 161.2 2211 0.0 5824 98.6
Xin2 AN 5795.0 5882.9 5486.4 0.0 60.5 5806.4 8040.7
Xir2 BZ 9887.3 7559.4 10162.7 65488.3 6360.9 10004.0 9958.0




WLMOO1LS | WLMO02LS | WLMOQ3LS | WLM004LS| WLMOOS5LS | WLMOOSLS | WLMQOSBLS
Sum of the Square of Corrected Results

E Xin2 AB45 17268.4
E Xin2 AY23 43530.0
E Xi"2 AY73 52478.3
E Xi"2 AD10 158342.6
E Xin2 AB1 103234.4
E Xin2 BY2 3632381
E Xin2 DV 103895.9
E Xi*2 SY33 23005.3
E Xi"2 DB14 43761.0
E Xi"2 AR64 14793.0
E Xin2 AB9 79359.1
E Xi*2 BV10 34991.9
E Xin2 2AQ 21900.2
E Xin2 803 19429.3
E Xi*2 1AQ 47931.1
E Xin2 SY14 14701.0
E Xi"2 SO7 46784.5
E Xir2 AY3 381065
E Xin2 SY3 176705.2
E Xi"2 SRi 42244.5
E Xi*2 DR9 25021.3
E Xin2 8Y2 24786.4
E Xi"2 §G3 4867.4
E X2 SR24 21183
E Xin2 AN 310719
E X2 BZ 60420.6




WLMOO01LS] WLM002L S| WLMOG3LS| WLMOO04LS | WLMO05LS | WLMOO06LS| WLMOOBLS

Sum of the Corrected Results Squared

(E Xiy'2 AB45 94298.1
(E Xiy’2 AY23 268204.9
(E Xiy'2 AY73 365698.4
(€ Xiy'2 AO10 1101838.6
(EXiy2 AB1 709620.9
(EXiy'2 BY2 1913712.6
(E Xiy*2 DV 721905.1
{E Xiy*2 5Y33 159244.9
(E Xiy'2 DB14 290650.4
(E Xiy*2 AR64 102307.2
(E Xiy'2 AB9 552301.6
(EXiy*2 BV0 243103.2
(EXiP2 2AQ 152795.0
(EXiy'2 SO3 132514.2
(EXiy'2 1AQ 334037.8
(EXiy'2 SYi4 98075.4
(EXiy2 507 287145.9
(EXiy*2 AY3 227462.2
(E Xi)*2 SY3 12174805
(E Xiy2 SR1 265286.8
(E Xiy'2 DR 1733223
(EXiy2 §Y2 171127.0
(E Xiy2 5G3 25400.4
(E Xiy'2 SR24 11507.9
(E X2 AN 1604323
(EXiy*2 BZ 419003.8




WLMOO1LS]WLMO02LS | WLMOQ3LS[WLMOQ4LS | WLMGO5LS | WLMOOELS | WLMODSLS
Variance
SA2: VARIANCE AB45 632.9
5A2: VARIANCE AY23 869.2
SA2: VARIANCE AY73 39.3
$72: VARIANCE AO10 156.2
S72; VARIANCE AB1 310.0
5°2: VARIANCE BY2 14975.1
S72: VARIANCE DV1 127.8
SA2: VARIANCE 8Y33 42.7
SA2: VARIANCE DB14 3732
S/2: VARIANCE AR64 296
S72: VARIANCE ABY 76.5
S~2: VARIANCE BV10 438
§A2: VARIANCE 2AQ 12.1
S§42: VARIANCE S0O3 83.1
SA2: VARIANCE 1AQ 352
$A2: VARIANCE SY14 115.0
S72: VARIANCE SO7 960.6
SA2: VARIANCE AY3 1102.0
SA2: VARIANCE SY3 296.6
572: VARIANCE SR1 724.4
S$*2: VARIANCE DR9 43.5
$42: VARIANCE SY?2 56.5
572: VARIANCE SG3 206.5
82 VARIANCE SR24 79.1
SA2: VARIANCE AN 1358.8
S$~2: VARIANCE BZ 93.8




WLMOGTLS] WLMO02L S| WLMO03LS | WLMOOALS | WLMOO5LS | WLMOO06LS| WLMO0BLS

Standard Deviation

STD DEVIATION AB45 25.2
STD DEVIATION AY23 29.5
STD DEVIATION AY73 6.3
STD DEVIATION AQ10Q 125
STD DEVIATION AB1 17.6
STD DEVIATION BY2 122.4
STD DEVIATION DV1 11.3
STD DEVIATION SY33 6.5
STD DEVIATION DB14 19.3
STD DEVIATION ARB4 54
STD DEVIATION ABS 8.7
STD DEVIATION BV10 6.6
STD DEVIATION 2AQ 35
STD DEVIATION SO3 91
STD DEVIATION 1AQ 5.9
STD DEVIATION 8Y14 10.7
STD DEVIATION 8O7 31.0
STD DEVIATION AY3 33.2
STD DEVIATION SY3 17.2
STD DEVIATION SR1 26.9
STD DEVIATION DRS 6.6
STD DEVIATION SY2 7.5
STD DEVIATION SG3 14.4
STD DEVIATION SR24 8.9

STO DEVIATION AN 36.5

STD DEVIATION BZ

9.7




WLMOO LSI WLM002LS| WLMOOSLS[WLM004LSJ WLMOOSLS] WLM006L8| WLMO008BLS
Method Detection Limit

T(STUDENT'ST @ 99% FOR 6 DF) 3.140
MDL AB45 79.0
MDL AY23 92.6
MDL AY73 19.7
MDL AQ10 39.2
MDL AB1 55.3
MODL BY2 384.3
MDL DV1 35.5
MDL SY33 20.5
MDL DB14 60.7
MDL AR64 17.1
MDL AB9 27.5
MDL BV10 20.8
MOL 2AQ 10.9
MDL SO3 28.6
MDL 1AQ 18.6
MDL SY14 33.7
MDL 807 97.3
MDL AY3 104.2
MDL SY3 54.1
MDL SR1 84.5
MDL DR9 20.7
MDL SY2 23.6
MDL SG3 451
MDL SR24 27.9
MDL AN 116.7
MDL BZ 30.4




Low-Level Aqueous Extraction Method, Short Gradient, High Spike

TABLE VIi-8

Mean | Method Bias Method
Sample Results {pg/L) Result | {Accurscy) 5“'_’“_"’ Precision
gl %A Daviation (%RSD;
Sample werage [mean
Compounds Conc WLMOO4HS WLMOOSHS | WLMOOTHS | WLMOOBHS | WLMOOSHS | WLMOIOHS | WLMOITHS | semois | resulvasmple | *19.0v. | (utddevimesn
" rasult conc) 100 sampis results rasulty* 100
ACID BLUE 45 172.2 o 18.0 10.6 99.6 137.3 403 639 61.9 360 49.3 79.6
ACID YELLOW 23 140.8 158.3 164.1 139.4 181.3 2448 181.5 228.4 190.0 135.2 39.8 209
ACID YELLOW 73 175.5 175.7 158.3 156.4 210.¢ 2254 1948 1991 190.6 1086 278 14.6
ACID ORANGE 10 183.7 3430 367.0 3508 387.1 357.1 3778 387.8 3779 2458 16.8 4.4
ACID BLUE 1 184.6 288.7 320.4 316.9 3314 3386 J242 33 3286 178.0 7.4 22
BASIC YELLOW 2 1321 3859 593.0 1104.4 566.5 496.0 388.1 401.0 591.5 4478 264.7 44.8
CISPERSE VIOLET 1 130.1 4 300.1 2988 323.5 3581 3190 320.2 320.0 245.3 21.5 6.7
SOLVENT YELLOW 33 1398 125.0 151 1 150.8 157 8 180.2 150.6 153.2 154.0 110.1 4.1 2.7
NSPERSE ALUE 14 149.5 471 229.2 193.4 188.5 242.5 2240 22 225.0 150.5 31.3 13.9
ACID RED 64 1808 7440 78.8 102.6 98.7 85.4 855 880 1.5 50.6 8.9 9.8
ACID BLUE 9 164 206.8 278.9 287.5 2823 273.6 266.7 259.5 272.4 166.1 9.1 3.3
BASIC VIOLET 10 104.2 151.2 189.1 1798 1863 190.5 179.1 186.1 185.2 177.7 4.7 2.6
2-AMINDANTHRAQUINONE 186.5 1395 124.7 142.2 158.0 167.4 134.6 136.1 144.7 774 18.5 10.7
SOLVENT QRANGE 3 127.9 198 1333 1335 143.3 1539 109.3 115.4 132.5 103 6 17.0 12.8
1-AMINCANTHRAGUINONE 128.5 181.4 227.7 2173 22319 214.1 195.9 2150 215.8 167.9 11.0 5.1
SOLVENT YELLOW 14 141.8 1165 147.2 142.8 140.4 151.5 120.3 1417 140 6 98.3 10.8 7.7
SOLVENT ORANGE 7 144 164.6 2202 2188 2643 262.1 192.6 2517 2350 1632 288 12.3
ACID YELLOW 3 167.4 1148 1369 162.1 142.9 153.5 141.4 1382 1458 a7.4 ] £8
SOLVENT YELLOW 3 151 3092 4415 4263 4383 434.2 388.0 417.4 4245 281.% 199 47
SOLVENT RED 3 231.5 1471 206.1 260.8 2560 2253 209.¢ 187.2 224.1 36.8 29.3 131
DISPERSE RED 9 153 127.5 162.5 158.6 1625 158.8 1417 1571 157.0 102 6 79 50
SOLVENT YELLOW 2 197 779 1731 171.7 168.7 178.6 142.2 166.4 1668 84.7 12.7 76
SCOLVENT GREEN 3 157 an.6 115.7 1112 180.9 105.7 124.9 170.5 132.2 84.2 27.0 20.4
SOLVENT RED 24 28.4 361 658 618 67.6 67.1 58.9 453 61.7 217.4 7.0 113
ANTHRACENE 207.7 154.8 2571 2415 2569 232.4 168.8 205.8 227.4 109.5 34.4 15.1
BENZANTHRONE 1218 158.0 261.7 2539 258.2 261.2 239.7 248.5 254 .0 208.8 8.7 a4

1 Samgple results not used tar catculalions due lo problems encountered during exiraction.



TABLE VI - 8A

PERCENT RECOVERIES
LOW-LEVEL AQUEOUS METHOD
HIGH SPIKE, SHORT GRADIENT

Compounds Ret. Time WLMOQ04HS (" WLMOO6HS WLMO07HS WLMOOSHS WLMOOSHS WLMO10HS WLMO11HS

% RECOVERY AB45 %  4.439 = 0. 10 e 58 80 23 38
% RECOVERY AR64 %  6.174 41 44 57 55 53 47 49
% RECOVERY AY3 %  7.322 69 82 97 85 92 84 83
% RECOVERY AY23 %  7.525 113 117 99 129 174 129 163
% RECOVERY AY73 %  9.159 100 89 120 111 113
% RECOVERY AQ10 %  9.946 = 223 cgoge s 252 246 . L. 262
% RECOVERY AB9 %  11.576 126 7270 183 ¢ 158
% RECOVERYOV1 % 1269 . 0O 2497 2 245 248
% RECOVERY AB1 % 12709 - 155 $80 A8 L o 1Te
% RECOVERY 2AQ %  13.246 75 85 75 73
% RECOVERY SO3 %  13.811 16 112 85 90
% RECOVERY SY33 %  15.498 89 113 108 110
% RECOVERY 1AQ %  16.108 141 174 182 . 168
% RECOVERY DB14 %  18.857 31 126 R T0)
% RECOVERY BY2 % 19452 = .282 _ . . ° : 804
% RECOVERY BV10 %  19.691 145 7R
% RECOVERY SY3 % 19.962 .. .205 .73 -2 292 2 J 276
% RECOVERY DR9 %  20.367 83 107 104 108 104 103
%RECOVERYBZ % 20438 = 163 .8 #8215 L2120 204
% RECOVERY SY2 %  22.244 40 86 91 84
% RECOVERY AN %  22.537 75 124 117 124 112 99
% RECOVERY SY14 %  24.403 82 104 101 99 107 100
% RECOVERY SRt %  24.66 63 81
% RECOVERY SO7 %  27.804 114 175
% RECOVERY SG3 %  31.194 51 76 109
% RECOVERY SR24 %  31.255 134 P oL omy = 238 207 s i 173

