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1.0 INTRODUCTION 

This Generic Quality Assurance Project Plan (GQAPP) has been 
prepared by Bcology and Environment, Inc., (E & E) for the Southern 
Division, Naval Facilities Engineering Command, under Contract No. 
N62467-88-C-0200, which encompasses the performance of contamination 
assessments and remedial activities at 37 sites on Naval Air Station 
(NAS) Pensacola, Escambia County, Florida. 
as part of the Naval Installation Restoration (IR) Program to 
investigate and remediate uncontrolled hazardous waste disposal sites 
associated with naval operations. 

This work is being conducted 

This GQAPP presents the policies, organization, objectives, 
functional activities, and specific quality assurance/quality control 
(QA/QC) procedures that will be employed by E & E to ensure that all 
technical data generated during the performance of the investigations at 
NAS Pensacola are accurate, representative and ultimately capable of 
withstanding judicial scrutiny. 
Project Plan (SQAPP) that defines site-specific sampling/analytical 
requirements and identifies any procedural variations from the GQAPP 
will be submitted with the work plan developed for each site or site 
group. 

QC consists of a system of checks on field sampling and laboratory 
analysis (through the use of field blanks, duplicates, documentation of 
all sample movement, chain-of-custody records, etc.) which provides 
supporting information on the quality of the methods employed and of the 
analytical data. 

have been properly implemented so as to produce accurate data. 
in general, a supervisory 'function. 

A Si te-Specific Quality Assurance 

QA consists of overview checking to certify that the QC procedures 
QA is, 

1-1 
[Bold items enclosed in brackets denote changes from original text] 



All QA/QC procedures will be in accordance with applicable 
professional technical standards, U.S. Environmental Protection Agency 
(USEPA) requirements, Naval Energy and Environmental Support Activity 
(NBBSA) requirements, and specific project goals and requirements. This 
GQAPP has been prepared in accordance with all USEPA, Florida Department 
of Environmental Regulation (PDER), and U.S. Navy guidance documents (in 
particular, Contract Laboratory Program [CLP] and Test Hethods for 
Evaluating Solid Waste [SU-846, Third Edition] guidelines). 

This GQAPP incorporates the following W/QC elements: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

All fieldwork activities, including sample collection; 
Sample management and chain-of-custody; 
Sampling equipment decontamination; 
Sample analysis and analytical control; 
Field and laboratory instrument calibration; 
Field and laboratory documentation; 
Preventive maintenance; 
Reviews and audits; 
Corrective action; and 
Reporting . 

Analytical samples collected in the field will be shipped to E & 

E's Analytical Services Center (ASC) for analysis. Duplicate, blank, 
replicate, and spiked samples will be used to develop estimates of the 
quality of the analytical data. 
verify that proper sampling techniques and chain-of-custody procedures 
are followed. Field data compilation, tabulation, and analysis will be 
checked for accuracy. Calculations and other post-field tasks will be 
reviewed by project personnel. 

Field audits will be conducted to 

Site-specific detection limits for sample analysis will be 
specified in the SQAPPs that will submitted with the work plans 
developed for each site or site group. 
in accordance with USEPA-approved methods, where available, for analysis 
of organics and inorganics. 
advance by the project manager and included in this SQAPP. 

These detection limits will be 

QC requirements will be specified in 

1-2 
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Equipment used to take field measurements will be maintained and 
calibrated in accordance with established procedures. Records of 
calibration and maintenance will be kept by assigned personnel. 

Document control procedures will be used to coordinate the 
distribution, coding, storage, retrieval, and review of all data 

. collected during all fieldwork activities. These activities may 

include, but are not limited to: geophysical, soil headspace, and soil 

gas surveys; the collection of air, surface water, sediment, soil, 
groundwater, and free-floating product samples; measurement of field 
parameters, such as pH and specific conductance; and location/elevation 
surveys. 
materials generated or obtained during the study. 

These procedures will ensure the safeguarding of any sensitive 

. I /,; 1-3 
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2.0 PROJECT DESCRIPTION 

The NAS Pensacola installation occupies an area of approximately 
5,800 acres on a peninsula in southern Escambia County, five miles 
southwest of the City of Pensacola. 
north by Bayou Grande, and on the east and south by Pensacola Bay. 
Figure 2-1 is a location map of NAS Pensacola. 