1 Sample not used due to problems duringme'xtractian



UNITS WLMO04HS |WLMOOEHS|WLMOO7HS |WLMO0BHS]WLMOO9HS]WLMO10HS[WLMOT1HS

Stock Standard Concentrations
ACID BLUE 45 §TD UG/ML 344.4 344.4 344.4 344.4 344.4 344.4 344.4
ACID YELLOW 23 STD UG/ML 281.2 281.2 281.2 281.2 281.2 281.2 281.2
ACID YELLOW 73 §TD UG/ML 351.0 351.0 351.0 351.0 351.0 351.0 351.0
ACID ORANGE 10 STD UG/ML 307.4 307.4 307.4 307.4 307.4 307.4 307.4
ACID BLUE 1 STD UG/ML 369.2 369.2 369.2 369.2 369.2 369.2 369.2
BASIC YELLOW 2 STD UG/ML 264.2 264.2 264.2 264.2 264.2 264.2 264.2
DISPERSE VIOLET 1 8TD UG/ML 260.2 260.2 260.2 260.2 260.2 260.2 2602
SOLVENT YELLOW 33 STD UG/ML 279.6 279.6 279.6 279.6 279.6 279.6 279.6
DISPERSE BLUE 14 STD UG/ML 299.0 299.0 299.0 299.0 299.0 299.0 299.0
ACID RED 64 STD UG/ML 361.8 361.8 361.8 361.8 361.8 361.8 361.8
ACID BLUE g STD UG/ML 328.0 328.0 328.0 328.0 328.0 328.0 328.0
BASIC VIOLET 10 STD UG/ML 208.4 208.4 208.4 208.4 208.4 208.4 208.4
2-AMINOANTHRAQUINONE STD UG/ML 373.8 373.8 373.8 373.8 373.8 373.8 3738
SOLVENT ORANGE 3 STD UG/ML 255.8 255.8 2558 255.8 255.8 2558 255.8
1-AMINOANTHRAQUINONE STD UG/ML 257.0 257.0 257.0 257.0 257.0 257.0 257.0
SOLVENT YELLOW 14 STD UG/ML 283.2 283.2 283.2 283.2 283.2 283.2 283.2
SOLVENT ORANGE 7 STD UG/ML 288.0 288.0 288.0 288.0 288.0 288.0 288.0
ACID YELLOW 3 STD UG/ML 334.8 334.8 3348 334.8 334.8 334.8 334.8
SOLVENT YELLOW 3 STD UG/ML 302.0 302.0 302.0 302.0 302.0 302.0 302.0
SOLVENT RED 1 STD UG/ML 463.8 463.8 463.8 463.8 463.8 463.8 463.8
DISPERSE RED 9 STD UG/ML 306.0 306.0 306.0 306.0 306.0 306.0 306.0
SOLVENT YELLOW 2 STD UG/ML 394.0 394.0 394.0 394.0 394.0 394.0 394.0
SOLVENT GREEN 3 STD UG/ML 314.0 314.0 314.0 314.0 314.0 314.0 314.0
SOLVENT RED 24 8TD UG/ML 56.8 56.8 56.8 56.8 56.8 56.8 56.8
ANTHRACENE UG/ML 415.4 415.4 415.4 4154 4154 4154 415.4
BENZANTHRONE UG/ML 2432 243.2 243.2 2432 2432 2432 2432




UNITS WLMOO4HS |WLMOOSHS[WLMOO7HS [WLMO008HS[WLMO09HS|WLMO10HS|WLMO11HS

Weight of Stock Standard Spiked
SPIKE VOLUME EACH DYE UL 500.0 500.0 500.0 500.0 500.0 500.0 500.0
AB45 SPIKE WEIGHT UG . 172.2 172.2 172.2 172.2 172.2 172.2 172.2
AY23 SPIKE WEIGHT UG 140.6 140.6 140.6 140.6 140.6 140.6 140.6
AY73 SPIKE WEIGHT UG 175.5 175.5 175.5 1755 1755 175.5 175.5
AO10 SPIKE WEIGHT UG 153.7 153.7 153.7 153.7 153.7 153.7 153.7
AB1 SPIKE WEIGHT UG 184.6 184.6 184.6 184.6 1846 184.6 184.6
BY2 SPIKE WEIGHT UG 1321 132.1 1321 132.1 1321 1321 1321
DV1 SPIKE WEIGHT UG 130.1 130.1 130.1 130.1 130.1 1301 130.1
SY33 SPIKE WEIGHT UG 139.8 139.8 139.8 139.8 139.8 139.8 139.8
DB14 SPIKE WEIGHT uG 149.5 149.5 149.5 149.5 149.5 149.5 149.5
ARBG4 SPIKE WEIGHT UG 180.9 180.9 180.9 180.9 180.9 180.9 180.9
AB9 SPIKE WEIGHT UG 164.0 164.0 164.0 164.0 164.0 164.0 164.0
BV10 SPIKE WEIGHT uG 104.2 104.2 104.2 104.2 104.2 104.2 104.2
2AQ SPIKE WEIGHT UG 186.9 186.9 186.9 186.9 186.9 186.9 166.9
S03 SPIKE WEIGHT UG 127.9 127.9 127.9 127.9 127.9 127.9 127.9
1AQ SPIKE WEIGHT UG 1285 128.5 128.5 128.5 128.5 1285 128.5
SY14 SPIKE WEIGHT UG 1416 141.6 1416 141.6 141.6 141.6 141.6
S0O7 SPIKE WEIGHT uG 144,0 144.0 144.0 144.0 144.0 144.0 144.0
AY3 SPIKE WEIGHT UG 167.4 167.4 167.4 167.4 167.4 167.4 167.4
SY3 SPIKE WEIGHT UG 151.0 151.0 151.0 151.0 151.0 151.0 151.0
SR1 SPIKE WEIGHT uG 231.9 231.9 231.9 231.9 2319 231.9 231.8
DR9 SPIKE WEIGHT UG 153.0 153.0 153.0 153.0 153.0 153.0 153.0
SY2 SPIKE WEIGHT uG 197.0 157.0 197.0 197.0 197.0 187.0 197.0
SG3 SPIKE WEIGHT UG 157.0 157.0 157.0 157.0 167.0 157.0 157.0
SR24 SPIKE WEIGHT UG 28.4 28.4 28.4 28.4 28.4 28.4 28.4
AN SPIKE WEIGHT UG 207.7 207.7 207.7 207.7 207.7 207.7 207.7
BZ SPIKE WEIGHT uG 121.6 121.6 121.6 1216 121.6 121.6 121.6




UNITS WLMOO4HS |WLMOOSHS[WLMO07HS [WLMOOSHS]WLMOOSHS]WLMO10HS[WLM011HS

Weight Standard per Volume Sample
MATRIX VOLUME (WATER) L 1.000 1.000 1.000 1.000 1.000 1.000 1,000
SPIKE CONC AB45 UG/L 172.2 1722 172.2 172.2 172,2 172.2 172.2
SPIKE CONC AY23 UGIL 140.6 140.6 140.6 140.6 140.6 1406 140.6
SPIKE CONC AY73 UG/L 175.5 175.5 175.5 175.5 175.5 175.5 175.5
SPIKE CONC AO10 uG/L 153.7 153.7 1537 153.7 153.7 153.7 153.7
SPIKE CONC AB1 UG/L 184.6 184.6 184.6 184.6 184.6 184.6 184.6
SPIKE CONC BY2 UGIL 132.1 1321 1321 132.1 1321 1321 1321
SPIKE CONC DV1 UG/L 130.1 130.1 130.1 130.1 1301 130.1 130.1
SPIKE CONC SY33 UG/L 139.8 139.8 139.8 139.8 139.8 139.8 139.8
SPIKE CONC DB14 UG/L 149.5 149.5 149.5 1485 1495 149.5 1495
SPIKE CONC AR64 UG/L 180.9 180.9 180.9 180.9 180.9 180.9 180.9
SPIKE CONC AB9 UG/L 164.0 164.0 164.0 164.0 164.0 164.0 164.0
SPIKE CONC BV10 UG/L 104.2 104.2 104.2 104.2 104.2 104.2 104.2
SPIKE CONC 2AQ UG/L 186.9 186.9 186.9 186.9 186.9 186.9 186.9
SPIKE CONC 503 UG/L 127.9 127.9 127.9 127.9 127.9 127.9 127.9
SPIKE CONC 1AQ UG/L 128.5 128.5 128.5 128.5 128.5 128.5 1285
SPIKE CONC SY14 UG/L 141.6 141.6 141.6 141.6 141.6 141.6 1416
SPIKE CONC S0O7 UG/L 144.0 144.0 144.0 144.0 144.0 144.0 144.0
SPIKE CONC AY3 UG/L 167.4 167.4 167.4 167.4 167.4 167.4 167.4
SPIKE CONC SY3 UG/L 151.0 151.0 151.0 151.0 151.0 151.0 151.0
SPIKE CONC SR1 UG/L 231.9 2319 231.9 231.8 231.9 231.9 231.9
SPIKE CONC DR9 UGIL 153.0 153.0 153.0 153.0 153.0 153.0 153.0
SPIKE CONC SY2 UG/L 197.0 197.0 197.0 197.0 197.0 197.0 187.0
SPIKE CONC 3G3 UGIL 157.0 157.0 157.0 157.0 157.0 157.0 157.0
SPIKE CONC SR24 UG/L 28.4 28.4 28.4 28.4 28.4 28.4 28.4
SPIKE CONC AN UG/L 207.7 207.7 207.7 207.7 207.7 207.7 207.7
SPIKE CONC BZ UG/L 121.6 121.6 121.6 121.6 121.6 121.6 121.6




UNITS ~ [WLMQO4HS |WLMOOSHS]WLMOO7HS |WLMCO0SHS]WLMOOSHS|WLMOI0HSIWLMO11HS

SPIKE CONC AB45 UG/KG NA NA NA NA NA NA NA
SPIKE CONC AY23 UG/KG NA NA NA NA NA NA NA
SPIKE CONC AY73 UG/KG NA NA NA NA NA NA NA
SPIKE CONC AO10 UG/KG NA NA NA NA NA NA NA
SPIKE CONC AB1 UG/KG NA NA NA NA NA NA NA
SPIKE CONC BY2 UG/KG NA NA NA NA NA NA NA
SPIKE CONC DV1 UG/KG NA NA NA NA NA “NA NA
SPIKE CONC SY33 UG/KG NA NA NA NA NA NA NA
SPIKE CONC DB14 UG/KG NA NA NA NA NA NA NA
SPIKE CONC AR64 UG/KG NA NA NA NA NA NA NA
SPIKE CONC AB9 UG/KG NA NA NA NA NA NA NA
SPIKE CONC BVi0 UG/KG NA NA NA NA NA NA NA
SPIKE CONC 2AQ UGKG NA NA NA NA NA NA NA
SPIKE CONC S03 UG/KG NA NA NA NA NA NA NA
SPIKE CONC 1AQ UG/KG NA NA NA NA NA NA NA
SPIKE CONC S§¥14 UG/KG NA NA NA NA NA NA NA
SPIKE CONC SO7 UG/KG NA NA NA NA NA NA NA
SPIKE CONC AY3 UG/KG NA NA NA NA NA NA NA
SPIKE CONC SY3 UG/KG NA NA NA NA NA NA NA
SPIKE CONC SR1 UG/KG NA NA NA NA NA NA NA
SPIKE CONC DR UG/KG NA NA NA NA NA NA NA
SPIKE CONC SY2 UG/KG NA NA NA NA NA NA NA
SPIKE CONC SG3 UG/KG NA NA NA NA NA NA NA
SPIKE CONC SR24 UG/KG NA NA NA NA NA NA NA
SPIKE CONC AN UG/KG NA NA NA NA NA “NA NA
SPIKE CONC BZ UG/KG NA NA NA NA NA NA NA




UNITS WLMQ04HS [WLMOOSHSlWLMOO?HS jWLMOOBHS|WLM009HS]WLM01OHSI WLMO11HS
Results from HPLC

HPLC RESULT AB45 UG/ML 0.000 3.595 2.114 19.915 27.454 8.052 13.181
HPLC RESULT AY23 UG/ML 31.665 32.827 27.877 36,250 48.910 36.303 45.884
HPLC RESULT AY73 UG/ML 35.147 31.661 3.2 41.998 45.004 38.919 39.819
HPLC RESULT AD10 UG/ML 68.604 73.404 70.166 77.417 79.422 75.521 77.568
HPLC RESULT AB1 UG/ML 57.336 65.881 63.379 66.276 67.719 64.848 66.264
HPLC RESULT BY2 UG/ML 77.183 118.608 220.873| 113.297 99.208 77.629 80.206
HPLC RESULT DV1 UG/ML 0.000 60.029 59.779 64.692 71.627 63.803 64.041
HPLC RESULT SY33 UG/ML 24.997 30.222 30.165 31.567 32.042 30.115 30.6417
HPLC RESULT DB14 UG/ML 9.415 45.831 38.675 37.699 48.491 44 802 54.448
HPLC RESULT AR64 UG/ML 14.805 15,762 20.512 19.744 19.080 17.095 17.592
HPLC RESULT ABS UG/ML 41.365 55.785 53.509 56.452 55.920 53.335 51.897
HPLC RESULT BV10 UG/ML 30.246 37.815 35.966 37.260 38.109 35.810 37.223
HPLC RESULT 2AQ UG/ML 27.901 24.949 28.448 31.607 33.484 27.927 27.228
HPLC RESULT SO3 UG/ML 3,965 27.855 26.695 28.668 30.782 21868 23.072
HPLC RESULT 1AQ UG/ML 36.276 45.533 43,458 44.779 42.815 39.183 43.202
HPLC RESULT SY14 UG/ML 23.298 20.436 28.556 28.075 30.304 24.060 28.339
HPLC RESULT SO7 UG/ML 32.920 44,035 43.769 52.868 52.429 38.523 50.337
HPLC RESULT AY3 UG/ML 22.967 27.378 32.413 28.572 30.692 28.289 27.633
HPLC RESULT SY3 UG/ML 61.840 88.300 85.268 87.858 86.830 77.600 83.484
HPLC RESULT SR1 UG/ML 29.425 41.212 52.168 51.204 45.057 41.792 37.432
HPLC RESULT DR9 UG/ML 25.506 32.705 31.717 32.496 31.762 28.341 31.418
HPLC RESULT SY2 UG/ML 15.589 34.627 34.336 33.737 35.725 28.446 33.279
HPLC RESULT SG3 UG/ML 16.111 23.946 22.241 32177 21.137 24.977 34.105
HPLC RESULT SR24 UG/ML 7.616 13.165 12.368 13.510 13.425 11.779 8.851
HPLC RESULT AN UG/ML 30.986 51.410 48.706 51.37 46.471 33.768 41.165
HPLC RESULT BZ UG/ML 39.590 52.332 50.776 51.641 52.375 47.931 49.69




UNITS WLMO04AHS [WLMOOEHS[WLMO007HS [WLMO008HS|WLMO09HS|WLMO10HS|WLMO11HS
Final Sample Results

CF (STD INJ VOL VS SAM INJ VOL) 2 2 2 2 2 2 2
FINAL VOLUME ML 10.00 10.00 10.00 10.00 10.00 10.00 10.00
CORRECTED RESULT AB45 | UG/ or UGKG 0.00 17.98 10.57 99.58 137.27 40.26 65.91
CORRECTED RESULT AY23  |UG/ or UG/KG 158.33 164.14 139.39 181.25 244.55 181.52 229 42
CORRECTED RESULT AY73 UG/L or UG/KG 175.74 158.31 156.36 209.99 295,02 194.60 199.10
CORRECTED RESULT AC10  |UG/L or UG/KG 343.02 367.02 350.83 387.09 357.11 377.61 387.84
CORRECTED RESULT AB1 UG/L or UG/KG 286.68 329.41 316.90 331.38 338.60 324.24 331.32
CORRAECTED RESULT BY2 UG/L or UG/KG 385.92 593.04 1104.37 566.49 496.04 388.15 401.03
CORRECTED RESULT DV1 UG/L or UG/KG 0.00 300.15 298.90 323.46 358.14 319.02 320.21
CORRECTED RESULT 8Y33  |UG/L or UG/KG 124.99 151.11 150.83 157.84 160.21 150.58 153,21
CORRECTED RESULT DB14 UG/ or UG/KG 47.08 22916 193.38 188.50 242.46 224.01 272.24
CORRECTED RESULT AR64 | UG/ or UG/KG 74.03 78.81 102.56 98.72 95.40 85.48 87.96
CORRECTED RESULT ABY UG/ or UG/KG 206.83 278.93 267.55 282.26 279.60 266.68 259.49
CORRECTED RESULT BV10  |UG/A or UG/KG 151.23 189.08 179.83 186,30 190.55 179.05 186.12
CORRECTED RESULT 2AQ UG/ of UGIKG 139.51 124.75 14224 158.04 167.42 139.64 136.14
CORRECTED RESULT SO3 UGA or UGKG 19.83 139.28 133.48 143.34 153.91 109.34 115.36
CORRECTED RESULT 1AQ UG/L or UG/KG 181.38 227.67 217.29 223.90 214.08 195.92 216.01
CORRECTED RESULT SY14 UG/L or UG/KG 116.49 147.18 142.78 140.38 151.52 120.30 141.70
CORRECTED RESULT SO7 UG/ or UG/KG 164.60 220.18 218.85 264,34 262.15 192.62 251.69
CORRECTED RESULT AY3 UG/ or UG/KG 114.84 136.89 162.07 142 .86 153.46 141.45 138.17
CORRECTED RESULT SY3 UG/L or UG/KG 309.20 441,50 426.34 439.29 434.15 388.00 417.42
CORRECTED RESULT SRi UG/ or UG/KG 147.13 206.06 260.84 256.02 22529 208.96 187.16
CORRECTED RESULT DR9 UG/L or UG/KG 127.53 163.53 158.59 162.48 158.81 141.71 157.09
CORRECTED RESULT §Y2 UG/L or UG/KG 77.95 173.14 171.68 168.69 178.63 142.23 166.40
CORRECTED RESULT SG3 UG/ or UG/KG 80.56 119.73 111.21 160.89 105.69 124,89 170.53
CORRECTED RESULT SR24 | UG/ or UG/KG 38.08 65.83 61.84 67.55 67.13 58.90 49.96
CORRECTED RESULT AN UG/ or UG/KG 154,93 257.05 243.53 256.85 232.36 168.84 205.83
CORRECTED RESULT BZ UG/L or UG/KG 197.95 261.66 253.88 258.21 261.88 230.66 248.45




UNITS WLMO04HS |WLMOOBHS[WLMO07HS JWLMOOBHS!WLMODQHS{WLMNOHSI WLMOTTHS
Percent Recoveries

% RECOVERY AB45 % 0.00 10.44 6.14 57.83 79.72 23,38 38.27
% RECOVERY AY23 % 112.6 1187 99.1 128.9 173.9 129.1 163.2]
% RECOVERY AY73 % 100.1 90.2 89.1 119.7 128.2 110.9 113.4
% RECOVERY AQ10 % 2232 238.8 228.3 251.8 258.4 245.7 2523
% RECOVERY AB1 % 155.3 178.4 171.7 179.5 183.4 175.6 1795
% RECOVERY BY2 % 2921 4489 836.0 428.8 3755 293.8 303.6
% RECOVERY DV1 % 0.0 230.7 2297 248.6 275.3 2452 246 1
% RECOVERY 8Y33 % 89.4 108.1 107.9 112.9 1146 107.7 109.6
% RECOVERY DB14 % 31.5 153.3 129.3 126.1 162.2 149.8 182.1
% RECOVERY AR64 % 40.9 436 56.7 54.6 52.7 47.2 48.6
% RECOVERY AB9 % 126.1 1701 163.1 172.1 170.5 162.6 158.2
% RECOVERY BV10 % 1451 181.5 172.6 178.8 182.9 171.8 178.6
% RECOVERY 2AQ % 74.6 66.7 76.1 84.6 89.6 74.7 72.8
% RECOVERY $03 % 15.5 108.9 104.4 112.1 120.3 855 90.2
% RECQVERY 1AQ % 141.2 1772 169.1 174.2 166.6 152.5 168.1
% RECOVERY SY14 % 82.3 103.9 100.8 99,1 107.0 85.0 100.1
% RECOVERY SO7 % 114.3 1529 152.0 183.6 182.0 133.8 174.8
% RECOVERY AY3 % 68.6 81.8 96.8 85.3 91.7 84.5 825
% RECOVERY SY3 % 204.8 2924 282.3 290.9 287.5 257.0 276.4
% RECOVERY SR1 % 83.4 88.9 112.5 110.4 97.1 90.1 80.7
% RECOVERY DR9 % 834 106.9 103.7 106.2 103.8 92,6 102.7
% RECOVERY SY2 % 396 87.9 87.1 85.6 90.7 72.2 84.5
% RECOVERY SG3 % 51.3 76.3 70.8 1025 67.3 79.5 108.6
% RECOVERY SR24 % 134.1 2318 217.7 237.9 236 .4 207.4 173.4]
% RECOVERY AN % 74.6 123.8 117.3 1237 1119 81.3 99.1
% RECOVERY BZ % 162.8 2152 208.8 212.3 215.4] 197.1 204.3




UNITS  [WLMOO4HS |WLMOOSHS|WLMOO7HS [WLMOOBHSIWILMOOIHS]WLMO10HS[WLMO11HS

Square of Corrected Results
N 6 6 6 6 6 6 3
Xir2 AB45 0.0 323.1 111.7 9915.2]  18843.1 1620.9 4343.5
Xir2 AY23 25066.8) 26940.3 19428.2]  32851.6] 59804.7| 32947.7] 526335
Xir2 AY73 30882.8]  25060.5 24446.9|  44095.8| 50634.0] 37867.2]  39638.8
X3 AD10 117662.7) 134703.7]  123081.7| 149834.8] 157696.4] 1425855 1504199
Xir2 AB1 82185.4] 108507.7| 100422.4| 109812.7] 1146466 105131.6] 1097728
X2 BYZ2 148930.4)| 351696.4] 1219622.1] 320905.3] 246055.7| 150656.5| 160825.1
Xir2 DV1 0.0[ 90087.0 89338.2| 104626.4| 128260.7| 1017706] 1025312
Xir2 SY33 15621.3] 228342 227482| 24911.9] 25667.2] 226728] 234718
Xi"2 DB14 22161 525120 37393.9| 35530.4| 58784.4| 501805] 741148
Xin2 AR64 5479.7 6211.0 10518.6 9745.6 9101.2 7306.0 7737.0
X2 ABS 42776.6] 77799.2 71580.3; 79670.7| 78176.2| 711156 673325
Xi*2 BV10 22870.5] 35749.4 32338.8)  34707.7| 36307.4] 320589] 346388
Xin2 2AQ 19461.6]  15561.3 20232.2)  249751| 280295 19497.9] 185341
Xi"2 SO3 393.0] 193975 17815.6) 20546.4) 23688.3] 119552 13307.9
Xi"2 1AQ 32898.7| 518314 47214.9]  50129.0) 45828.1] 38382.7| 466603
Xi"2 SY14 13569.9] 21662.0 20386.1) 197051 20958.3]  14472.1] 200775
Xi"2 SO7 27093.2]  48477.0 47893.1| 69875.6] 68720.0] 371005| 633453
Xir2 AY3 13187.1]  18738.9 26265.1)  20409.0| 23550.0] 20006.7] 19089.6
Xin2 SY3 95604.6| 194922.3| - 181765.8] 192975.7| 188486.2] 150544.0] 1742395
Xi"2 SR1 21645.8]  42460.7 68037.5| 65546.2| 50753.3] 43664.3| 350289
Xi~2 DR9 16263.9)  26740.4 25149.2)  26399.8] 252206 20080.3] 24677.3
Xin2 SY2 6075.4] 29975.7 20474.0|  28454.6|  31906.8| 20229.4] 37687.3
Xi"2 5G3 6489.1] 143353 12366.6| 25884.0] 11169.3|  15596.3] 290788
Xi"2 SR24 1450.1 43329 3824.2 4563.0 4505.8 3468.6 2426.1
X2 AN 24003.3]  66074.7 59306.8) 65971.9] 53988.8] 28508.9] 423639
X2 BZ 39184.2]  68466.0 64455.1| 66669.8] 68578.5/ 574345 617274




UNITS ~ [WLMOO4HS [WLMOOBHS[WLMOO7HS [WLMOOSHS[WLMOO9HS][WLMO10HS[WLMO11HS
Sum of the Square of Corrected Results

E Xir2 AB45 35157.4 ]
E Xin2 AY23 224606.0
E Xin2 AY73 2217432
E X2 AC10 8583219
E Xir2 AB1 648293.9
E Xir2 BY2 2449761.0
E Xir2 DVI 616614.1

E X2 SY33 142306.1 _|
E Xi*2 DB14 308515.8
E Xi*2 ARB4 50619.3
E Xi"2 ABS 445674.4
E Xin2 BV10 205801.0
E Xi*2 2AQ 126830.1
E Xi*2 SO3 106710.9

E xr2 1AQ 260046.4 n
E Xir2 SY14 119261.1
E Xir2 SO7 335411.7
E Xi"2 AY3 128059.1
E Xin2 SY3 1082933.4
E Xir2 SR1 305490.9
E Xi*2 DRY 148267.6
E Xn2 SY2 167727.9
E Xin2 SG3 108430.2
E Xi"2 SR24 231206
E Xi*2 AN 316213.2
E Xin2 BZ 387331.3




WLMOC4HS  |WLMOOBHS[WLMOO7HS | WLMOOSHS[WLMOOGHS[WLMO1 OHS[WLMO11HS

UNITS
Sum of the Corrected Results Squared

(E Xiy*2_AB45 138053.1
(E Xip2 AY23 1300181.5
(E Xiy2 AY73 1307272.1
(E Xiy*2 AO10 5141510.9
(E Xiy2 AB1 3888133.3
(E Xip2 BY2 12596146.3
{E Xiy2 DV1 3685843.2
(E Xiy*2 §Y33 853332.5
(E Xiy2 DB14 1821771.1
(E Xiy'2 AR64 3013187
(E Xiy»2 AB9 2671557.6
(E Xi}2 BV10 1234132.1
(E Xi}»2 2AQ 753797.3
(E Xiyx2 S0O3 631548.1
(E Xiy2 1AQ 1676636.5
(E Xip2 SY14 712082.8
(E Xiy»2 SO7 1987550.1
(E Xip2 AY3 765423.8
(E Xiy2 SY3 6485680.9
(E Xiy2 SRt 1807209.7
{E XiY*2 DR9 887731.4
(E Xip2 SY2 1001500.6
(E Xiy2 SG3 628714.2
(E Xiy2 SR24 137262.8
{E Xiy"2 AN 1861723.8
(E Xiy2 BZ 2321737.9




L UNITS WLMOC4HS  [WLMQOSHSWLMOO7HS [WLMOOBHS[WLMO0SHS[WLMO10HS[WLMO11HS
Variance
5/2: VARIANCE AB45 24297
| S/2. VARIANGE AY23 1581.8
SA2; VARIANCE AY73 772.9
SA2: VARIANCE AO10 280.7
$72: VARIANCE AB1 54.3
5~2: VARIANCE BY2 70080.7
572: VARIANCE DV1 461.4
SA2: VARIANCE 5Y33 16.8
$A2; VARIANCE DB14 977.5
S/2; VARIANCE AR64 79.9
S~2: VARIANCE AB9 83.0
$72: VARIANCE BY10 225
T 5M2: VARIANCE 2AQ 2394
- S72: VARIANCE 503 290.6
SA2. VARIANCE tAQ 1214
S~2; VARIANCE SY14 116.1
SA2: VARIANCE S07 830.7
S§A2: VARIANCE AY3 97.7
S72: VARIANCE SY3 397.3
SA2. VARIANCE SR1 857.9
S~2: VARIANGE DRY 62.5
S$2: VARIANCE SY2 162.2
SA2; VARIANCE SG3 728.9
SA2: VARIANCE SR24 48.7
SA2: VARIANGE AN 1185.2

$n2: VARIANCE BZ

75.0|




UNITS  [WLMO0O4HS [WLMOOSHS|WLMOQ7HS |WLMOOSHS]WLMOQ0SHS|WLMO10HS]WLMO11HS
Standard Deviation
STD DEVIATION AB45 49.3 -
STD DEVIATION AY23 30.8
: STD DEVIATION AY73 278
: STD DEVIATION AO10 16.8
| STD DEVIATION AB1 7.4
STD DEVIATION BY2 264.7
STD DEVIATION DV1 215
STD DEVIATION §Y33 4.1
STD DEVIATION DB14 313
] STD DEVIATION AR64 8.9
? STD DEVIATION ABS 9.1
STD DEVIATION BV10 4.7
STD DEVIATION 2AQ 15.5
STD DEVIATION SO3 17.0
STD DEVIATION 1AQ 11,0
STD DEVIATION SY14 10.8]
STD DEVIATION SO7 28.8
STD DEVIATION AY3 9.9
i_ STD DEVIATION §Y3 19.9
STD DEVIATION SR1 29.3
; STD DEVIATION DR9 7.9
! STD DEVIATION SY2 12.7
' } STD DEVIATION SG3 270
STD DEVIATION SR24 7.0
i STD DEVIATION AN 344
STD DEVIATION BZ 8.7
!



UNITS WLMOO4HS  [WLMOOSHS|WLMO07HS |WLMOOBHS|WLMOO9HSWLMO10HS|WLMO011HS
Method Detection Limit

T (STUDENT'S T @ 99% FOR § DF) 3.360
MDL AB45 UG/L or UG/KG 165.5
MDL AY23 UG/L or UG/KG 133.6
MDL AY73 UG/ or UG/KG 93.4
MDL AQ10 UG/ or UG/KG 56.3
MDL AB1 UG/L or UG/KG 248
MDL BY2 UG/L or UG/KG 889.5

MDL DV UGA or UGKG 72.2 m
MDL SY33 UG/L or UG/KG 13.8
MDL DB14 UG/L or UG/KG 105.0
MDL AR64 UG/L or UG/KKG 30.0
MDL AB9 UG/L or UG/KG 30.6
[ MDL BV10 UG/ or UG/KG 15.9
MDL 2AQ UG/L or UG/KG 52.0
MDL SO3 UGA or UGKG 57.3
MDL 1AQ UG/ or UG/KG 37.0
MDL SY14 UG/ or UG/KG 36.2
MOL SO7 UG/ or UG/KG 96.8
MDL AY3 UG/L or UG/KG 33.2
MDL SY3 UG/L or UG/KG 67.0
MDL SR1 UG/L or UG/KG 98.4
MDL DRS UG/ or UG/KG 26.6
MDL SY2 UG/L or UG/KG 42.8
MDL SG3 UG/ or UG/KG 90.7
MDL SR24 UG/ or UG/KG 23.4
MDL AN UG/L or UG/KG 115.7
MDL BZ UG/L or UG/KG 291




TABLE Vil-9

High-Level Aqueous Extraction Method, Long Gradient, Low Spike
Sample Mean | Method Bias Method
Conc Sampie Results {ug/l) Result (Accuracy) g;ar-!d:rd Pracision MD:: RGL gl
pg/t pglL %R viation | opspy | M9
WHMOQ1LS | WHMOO2LS | WHMO002LS | WHMOO4LS | WHMOOSLS | WHMOOBLS | WHMOOTLS
ACID BLUE 45 2755.2 2123.0 3136.5 2845.5 2960.5 1573.0 1899.5 1558.0 2299.4 83.5 671.4 20.2 2108.1 8432.3
ACID YELLOW 23 2249.6 3827.0 39445 3999.0 39480 3536.0 3424.5 31235 3686.1 163.9 331.8 9.0 1041.9 4187.6
ACID YELLOW 73 2808 43775 5082.5 5097.5 5158.5 0.0 745.0 5626.C 3726.7 132.7 2330.1 62.5 7316.6 | 29266.4
ACID ORANGE 10 2456.2 4395.5 44155 4460.0 4533.0 3571.5 3713.5 3247.0 4048.0 164.6 523.0 12.9 1642.3 6569.2
ACID BLUE 1 2953.6 SB78.5 5633.0 57%9.5 5478.0 4982.5 5780.0 7950 4904.6 166.1 1836.8 375 57678 | 230705
BASIC YELLOW 2 21138 4336 .0 2158.0 22325 1424.5 1128.5 4595.0 1334.5 2458.4 116.3 1433.7 58.3 4501.7 18006.9
DISPERSE VIOLET 1 2081.6 1430.0 0.0 0.0 0.0 0.0 1188.0 0.0 374.0 18.0 642.5 171.8 2017.6 B070.2
SOLVENT YELLOW 33 2236.8 3000 0.0 0.0 0.0 0.0 00 0.0 429 19 113.4 264.6 356.0 1424.2
DISPERSE BLUE 14 2392 647.5 0.0 0.0 0.0 0.0 598.0 0.0 177.9 7.4 304.2 171.0 955.2 3820.8
ACID RED 64 2894.4 5280.0 4983.5 5293.0 5014.5 46632.0 4097.5 4368.0 4814.2 166.3 456.5 9.5 1433.6 5734.2
ACIDBLUE ¢ 2624 4865.0 4769.5 5095.0 48B1.0 3883.5 4833.5 3807.0 45092.1 175.0 517.2 11.3 1624.0 | 64961
BASIC VIOLET 10 1667.2 2749.5 2206.0 2366.5 1955.0 1136.0 2661.0 1411.5 2069.4 124.1 610.5 29.5 19171 7668.5
2-AMINOANTHRAQUINGNE | 2590.4 0.0 0.0 00 0.0 0.0 2960.0 0.0 425.7 14.2 1126.3 264.6 3536.7 | 141468
SOLVENT ORANGE 3 2046.4 2456.5 181.5 292.0 0.0 527.0 31390 §42.5 1034.1 50.5 1239.0 119.8 3880.6 | 155623
1-AMINDANTHRAQUINONE 2056 1628.0 0.0 0.0 0.0 0.0 1384.5 0.0 430.4 20.9 738.3 171.6 2318.4 | 92734
SOLVENT YELLOW 14 2265.6 0.0 0.0 0.0 0.0 0.0 0.0 090 0.0 0.0 0.0 0.0 090 0.0
SOLVENT ORANGE 7 2304 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ACID YELLOW 3 2678 .4 4961.0 5104.0 E065.C 5026.5 2326.5 4236.5 23240 41481 154.9 1280.6 30.9 4021.2 16084.8
SOLVENT YELLOW 3 2416 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SOLVENT RED 1 3710.4 Q.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 {.0 0.0 0.0 0.0
DISPERSE RED 8 2448 0.0 0.0 0.0 0.0 0.0 0.0 c.0 0.0 0.0 0.0 0.0 0.0 0.0
SOLVENT YELLOW 2 3152 B13.5 0.0 00 6o 0.0 712.0 0.0 2178 69 373.3 1713 1172.3 46891
SOLVENT GREEN 3 2512 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 G.0 0.0 0.0 0.0
SOLVENT RED 24 454.4 0.0 0.0 0.0 [t34] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANTHRACENE 33232 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BENZANTHRONE 1945.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ..o 0.0 0.0 0.0




TABLE VIl - 9A

PERCENT RECOVERIES
HIGH-LEVEL AQUEOUS METHOD
LOW SPIKE, LONG GRADIENT

Compounds Ret. Time WHMOO1LS WHMO002LS WHMO03LS WHMO004LS WHMOO5LS WHMOO6LS WHMOO7LS
% RECOVERY AB45 %  6.439 77 114 107 57 57
% RECOVERY AY3 %  13.372 185 . 19%. 5 188 87 . K15 87
% RECOVERY AY23 %  14.513 170 1 I -t 139
% RECOVERY AR64 %  14.9 182 oA 4783 161 151
% RECOVERY AY73 %  17.353 . 156 184 i 0 27 200
% RECOVERY AC10 % 18752 179 ¢ o184 145 151 132
% RECOVERY AB9 %  21.657 185 - 4186 i

184 145
% RECOVERY DV1 %  22.77 0
% RECOVERY AB1 %  23.733
% RECOVERY 2AQ % . 23.758
% RECOVERY 503 %  24.783
% RECOVERY SY33 %  28.259
% RECOVERY 1AQ %  28.853
% RECOVERY DB14 %  34.023
% RECOVERY BY2 %  35.367
% RECOVERY SY3 %  35.998
% RECOVERY BV10 % 36.018
% RECOVERYDR9 %  36.142
% RECOVERYBZ % 36.724
% RECOVERY SY2 %  39.91
% RECOVERY AN %  40.641
% RECOVERY SY14 %  44.36
% RECOVERY SR1 %  44.811
% RECOVERY SO7 %  50.894
% RECOVERY SG3 %  57.448
% RECOVERY SR24 %  57.994




WHMDOTLS | WHMOO2LS | WHMOG3LS | WHMOO4LS | WHMOOSLS | WHMOOBLS | WHMOO7LS

Stock Standard Concentrations

ACID BLUE 45 STD 3444 344.4 3444 344.4 344.4 344.4 344.4
ACID YELLOW 23 8TD 281.2 281.2 281.2 281.2 281.2 281.2 28t.2
ACID YELLOW 73 STD 351.0 351.0 351.0 351.0 351.0 3210 351.0
ACID ORANGE 10 §TD 307.4 307.4 074 307.4 307.4 307.4 307.4

ACID BLUE 1 STD 369.2 369.2 369.2 369.2 369.2 359.2 369.2
BASIC YELLOW 2 STD 2642 264.2 264.2 264.2 264.2 264.2 264.2

DISPERSE VIOLET 1 STD 260.2 260.2 260.2 260.2 260.2 260.2 260.2
SOLVENT YELLOW 33 STD 279.6 279.6 279.6 279.6 279.6 2796 279.6
DISPERSE BLUE 14 STD 299.0 299.0 299.0 299.0 299.0 2989.0 299.0

ACID RED 64 STD 3618 361.8 361.8 361.8 3618 36E1 8 30618

ACID BLUE 9 STD 328.0 328.0 328.0 328.0 328.0 328.0 . 328.0
BASIC VIOLET 10 STD 208.4 208.4 208.4 208.4 208.4 208.4 208.4

2-AMINCANTHRAQUINONE STD 373.8 3738 3738 3738 3738 3738 3738
SOLVENT ORANGE 3 STD 235.8 255.8 255.8 255.8 255.8 255.8 255.8
1-AMINOANTHRAQUINONE STD 257.0 2570 257.0 257.0 257.0 257.0 257.0
SOLVENT YELLOW 14 STD 283.2 283.2 283.2 283.2 283.2 283.2 283.2
SOLVENT ORANGE 7 STD 288.0 288.0 288.0 288.0 288.0 288.0 288.0
ACID YELLOW 3 S§TD 3348 334.8 KRR 334.8 334.8 3348 334.8
SOLVENT YELLOW 3 8TD 2.0 3020 302.0 3020 302.0 302.0 3020
SOLVENT RED 1 STD 463.8 463.8 463.8 463.8 453.8 463.8 463.8
DISPERSE RED 8 STD 306.0 306.0 306.0 306.0 306.0 306.0 306.0
SOLVENT YELLOW 2 5TD 3940 3840 384.0 384.0 3940 3940 3940
SOLVENT GREEN 3 §TD 3140 314.0 314.0 314.0 314.0 314.0 314.0
SOLVENT RED 24 STD 56.8 56.8 56.8 56.8 56.8 56.8 56.8
ANTHRACENE 4154 4154 4154 4154 A154 4154 4154
BENZANTHRONE 243.2 243.2 243.2 243.2 243.2 243.2 243.2




WHMOO1LS | WHMOO02LS | WHMOO3LS | WHM004LS | WHMOODSLS | WHMO0O6LS | WHMOO7LS

Weight of Stock Standard Spiked

SPIKE VOLUME EACH DYE 200.0 200.0 200.0 2000 200.0 200.0 200.0
AB45 SPIKE WEIGHT 68.9 €8.9 68.9 68.9 68.9 68.9 68.9
AY23 SPIKE WEIGHT 56.2 56.2 56.2 56.2 56.2 56.2 56.2
AY73 SPIKE WEIGHT 70.2 70.2 702 70.2 70.2 70.2 70.2
AOC10 SPIKE WEIGHT 61.5 61.5 61.5 61.5 61.8 61.5 81.5

AB1 SPIKE WEIGHT 73.8 73.8 73.8 73.8 738 738 738
BY2 SPIKE WEIGHT 52.8 528 52.8 52.8 52.8 52.8 52.8
DV1 SPIKE WEIGHT 52.0 82.0 52.0 52.0 520 52.0 52.0
5Y33 SPIKE WEIGHT 55.9 55.9 55.8 55.9 55.9 55.9 55.9
DB14 SPIKE WEIGHT 59.8 59.8 59.8 59.8 59.8 58.8 59.8
AR6E4 SPIKE WEIGHT 724 72.4 72.4 72.4 72.4 72.4 724
AB9 SPIKE WEIGHT 65.6 65.6 65.6 65.6 65.6 65.6 65.6
BV10 SPIKE WEIGHT a7 1.7 41.7 41.7 1.7 4.7 1.7
2AQ SPIKE WEIGHT 74.8 74.8 74.8 748 74.8 74.8 74.8
S03 SPIKE WEIGHT §1.2 51.2 51.2 51.2 51.2 91.2 51.2
1AQ SPIKE WEIGHT 51.4 51.4 514 51.4 51.4 51.4 51.4
SY14 SPIKE WEIGHT 56.6 56.6 56.6 56.6 56.6 56.6 56.6
S07 SPIKE WEIGHT 57.6 576 576 57.6 57.6 57.6 57.6
AY3 SPIKE WEIGHT 67.0 67.0 67.0 67.0 67.0 67.0 67.0
SY3 SPIKE WEIGHT 60.4 60.4 60.4 60.4 60.4 60.4 60.4
SR1 SPIKE WEIGHT 92.8 928 92.8 92.8 92.8 92.8 92.8
DR9 SPIKE WEIGHT 61.2 61.2 61.2 61.2 61.2 61.2 61.2
SY2 SPIKE WEIGHT 78.8 78.8 78.8 78.8 78.8 78.8 78.8
SG3 SPIKE WEIGHT 62.8 62.8 62.8 62.8 62.8 62.8 62.8
SR24 SPIKE WEIGHT 11.4 11.4 1.4 11.4 114 11.4 11.4
AN SPIKE WEIGHT 831 83.1 83.1 83.1 83.1 a83.1 83.1
BZ SPIKE WEIGHT 48.6 48.6 48.6 48.6 48.6 48.6 48.8




WHMOOTLS | WHMOOZLS | WHMOO3LS | WHMO04LS | WHMOOS5LS | WHMOOBLS | WHMOO7LS

Weight Standard per Volume Sample

MATRIX VOLUME (WATER) 0.025 0.025 0.025 0.025 0.025 0.025 0.025
MATRIX WEIGHT (SOIL) NA NA NA NA NA NA NA

SPIKE CONC AB45 2756.2 2755.2 27585.2 27556.2 2755.2 2755.2 2755.2
SPIKE CONC AY23 224986 22486 2249.6 2249.6 22496 22498 22496
SPIKE CONC AY73 2808.0 2808.0 2808.0 2808.0 2808.0 2808.0 2808.0
SPIKE CONC AO10 . 2459.2 2459.2 2459.2 2459.2 2459.2 2459.2 2459.2
SPIKE CONC AB1 20953.6 2853.6 2953.6 209538 28953.6 2953.6 2953.6
SPIKE CONC BY2 2113.6 2113.6 2113.6 21136 2113.6 21138 2113.6
SPIKE CONC DV1 2081.6 2081.6 2081.6 2081.6 2081.6 2081.6 2081.6
SPIKE CONC SY33 2236.8 2236.8 2236.8 2236.8 2236.8 2236.8 2236.8
SPIKE CONC DB14 2302.0 2362.0 2392.0 2392.0 2392.0 2392.0 2392.0
SPIKE CONC AR6G4 28944 2894.4 2894.4 2894.4 2894 .4 2894.4 2894.4
SPIKE CONC AB9 2624.0 2624.0 2624.0 2624.0 2624.0 2624.0 2624.0
SPIKE CONC BV10 1667.2 1667.2 1667.2 1667.2 1667.2 1667.2 1667.2
SPIKE CONC 2AQ 2990.4 2990.4 2990.4 2990.4 2990.4 2990.4 2990.4
SPIKE CONC S0O3 2046.4 2046.4 2046.4 2046.4 20464 2046.4 2046.4
SPIKE CONC 1AQ 2056.0 2056.0 2056.0 2056.0 2056.0 2056.0 2056.0
SPIKE CONC SY14 2265.6 2265.6 2265.6 2265.6 2265.6 2265.6 2265.6
SPIKE CONC SO7 2304.0 2304.0 2304.0 2304.0 2304.0 2304.0 2304.0
SPIKE CONC AY3 2678.4 26784 2678.4 2678.4 2678.4 2678.4 2678.4
SPIKE CONC SY3 2416.0 2416.0 2416.0 2416.0 2416.0 2416.0 2416.0
SPIKE CONC SR1 37104 3710.4 3710.4 3710.4 3710.4 3710.4 3710.4
SPIKE CONC DR9 2448.0 2448.0 2448.0 2448.0 2448.0 2448.0 2448.0
SPIKE CONC SY2 3152.0 3152.0 3152.0 3152.0 3152.0 3152.0 3152.0
SPIKE CONC 8G3 2512.0 2512.0 2512.0 2512.0 25120 2512.0 2512.0
SPIKE CONC SH24 454.4 454.4 454.4 454.4 454.4 454.4 454.4
SPIKE CONC AN 3323.2 3323.2 3323.2 3323.2 3323.2 3323.2 3323.2
SPIKE CONC BZ 1945.6 1945.6 1945.6 1945.6 1945.6 1945.6 1945.6




WHMOOTLS | WHMOO2LS | WHMOC3LS | WHMO04LS | WHMOOSLS | WHMODELS | WHMOQ7LS
SPIKE CONC AB45 NA NA NA NA NA NA NA
SPIKE CONC AY23 NA NA NA NA NA NA NA
SPIKE CONC AY73 NA NA NA NA NA NA NA
SPIKE CONC AQ10 NA NA NA NA NA NA NA
SPIKE CONC AB1 NA NA NA NA NA NA NA
SPIKE CONC BY2 NA NA NA NA NA NA NA
SPIKE CONC DV1 NA NA NA NA NA NA NA
SPIKE CONC §Y33 NA NA NA NA NA NA NA
SPIKE CONC DB14 NA NA NA NA NA NA NA
SPIKE CONC AR64 NA NA NA NA NA NA NA
SPIKE CONC AB9 NA NA NA NA NA NA NA
SPIKE CONC BvV10 NA NA NA NA NA NA NA
SPIKE CONC 2AQ NA NA NA NA NA NA NA
SPIKE CONC §03 NA NA NA, NA NA NA NA
SPIKE CONC 1AQ NA NA NA NA NA NA NA
SPIKE CONC SY14 NA NA NA NA NA NA NA
SPIKE CONC S07 NA NA NA NA NA NA NA
SPIKE CONC AY3 NA NA NA NA NA NA NA
SPIKE CONC 8Y3 NA NA NA NA NA NA NA
SPIKE CONC SR1 NA NA NA NA NA NA NA
SPIKE CONC DR9 NA NA NA NA NA NA NA
SPIKE CONC §Y2 NA NA NA NA NA NA NA
SPIKE CONC 5G3 NA NA NA NA NA NA NA
SPIKE CONC SR24 NA NA NA NA NA NA NA
SPIKE CONC AN NA NA NA NA NA NA NA
SPIKE CONC BZ NA NA NA NA NA NA NA




WHMO0C1LS | WHMO00ZLS | WHMO03LS | WHMO04LS | WHMOO5LS | WHMOOBLS f WHMOO7LS
Results from HPLC
HPLC RESULT AR45 4,246 6.273 5.691 5.921 3.146 3.799 3.116
HPLC RESULT AY23 7.654 7.889 7.098 7.896 7.072 6.849 6.247
HPLC RESULT AY73 8.755 10.165 10.195 10.317 0.000 1.490 11,252
HPLC RESULT AD10 8.791 8.831 8.820 9.066 7.143 7.427 6.494
HPLC RESULT AB1 11.757 11.278 11.539 10.956 9.965 11.580 1.580
HPLC RESULT BY2 8672 4.316 4.465 2.849 2.257 9.190 2.669
HPLC RESULT DV 2.860 0.000 0.000 0.000 0.000 2.376 0.000
HPLC RESULT SY33 0.500 0.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT DB14 1.295 0.000 0.000 0.000 0.000 1.196 0.000
HPLC RESULT ARB4 10.560 9.967 10.586 10.029 9.326 8.195 B.736
HPLC RESULT ABS 9.730 9.539 10.190 8.762 7.787 9.667 7614
HPLC RESULT BV10 5.499 4.412 4733 3.910 2272 5.322 2.823
HPLC RESULT 2AQ 0.000 0.000 0.006 0.000 0.000 5,960 0.000
HPLC RESULT SO3 4913 0.363 0.584 0.000 1.054 6.278 1.285
HPLC RESULT 1AQ 3.256 0.000 0.000 0.000 0.000 2.769 0.000
HPLC RESULT SYi4 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT 807 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT AY3 9,922 10.208 10.130 10.053 4.653 8.473 4648
HPLC RESULT SY3 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT SR1 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT DR9 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT 5¥2 1.627 0.000 0.000 0.000 0.000 1.424 0.000
HPLC RESULT SG3 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT SR24 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT AN 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT BZ 0.000 0.000 0.000 0.000 0.000 0.000 0.000




WHMOOTLS | WHMOOZLS | WHMOOSLS | WHMOOALS | WHMOOSLS | WHMO06LS | WHMOO7LS

Finat Sample Results

CF(STD INJ VOL VS SAM INJ VOL) 2 2 2 2 3 2 2
FINAL VOLUME 25.000 25,000 25.000 25.000 25.000 25,000 25.000
CORREGTED RESULT AB45 Z123.00 3126.50 2845.50 2960.50 1573.00 1899.50 1558.00
CORREGTED RESULT AY23 3827.00 3944.50 3999.00 3948.00 3536.00 3424.50 312350
CORRECTED RESULT AY73 4377.50 5082.50 5097.50 5158.50 0.00 745.00 5626.00
CORREGTED RESULT AO10 4395,50 4415.50 4460.00 4533.00 3571.50 3713.50 3247.00
CORREGTED RESULT AB1 5878.50 5639.00 5769.50 5478.00 4982.50 5790.00 795.00
CORRECTED RESULT BY2 4336.00 2158.00 223250 1424.50 1128.50 4595.00 1334.50
CORRECTED RESULT DV1 1430.00 0.00 0.00 0.00 0.00 1188.00 0.60
CORRECTED RESULT SY33 300.00 0.00 0.00 0.00 0.00 0.00 0.00
CORREGTED RESULT DB14 647.50 0.00 0.00 0.00 0.00 598.00 0.00
CORRECTED RESULT ARB4 5280.00 4983.50 5293.00 5014.50 4663.00 4097.50 4368.00
CORRECTED RESULT AB9 4865.00 4769.50 5095.00 4881.00 3893.50 4833.50 3807.00
CORRECTED RESULT BV10 2749.50 2206.00 2366.50 1955.00 1136.00 661,00 1411.50
CORRECTED RESULT 2AQ 0.00 0.00 0.00 0.00 0.00 2980.00 0.00
CORRECTED RESULT SO3 2456.50 181.50 292.00 0.00 527.00 3139.00 642.50
CORRECTED RESULT 1AQ 1628.00 a.do 0.00 0.00 0.00 1384.50 0.00
CORRECTED RESULT 5Y14 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT 507 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORREGTED RESULT AY3 4961.00 5104.00 5065.00 5026.50 2326.50 4236.50 2324.00
CORRECTED RESULT SY3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORREGTED RESULT SA1 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT DRS 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORREGTED RESULT SY2 813.50 0.00 0.00 0.00 0.00 712.60 0.00
CORRECTED RESULT 5G3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT SR24 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORREGTED RESULT AN 0.66 0.00 0.00 0.00 0.00 0.00 0.00
CORREGTED RESULT BZ 0.00 0.00 0.00 5.00 0.00 .00 0.00




WHMOGILS | WHMO02LS | WHMOO3LS | WHMO04LS T WHMOO5LS | WHMOOBLS | WHMOO7LS

Percent Recoveries

% RECOVERY AB45 77.05 113.84 103.28 107.45 57.09 68.94 56.55
% RECOVERY AY23 1701 1753 177.8 175.5 157.2 152.2 138.8
% RECOVERY AY73 155.9 181.0 181.5 183.7 0.0 26.5 200.4
% RECOVERY AO10 178.7 179.6 181.4 184.3 145.2 1510 132.0
% RECOVERY AB1 199.0 180.9 195.3 185.5 168.7 196.0 26.9
% RECOVERY BY2 205.1 1021 105.6 67.4 53.4 217.4 63.1
% RECOVERY D\ 68.7 0.0 0.0 Q.0 0.0 571 0.0
% RECOVERY SY33 13.4 0.0 0.0 0.0 00 0.0 0.0
% RECOVERY DB14 27.1 0.0 0.0 0.0 0.0 250 0.0
% RECOVERY ARB64 182.4 172.2 182.9 173.2 1611 1416 150.9
% RECOVERY ABY 185.4 181.8 194.2 186.0 148.4 184.2 1451
% RECOVERY BV10 164.9 1323 141.9 117.3 68.1 159.6 B4.7
% RECOVERY 2AQ 0.0 0.0 0.0 0.0 0.0 99.7 0.0
% RECOVERY SO3 120.0 8.9 14.3 0.0 25.8 153.4 31.4
% RECOVERY 1AQ 79.2 0.0 0.0 0.0 0.0 67.3 0.0
% RECOVERY 8Y14 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% RECQVERY SO7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% RECOVERY AY3 185.2 1906 189.1 187.7 86.9 158.2 86.8
% RECOVERY 8Y3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% RECOVERY SR1 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% RECOVERY DR¢9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% RECOVERY SY2 25.8 0.0 0.0 0.0 0.0 226 0.0
% RECOVERY SG3 0.0 0.0 0.0 0.0 0.0 0.0 Q.0
% RECOVERY SR24 0.0 0.0 0.0 0.0 0.0 0.0 0.0

% RECOVERY AN 0.0 0.0 0.0 0.0 0.0 0.0 0.0

% RECOVERY BZ 0.0 0.0 0.0 0.0 0.0 0.0 0.0




WHMOOTLS | WHMOO02LS | WHMOO3LS | WHMO04LS | WHMOOSLS | WHMOOBLS | WHMOO7LS

Square of Corrected Results

N 7 7 7 7 7 7 7
XrZ ABA4S 4507129.0] 9837632.3] B096870.3, B764560.3| 0474329.0] 3608100.3| 2427364.0
X2 AYZ23 14645929.0, 15559080.3 15992001.0, 15586704.0] 12503206.0] 11727200.3] 9756252.3
X2 AY7a 19162506.3, 25631806.3] 25084506.3 266101223 00|  555025.0] 31651876.0
X2 AC10 1.932E+07] 1.950E+07| 1.989E+07| 2.055E+07] 1.276E+07| 1.379E+07| 1.054E+07
Xr2 AB1 34556762.3] 31798321.0 33267130.3| 30008484.0] 24B25306.3| 335241000  632025.0
X2 BYZ 18800896.0] 4656964.0] 4984056.3] 2029200.3] 1273512.3| 21114025.0]  1780890.3
X2 DVi 20449000 0.0 0.0 0.0 00| 14113440 a0
X2 SY33 90000.0 0.0 0.0 0.0 0.0 0.0 0.0
Xi"2 DB14 4192563 0.0 0.0 0.0 0.0] 357804.0 0.0
Xi"2 ARB4 27878400.0] 24835272.3] 28015849.0| 25145210.3] 21743560.0] 16789506.3| 19079424.0
X2 AB9 23668225.0], 22748130.3| 25959025.0] 23824161.0| 15159342.3| 23362722.3| 14493249.0
X¥'2 BV10 7559750.3] 4866436.0| 5600322.3] 3822025.0] 12004960 7080321.0] 19923323
X2 2AQ 0.0 00 Y 0.0 0.0[  8880400.0 0.0
Xi"2 S03 60343923 329423 85264.0 0.0] 2777280 9853321.0] 4128063
Yirz 1A0 2650384.0 0.0 0.0 0.0 0.0] 19168403 0.0
¥92 SY14 7.0 0.0 0.0 0.0 0.0 0.0 0.0
Xi*2 SO7 0.0 0.0 0.0 0.0 0.0 0.0 00
X2 AY3 24611521.0| 26050B16.0| 25654225.0] 25265702.3| 5412602.3] 17947932.3|  5400976.0
Xi*2 SY3 0.0 00 0.0 0.0 0.0 0.0 0.0
Xr2 SR 0.0 0.0 0.0 0.0 0.0 0.0 0.0
¥i"2 DR9 00 0.0 0.0 0.0 0.0 0.0 0.0
Xir2 5Y2 661782.3 0.0 0.0 0.0 00|  506944.0 0.0
X2 SG3 0.0 0.0 0.0 0.0 00 0.0 0.0
Xi"2 SR24 00 0.0 0.0 0.0 0.0 0.0 0.0
Xr2 AN 0.0 00 0.0 0.0 0.0 0.0 0.0
X2 BZ 0.0 0.0 0.0 0.0 0.0 0.0 0.0




WHMOGTLS | WHMOO2LS | WHMOOALS | WHMOOALS | WHMOOSLS | WHMOOBLS | WHMOO7LS

Sum of the Square of Corrected Results

E X2 AB45 3.972E+07

E X2 AY23 95776407

E Xi2 AY73 1.298E+08
E Xi*2 AD10 1.163E+08

E Xi*2 AB1 1.886E408

E Xi*2 BY2 5.464E+07

E X2 DV1 3.456E+06

E Xi"2 SY33 9.000E+04
E X2 DB14 7.769E+05

E Xi2 ARG4 1.635E+08 —
E Xi2 ABS 1.492E+08

E X2 BV10 3221E+407

E X2 2AQ 8.880E+06

E X2 503 1.670E+07

E Xi"2 1AQ 4 567E+06

E X#2 SY14 0.000E+00

E X2 507 0.000E+00

E X2 AY3 1.303E+08

E X2 5Y3 0.000E+00

E X2 SRi 0.000E+00

E Xi*2 DR9 0.000E+00 ]
E X2 5Y2 1.169E+06

E Xi"2 SG3 0.000E+00

E Xi"2 SR24 0.C00E+00

E Xi*2 AN 0.000E+00

E X2 BZ 0.000E-+00




WHMGOTLS | WHMOD02LS | WHMOD3LS | WHM004LS [ WHMOOSLS | WHMOOGLS [ WHMO0O7LS
Sum of the Corrected Results Squared

(E Xiy*2 AB45 2.591E+08] ]
(E Xiy2 AYza 6.658E+08

{E Xiy'2 AY73 6.805E+08
{E Xi}"2 AC10 8.029E+08

{E Xiy2 AB1 1.179E+09

(E Xiy'2 BY2 2.961E+08

(E Xi)*2 DV1 6.854E+06

{E Xip2 SYa3 9.000E+04

(E Xiy*2 DB14 1.551E+06
(E Xi)*2 AR64 1.136E+09

(E Xiy*2 AB9 1.033E+09
{(E Xiy'2 BV1D 2.098E+08

(E Xi)"2 2AQ 8.880E+06

(E X2 S03 5.240E+07

(EXiy'2 1AQ 9.075E+06
(EXiy2 Y14 0.000E+00

(E Xi)"2 507 0.C00DE+00

(EXi)*2 AY3 8.435E+408

(E Xiy2 5Y3 0.000E+00

{E Xiy*2 SR1 0.000E+00

{E Xiy*2 DR9 0.000E+00

(EXiy2 SY2 2.327E+06

(E Xi)*2 5G3 0.000E+00
{E Xiy2 SR24 0.000E+00

{E Xi)*2 AN 0.000E+00

{E Xiy2 BZ 0.000E+00




WHMOO1LS | WHM0O02LS | WHMOO3LS | WHMOO4LS | WHMOO5LS | WHMOO6LS | WHMOO7LS
Variance
§72: VARIANCE AB45 450730.5
SAZ: VARIANCE AY23 110100.8
$n2: VARIANCE AY73 54295077
§72: VARIANCE AQ10 273554.2
SA2; VARIANCE AB1 3373913.0
$72: VARIANCE BY2 2055407 .8
S~2: VARIANCE DV1 4128520
S$72: VARIANCE SY33 12857.1
5~2: VARIANCE DB14 92541.7
542: VARIANCE ARG4 208436.1
5~2: VARIANCE AB9 267502.5
SA2: VARIANCE BV10 372768.3
572: VARIANCE 2AQ 1268628.6
§°2: VARIANCE S0O3 1535221.5
$A2: VARIANCE 1AQ 545128.9
5~2: VARIANCE SY14 0.0
S$72: VARIANCE SO7 0.0
S~2: VARIANGE AY3 1640036.5
$A2: VARIANCE SY3 0.0
$72: VARIANCE SR1 0.0
S$~2: VARIANCE DR9 0.0
5/2: VARIANCE SY2 139379.4
5/2: VARIANCE 5G2 0.0
572: VARIANCE SR24 0.0
572: VARIANCE AN 0.0
5r2: VARIANCE BZ 0.0




WHMOO1LS | WHMOO2LS | WHMOOSLS T WHMOOALS | WHMODSL.S | WHMOOBLS [ WHMOO7LS

Standard Deviation

STD DEVIATION AB45 671.4
STD DEVIATION AY23 asis
STD DEVIATION AY73 2330.1
STD DEVIATION AOQ10 523.0
STD DEVIATION AB1 1836.8
STD DEVIATION BY2 1433.7
STD DEVIATION DV1 642.5
STD DEVIATION SY33 1134
STD DEVIATION DB14 304.2
STD DEVIATION AR64 456.5
STD DEVIATION ABS 517.2
STD DEVIATION BV10 610.5
STD DEVIATION 2AQ 1126.3
STD DEVIATION SO3 1239.0
STD DEVIATION 1AQ 738.3
STD DEVIATION SY14 0.0
STD DEVIATION SO7 0.0
STD DEVIATION AY3 1280.6
STD DEVIATION SY3 0.0
STD DEVIATION SR1 0.0
STD DEVIATICN DR9 0.0
S70 DEVIATION SY2 3733
STD DEVIATION SG3 0.0
STD DEVIATICN SR24 0.0
STD DEVIATION AN 0.0

STD DEVIATION BZ 0.0




WHMOOTLS | WHMO02LS | WHMOO03LS | WHMO04LS | WHMOOSLS | WHMOOELS | WHMOO7LS
Method Detection Limit

T (STUDENT'S T @ 98% FOR 6 DF) 3.140
MDL AB45 21081
MDL AY23 1041.9
MDL AY73 7316.6
MDL AQ10 16423
MDL AB1 5767.6
MDL BY2 4501.7
MDL DV1 2017.6
MDL 5Y33 356.0
MDL DB14 955.2
MDL ARG4 1433.6
MDL AB9 1624.0
MDL BV10 19171
MDL 2AQ 3536.7
MDL 503 3890.6
MDL 1AQ 23184
MDL SY14 0.0
MDL SO7 0.0
MDL AY3 4021.2
MDL SY3 0.0
MDL SR1 0.0
MDL DR9 0.0
MDL SY2 11723
MDL 8G3 0.0
MDL SR24 0.0
MDL AN 0.0
MDL BZ 0.0




TABLE VIi-1¢

High-Level Aqueous Extracticn Method, Long Gradient, High Spike

Sample Mean Method Bias Method
Conc Sample Results (ug/L} Result (Accuracy) g;ar.td:rd Precision MDL RQL pgiL
pall paiL %R VIaton | euRsD) Hot
WHMODIHS | WHMOG2ZHS | WHMO003HS | WHMO04HS | WHMOOSHS | WHMO006HS E WHMDO7HS
ACID BLUE 45 5510.4 2236.5 1760.5 3465.5 1885.0 26680.0 2069.0 21225 2317.0 42.0 5849 25.2 1836.7 THE9
ACID YELLOW 23 4489.2 37135 3493.5 3242.5 3497.0 3616.0 3579.5 35695 3530.2 78.5 147.3 4.2 4625 18499
ACID YELLOW 73 HE16 5987.0 5816.5 5828.0 5914.0 5718.5 5653.5 5628.0 5791.9 103.1 133.5 2.3 419.2 1676.9
ACID ORANGE 10 49184 884c.0 8281.5 B8077.0 82055 5290.0 B392.0 79835 8301.4 168.5 289.9 3.5 910.2 3640.7
ACID BLUE 1 59072 7408.0 £5595.0 6620.5 6303.5 6869.0 7018.5 6934.5 £907.0 116.9 272.4 3.9 55,2 3420.8
BASIC YELLOW 2 4227.2 1447.0 0.0 0.0 040 00 0.0 0.0 2087 4.9 546.9 264.6 1717.3 6869.2
DISPERSE VIOLET 1 4163.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SOLVENT YELLOW 33 4473.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 Q.0 0.0
DISPERSE BLUE 14 4784 0.¢ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0o 0.0 0.0 0.0 0.0
ACID RED 64 5788.8 7007.5 7037.5 6908.0 6958.0 71355 6925.5 £858.0 6975.7 120.5 92.8 1.3 281.3 1165.2
ACID BLUE 9 5248 E688.0 £§127.0 5866.5 6026.0 6046.5 6123.5 5980.0 6122.5 116.7 264.8 4.3 B31.5 3328.0
BASIC VIOLET 10 3334.4 2542.0 1632.5 1354.5 1505.0 1625.0 1684.0 1569.0 1686.0 50.8 391.3 23.2 1228.8 4915.0
2-AMINOANTHRAQUINONE 5980.8 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
SOLVENT CRANGE 3 4082.8 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1-AMINOANTHRAQUINONE 4112 0 0.0 Q.0 G.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SOLVENT YELLOW 14 4531.2 JtRs] 0.0 0.0 00 00 [+s] 0.0 0.0 0.0 0.0 0.0 0.0 00
SOLVENT ORANGE 7 4608 G0 0.c 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 090 00
ACID YELLOW 3 5356.8 4233.5 3532.0 3529.5 3655.0 3683.5 3649.5 3528.5 3727.4 69.6 245.4 6.6 7704 A081.7
SOLVENT YELLOW 3 4832 0o 0.0 0.0 0.0 0. 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0
SOLVENT RED 1 7420.8 00 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 0.0 00 00
DISPERSE RED 8 48396 0.0 0.0 0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SOLVENT YELLOW 2 65304 0.0 0.0 0.0 0.0 0.0 0.0 0.C 0.0 0.¢ 0.0 0.0 a.0 00
SOLVENT GREEN 3 5024 0.0 0.0 0.0 0.0 0.0 0.0 0.0 G0 4. 00 0.0 0.0 0.0
SOLVENT RED 24 908.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 G0 0.0 0.0 0.0 0.0 Cc.0
ANTHRACENE 6646.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ¢.0 0.0 ¢0 Q.0 0.0 0.0
BENZANTHRONE 3891.2 00 Q.0 0.0 0.0 0.0 Q0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




TABLE VI - 10A

PERCENT RECOVERIES
HIGH-LEVEL AQUEOUS METHOD
HIGH SPIKE, LONG GRADIENT

Compounds Ret. Time WHMOO1HS WHMO002HS WHMOO3HS WHMO04HS WHMOOSHS WHMOOSHS WHMOO7HS
% RECOVERY AB45 %  6.439 41 32 34 49 39
% RECOVERY AY3 %  13.372 79 72 68 68 66
% RECOVERY AY23 % 14.513 83 78 78 80 79
% RECOVERY AR64 %  14.9 121 122 120 123 118
% RECOVERY AY73 %  17.353 107 104 105 102 100
% RECOVERY AQ10 %  18.752 18t . 168 SOABT e oo 189 o CoL 182
% RECOVERY AB9 %  21.657 11 5 17

5 1

% RECOVERY DV1 % 22.77
% RECOVERY ABt % 23.733
% RECOVERY 2AQ %  23.758
% RECCOVERY SO3 %  24.783
% RECOVERY 8Y33 %  28.25%
% RECOVERY 1AQ %  28.853
% RECOVERY DB14 %  34.023
% RECOVERY BY2 %  35.367
% RECOVERY SY3 %  35.998
% RECOVERY BV10 %  36.018
% RECOVERYDR9 %  36.142
% RECOVERY BZ %  36.724
% RECOVERY 8Y2 % 35.91

% RECOVERY AN %  40.8641
% RECOVERY SY14 % 44.36
% RECOVERY SR1 %  44.811
% RECOVERY S0O7 %  50.894
% RECOVERY SG3 %  57.448
% RECOVERY SR24 %  57.994



WHMO001HS | WHMOO02HS | WHMOO3HS | WHMO04HS | WHMO0O0SHS T WHMO06HS | WHMOO7HS

Stock Standard Concentrations

ACID BLUE 45 STD 344.4 344.4 344.4 344.4 344.4 344.4 3444
ACID YELLOW 23 STD 281.2 281.2 281.2 281.2 281.2 281.2 281.2
ACID YELLOW 73 STD 351.0 351.0 351.0 351.0 351.0 351.0 351.0
ACID ORANGE 10 8TD 3074 307 .4 307.4 307 .4 307.4 307.4 307.4

ACID BLUE 1 STD 369.2 369.2 369.2 369.2 368.2 369.2 369.2
BASIC YELLOW 2 §TD 264.2 264.2 2642 264.2 264.2 264.2 264.2
DISPERSE VIOLET 1 STD 260.2 260.2 260.2 260.2 260.2 260.2 260.2
SOLVENT YELLOW 33 §TD 2796 279.6 279.6 279.6 279.6 279.6 279.6
DISPERSE BLUE 14 STD 299.0 298.0 289.0 298.0 298.0 289.0 209.0
ACID RED 64 STD 361.8 361.8 361.8 361.8 361.8 361.8 361.8
ACID BLUE ¢ STD 328.0 328.0 328.0 328.0 328.0 328.0 328.0
BASIC VIOLET 10 8TD 208.4 208.4 208.4 208.4 208.4 208.4 208.4
2-AMINOANTHRAQUINONE STD 373.8 373.8 373.8 373.8 373.8 3738 373.8
SOLVENT ORANGE 3 STD 255.8 255.8 255.8 255.8 255.8 2558 255.8
1-AMINOANTHRAQUINONE STD 257.0 257.0 257.0 257.0 257.0 257.0 257.0
SOLVENT YELLOW 14 STD 283.2 283.2 283.2 283.2 283.2 283.2 283.2
SOLVENT ORANGE 7 STD 288.0 288.0 288.0 288.0 268.0 288.0 288.0
ACID YELLOW 3 §TD 3348 334.8 3348 334.8 334.8 334.8 334.8
SOLVENT YELLOW 3 8TD ae2eo 3020 302.0 3020 302.0 302.0 302.0
SOLVENT RED 1 §TD 463.8 463.8 463.8 463.8 463.8 463.8 463.8
DISPERSE RED 9 STD 306.0 306.0 306.0 306.0 306.0 306.0 306.0
SOLVENT YELLOW 2 STD 394.0 394.0 394.0 394.0 3940 394.0 394.0
SOLVENT GREEN 3 STD 314.0 314.0 314.0 314.0 314.0 314.0 314.0
SOLVENT RED 24 STD 56.8 56.8 56.8 56.8 56.8 56.8 56.8
ANTHRACENE 4154 415.4 415.4 415.4 4154 415.4 415.4
BENZANTHRONE 243.2 243.2 243.2 243.2 243.2 243.2 243.2




WHMOOTHS | WHMOD2HS | WHMOO3HS | WHMOO4HS | WHMOO5HS | WHMOOBHS | WHMOO7HS

Weight of Stock Standard Spiked

SPIKE VOLUME EACH DYE 4000.0 4000.0 4000.0 4000.0 4000.0 4000.0 4000.0
AB45 SPIKE WEIGHT 1377.6 1377.6 13776 1377.6 13776 1377.6 1377.6
AY23 SPIKE WEIGHT 11248 11248 1124.8 1124.8 1124.8 11248 1124.8
AY73 SPIKE WEIGHT 1404.0 1404.0 1404.0 1404.0 1404.0 1404.0 1404.0
AO10 SPIKE WEIGHT 1229.6 12296 12296 12296 12296 12296 1229.6
AB1 SPIKE WEIGHT 1476.8 1476.8 14768 1476.8 1476.8 1476.8 1476.8

BYZ SPIKE WEIGHT 1056.8 1056.8 1056.8 1056.8 1056.8 1056.8 1056.8
DV1 SPIKE WEIGHT 1040.8 1640.8 1040 8 1040.8 1040.8 1040.8 1040.8
§Y33 SPIKE WEIGHT 1118.4 1118.4 11184 1118.4 1118.4 1118.4 11184
DB14 SPIKE WEIGHT 1196.0 1196.0 11960 1196.0 11596.0 1196.0 1196.0
ARB4 SPIKE WEIGHT 14472 14472 1447.2 14472 1447.2 1447.2 1447.2
£BS SPIKE WEIGHT 1312.0 1312.0 13120 13120 13120 13120 13120
BV10 SPIKE WEIGHT 833.6 833.6 833.6 8336 8336 8336 833.6
2AQ SPIKE WEIGHT 1495.2 1495.2 1495.2 14953 1495.2 1495.2 1495.2
503 SPIKE WEIGHT 1023.2 1023.2 1023.2 1023.2 10232 1023.2 1023.2
1AQ SPIKE WEIGHT 1028.0 1028.0 1028.0 1028.0 1028.0 1028.0 1026.0
$Y14 SPIKE WEIGHT 113238 11328 11328 11328 11328 11328 1132.8
507 SPIKE WEIGHT 1152.0 1152.0 1152.0 11520 1152.0 1152.0 1152.0
AY3 SPIKE WEIGHT 1339.2 13392 13392 13392 13392 1339.2 1339.2
5Y3 SPIKE WEIGHT 1208.0 1208.0 1208.0 1208.0 1208.0 1208.0 1208.0
SR1 SPIKE WEIGHT 18552 1855.2 18552 1855.2 18552 1855.2 1855.2
DR9 SPIKE WEIGHT 1224.0 12240 12240 1224.0 1224.0 1224.0 12240
5Y2 SPIKE WEIGHT 1576.0 1576.0 1576.0 1576.0 1576.0 1576.0 1576.0
5G3 SPIKE WEIGHT 1256.0 1256.0 1256.0 1256.0 1256.0 1256.0 1256.0
SR24 SPIKE WEIGHT 2272 2272 227.2 227.2 2372 2272 2272
AN SPIKE WEIGHT 16616 16616 16616 1661.6 1661.6 1661.6 1661.6
BZ SPIKE WEIGHT 9728 972.8 972.8 9728 572.8 972.8 972.8




WHMOOTHS | WHM002HS | WHMOO3HS | WHMO004HS | WHMOO05HS | WHMO0EHS | WHMOO7HS

Weight Standard per Volume Sample

MATRIX VOLUME (WATER) 0.250 0.250 0.250 0.250 0.250 0.250 0.250
MATRIX WEIGHT {SOIL) NA NA NA NA NA MNA NA

SPIKE CONC AB45 5510.4 5510.4 55104 5510.4 5510.4 5510.4 55104
SPIKE CONC AY23 4499.2 4499.2 44989.2 4498.2 4499.2 4499.2 4499.2
SPIKE CONC AY73 5616.0 5618.0 5616.0 5616.0 5616.0 5616.0 5616.0
SPIKE CONC AO10 4918.4 4918.4 49818.4 4918.4 4918.4 4918.4 4918.4
SPIKE CONC AB1 5907.2 5907.2 5907.2 5907.2 5907.2 5907.2 5907.2
SPIKE CONC BY2 4227.2 4227.2 4227.2 4227.2 4227.2 4227.2 4227.2
SPIKE CONC DV1 4163.2 4163.2 4163.2 4163.2 4163.2 4163.2 4163.2
SPIKE CONC SY33 44736 44736 4473.6 4473.6 44736 44738 44738
SPIKE CONC DB14 4784.0 4784.0 4784.0 4784.0 4784.0 4784.0 4784.0
SPIKE CONC AR64 5788.8 5788.8 5788.8 5768.8 5785.8 5788.8 5788.8
SPIKE CONC AB9 5248.0 5248.0 5248.0 5248.0 5248.0 5248.0 5248.0
SPIKE CONC BV10 3334.4 3334.4 33344 3334.4 3334.4 33344 3334.4
SPIKE CONC 2AQ 5980.8 5980.8 5980.8 5980.8 5980.8 5980.8 5980.8
SPIKE CONC 503 4092.8 4092.8 4092.8 4092.8 4092.8 4092.8 4092.8
SPIKE CONC 1AQ 4112.0 41120 4112.0 41120 41120 4112.0 4112.0
SPIKE CONC SY14 4531.2 4531.2 4531.2 4531.2 4531.2 4531.2 4531.2
SPIKE CONC SO7 4608.0 4608.0 4608.0 4608.0 4608.0 4608.0 4608.0
SPIKE CONC AY3 5356.8 5356.8 5356.8 5356.8 5356.8 5356.8 5356.8
SPIKE CONC SY3 4832.0 4832.0 4832.0 4832.0 4832.0 4832.0 4832.0
SPIKE CONC SR1 7420.8 7420.8 7420.8 7420.8 74208 7420.8 7420.8
SPIKE CONC DRS 4896.0 4896.0 4896.0 4896.0 4896.0 4896.0 4896.0
SPIKE CONC 8Y2 6304.0 6304.0 6304.0 6304.0 6304.0 6304.0 6304.0
SPIKE CONC SG3 5024.0 5024.0 5024.0 5024.0 5024.0 5024.0 5024.0
SPIKE CONC SR24 908.8 908.8 908.8 908.8 908.8 908.8 908.8
SPIKE CONC AN 6646.4 6646.4 6646.4 6646.4 6646.4 6646.4 6646.4
SPIKE CONC BZ 3891.2 3891.2 3891.2 3891.2 3891.2 3891.2 3892




WHMOOBHS

WHMOO01HS | WHMOO2HS | WHMOQ3HS | WHMO04HS | WHMOO5HS WHMOD7HS

SPIKE CONC AB45 NA NA NA NA NA NA NA
SPIKE CONC AY23 NA NA NA, NA NA NA NA
SPIKE CONC AY73 NA NA NA NA NA NA NA
SPIKE CONC AQ10 NA NA NA NA NA NA NA
SPIKE CONC AB1 NA NA NA NA NA NA NA
SPIKE CONC BY2 NA NA NA NA NA NA NA
SPIKE CONC DV1 NA NA NA NA NA NA NA
SPIKE CONC §Y33 NA NA NA NA NA NA NA
SPIKE CONC DB14 NA NA NA NA NA NA NA
SPIKE CONC ARG4 NA NA NA NA NA NA NA
SPIKE CONC AB9 NA NA NA NA NA NA NA
SPIKE CONC BV10 NA NA NA NA NA NA NA
SPIKE CONC 2AQ NA NA NA NA NA NA NA
SPIKE CONC 503 NA NA NA NA NA NA NA
SPIKE CONC 1AQ NA NA NA NA NA NA NA
SPIKE CONC SY14 NA NA NA NA NA NA NA
SPIKE CONC 507 NA NA NA NA NA NA NA
SPIKE CONC AY3 NA NA NA NA NA NA NA
SPIKE CONC SY3 NA NA NA NA NA NA NA
SPIKE CONC SR1 NA NA NA NA NA NA NA
SPIKE CONC DRS NA NA NA NA NA NA NA
SPIKE CONC Sv2 NA NA NA NA NA NA NA
SPIKE CONC SG3 NA NA NA NA NA NA NA
SPIKE CONC SR24 NA NA NA NA NA NA NA

SPIKE CONC AN NA NA NA NA NA NA NA

SPIKE CONC BZ NA NA NA NA NA NA NA




WHMOOTHS | WHM002HS [ WHMO03HS | WHMO004HS [ WHMOO5HS | WHMO0SHS | WHMOO7HS

Results from HPLC

HPLC RESULT ABA45 4473 3.521 6.931 3.770 5.360 2138 2245
HPLC RESULT AY23 7.437 6.987 6.485 6.994 7233 7.159 7.139
HPLC RESULT AY73 11.974 11.633 11.656 11.828 11.437 11.307 11.252
HPLC RESULT AD10 17.760] 16.563 16.154 16.411 16.580 16.784 15.967
HPLC RESULT AB1 14.816 13.190 13.241 13.807 13738 14037 12.86¢2
HPLC RESULT BY2 2.894 0.000 5.000 0.000 0.000 0.000 0.000
HPLC RESULT DVA 0.000 0.000 0.000 0.000 0.000 0.000 0.000|
HPLC HESULT 5Y33 0.000 0.000 0.000 0.000 0.000] 0.000 0.000
HPLC RESULT DB14 0.000 0.000 0.000 0.000 0.000 0.000 0.000)
HPLC RESULT ARG4 14.015 14.075 13.816 13.916 14.271 13.851 13.716
HPLC RESULT AB9 13.376 12.254 11.733 12.052 12.093 12.247 11.960
HPLC RESULT BV10 5.084 3.065 2709 3.010 3050 3.368 3118
HPLC RESULT 2A0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT SO3 0.000 0000 0.000 " D.000 0.000 0.000 0.000|
HPLC RESULT 1AQ 0.000 D.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT Y14 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT SO7 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT AY3 8.467 7,664 7.059 7.310 7.327 7.299 7.057
HPLC RESULT 5Y3 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT SR 0.000 0.000 0.000 0.000 0.000 0.000 0.000
APLC RESULT DR9 6,000 D.000 0.000 0.000 .000 0.000 0.000
HPLC RESULT 5Y2 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HPLC RESULT 5G3 ©.000 0.000 0.000 0.000 0.000 6.000 0.000
HPLC RESULT SR24 0.000 0.000 0.000 0.000 0.000 0.000 0.000

HPLC RESULT AN 0.000 0.000 0.000 0.000 0.000 0.000 0.000

APLC RESULT BZ 0.000 0.000 0.000 0.600 0.000 0.000] 0.000




WHMOOTHS | WHMOOZHS | WHMOD3HS | WHMO004RS | WHMOOSHS | WHMOOEHS | WHMOO7HS

Final Sample Results

CF {STD INJ VOL VS SAM INJ VOL) 2 2 2 2 2 2 2

FINAL VOLUME 250.000 250.000 250.000 250.000 250.000 250.000 250.000
CORRECTED RESULT AB45 2236.50 176050 3465.50 1885.00 2680.00 2069.00 2122.50
CORRECTED RESULT AY23 3713.50 3493.50 3242.50 3497.00 3616.00 3579.50 3569.50
CORRECTED RESULT AY73 5987.00 5816.50 5828.00 5914.00 5718.50 5653.50 5626.00
CORRECTED RESULT AO10 8830.00 8281.50 8077.00 8205.50 8290.00 8392.00 7983.50
CORRECTED RESULT AB1 7408.00 6595.00 6620.50 6903.50 $869.00 7018.50 6934.50
CORRECTED RESULT BY2 1447.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT DVA 0.00 6.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT SY33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT DB14 6.00 0.00 .00 000 0.00 0.00 0.00
CORRECTED RESULT AR64 7007.50 703750 5908.00 6958.00 7135650 6925.50 6858.00
CORRECTED RESULT ABS 6688.00 127.00 5866.50 6026.00 6046.50 6123.50 5980.00
CORRECTED RESULT BV10 2542.00 1532.50 1354.50 1505.00 1625.00 {684.00 1559.00
CORRECTED RESULT 2AQ 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT S03 6.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT 1AQ 0.00 000 0.00 0.00 0.00 0.00 000
CORRECTED RESULT §Y14 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT 8507 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORREGTED RESULT AY3 423350 3832.00 3529.50 3655.00 3663.50 3649.50 3528.50
CORRECTED RESULT $Y3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT SR1 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT DR9 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT SY2 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORREGTED RESULT 5G3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CORRECTED RESULT SR24 0.00 0.00 0.00 .00 0.00 0.00 0.00
CORRECTED RESULT AN 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CORRECTED RESULT BZ 0.00 0.00 Q.00 0.00 0.00 0.00 0.00




WHMO001HS | WHMO02HS | WHMOO3HS | WHMO004HS | WHMOOSHS [ WHMO0GHS | WHMOG07HS

Percent Recoveries

% RECOVERY AB45 40.59 31.95 62.89 34.21 48.64 37.55 38.52
% RECOVERY AY23 82.5 7786 721 777 80.4 796 79.3
% RECOVERY AY73 106.6 103.6 103.8 105.3 101.8 100.7 100.2
% RECOVERY AQ10 180.5 168.4 164.2 166.8 168.6 170.6 162.3
% RECOVERY AB1 126.4 111.6 1121 116.9 116.3]. 118.8 1174
% RECOVERY BY2 34.2 0.0 Q.0 0.0 0.0 0.0 Q.0
% RECOVERY DV1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% RECOVERY 8Y33 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% RECOVERY DB14 0.0 0.0 0.0 0.0 0.0 .0 0.0
% RECOVERY ARBG4 1211 121.6 119.3 120.2 123.3 119.6 118.5
% RECOVERY ABS 127.4 118.7 111.8 114.8 115.2 116.7 113.9
% RECOVERY BV10 76.2 46.0 40.6 45.1 48.7 950.5 46.8
% RECOQVERY 2AQ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% RECOVERY SO3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% RECOVERY 1AQ 0.0 0.0 0.0 0.0 00 0.0 0.0
% RECOVERY SY1i4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% RECOVERY S07 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% RECOVERY AY3 79.0 71.5 65.9 68.2 68.4 68.1 65.9
% RECOVERY 8Y3 0.0 0.0 0.0 Q.0 0.0 0.0 0.0
% RECOVERY SR1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% RECOVERY DR9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% RECOVERY SY2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% RECOVERY SG3 0.0 0.0 0.0 00 0.0 0.0 0.0
% RECOVERY SR24 0.0 0.0 0.0 0.0 0.0 0.0 0.0

% RECOVERY AN 0.0 0.0 0.0 0.0 0.0 0.0 0.0

% RECOVERY BZ 0.0 0.0 0.0 0.0 0.0 0.0 0.0




WHMOGTHS | WHMO02HS | WHMO03HS [ WHMO04HS | WHMOOSHS [ WHMG0EHS | WHMOG7HS

Square of Corrected Results

N 7 7 7 7 7 7 7
Xin2 AB45 5001932.3| 3099360.3] 12009690.3| 3553225.0/ 7182400.0/ 4280761.0{ 4505006.3
X2 AY23 13790082.3| 12204542.3| 10513806.3| 12229009.0; 13075456.0| 12812820.3] 12741330.3
X2 AY73 35844169.0( 33831672.3| 33965584.0| 34975396.0] 32701242.3| 31962062.3| 31651876.0
X2 AQ10 7.885E407| 6858E+07| 6.524E+07| 6.733E+07| 6.872E+07| 7.043E+07| 6.374E+07
X2 AB1 54878464.0 43494025.0 43831020.3| 47658312.3] 47183161.0] 492509342.3 48087290.3
X2 BY2 2093809.0 0.0 0.0 0.0 0.0 0.0 0.0
Xin2 DV 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Xin2 §Y33 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Xin2 DB14 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Xin2 ARB4 49105056.3| 49526406.3| 47720464.0( 48413764.0[ 50915360.3] 47962550.3] 47032164.0
Xir2 ABS 44729344.0| 37540129.0( 34415822.3 36312676.0] 36560162.3] 374972523 35760400.0
Xin2 BV10 6461764.0)| 2348556.3| 1834670.3| 2265025.0) 2640625.0] 2835856.0] 24304810
Xin2 2AQ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Xi"2 S03