This peninsula is bounded on the 

The installation supports various housing, training, and support 
activities as well as a Naval Aviation Depot (NADEP), a large industrial 
complex for major repairs and refurbishment of aircraft engines and 
frames. The main industrial operations conducted at NAS Pensacola are 
concentrated in the older portion of the base, on the eastern end of the. 
peninsula. The western end primarily contains the main airfield 
(Forrest Sherman Field) and undeveloped wooded land. 0 NAS Pensacola has historically conducted many activities involving 
hazardous materials: 

Fuel handling and management; 
Painting and paint stripping; 
Waste solvent disposal; 
Firefighting and crash training; 
Aircraft maintenance; 
Metal plating; 
Low-level radioactive materials handling; and 
Operation of general waste managemmt facilities. 

. 

Some of the activities are no longer performed, and to a large 
extent there are no records of these former activities. Solid wastes 
have been disposed of primarily at two landfill areas: 
golf course site (Site 1, Sanitary Landfill) and the other north of 

one west of the 

2-1 
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Chevalier Field (Site 11). 
discharged to storm sewers until 1973, when an industrial sewer system 
and industrial wastewater treatment plant (IUTP) were installed. Other 
activities involving hazardous materials include pesticide application, 
use of radioactive materials, transformer storage, transport and storage 
of fuel, and firefightinglcrash training. 

Liquid wastes from the NADEP operations were 

Previous environmental studies of NAS Pensacola were conducted 
under the Navy Assessment and Control of Installation Pollutants (NACIP) 
Program, and consisted of an Initial Assessment Study (IAS) followed by 
a two-part Confirmation Study. 
was performed in 1982 by a team of Navy environmental specialists. 
IAS final report was released in June 1983. 
(G & H) was retained by the Navy in 1984 to perform the Confirmation 
Study, which consisted of a Verification Study followed by a 
Characterization Study. Final reports were issued in July 1984 and 
March 1986, respectively. Groundwater, surface water, sediment, and 
soil samples were collected and analyzed during both parts of the 
Confirmation Study. 

The on-site survey portion of the IAS 
The 

Geraghty & Miller, Inc., 

Table 2-1 is a list of the 37 NAS Pensacola sites to be 
investigated as part of E & E's study, and Figure 2-2 shows the general 
site locations. E & E's potential scope-of-work at NAS Pensacola 
encompasses the full spectrum of contamination assessment and remedial 
activities specified under the Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 (CERCLA); the Superfund 
Amendments and Reauthorization Act of 1986 (SARA); and, as required by 
CERCLAlSARA, all other applicable or relevant and approprikte 
requirements (ARARs)--in particular, the Resource Conservation and 
Recovery Aqt of 1976 (RCRA) and the Hazardous and Solid Waste Amendments 
of 1984 (HSWA). These activities include: determination of the 
presence, nature, magnitude, and extent of environmental' (air, sediment, 
surface water, soil, and groundwater) contamination at the 37 NAS 
Pensacola sites; compilation of the cultural, biological, 
climatological, hydrogeological, geochemical, hydrogeochemical, and 
geotechnical data necessary to perform baseline risk assessments and 
support the development of feasibility study remedial alternatives; 

0 
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Table 2-1 

Site No. Site Name/Description 

1 
2 
3 
4 
5 

' 6  
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 

Sanitary Landfill 
Uaterfront Sediments Area 
Crash Crev Training Area 
Army Rubble Disposal Area 
Borrow Pit 

Fort Redoubt Rubble Disposal Area 
Firefighting School Area 
Rifle Range Disposal Area 
Navy Yard Disposal Area 
Commodore's Pond 

North Chevalier Disposal Area 
Scrap Bins 
Magazine Point Rubble Disposal Area 
Dredge Spoil Fill Area 
Pesticide Rinsate Disposal Area 

Brush Disposal Area 
Transformer Storage Yard 
PCB Spill Area 
Fuel Farm Pipeline Leak Area 
Pier Pipe Leak Area 

Sludge at Fuel Tanks Area 
Refueler Repair Shop 
Chevalier Field Pipe Leak Area 
DDT nixing Area 
Radium Spill Area 

Supply Department Outside Storage Area 
Radium Dial Shop Sewer 
Transformer Accident Area 
Soil South of Building 3460 
Buildings 649 and 755 

Soil North of Building 648 
IWTP Sludge Drying Beds 
W T P  Ponds 
Solvent Area North of Building 3557 
Miscellaneous IVTP SWUs 
Industrial Waste Sever 
Sherman Field Fuel Farm 

2-4 
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remedial design; and/or construction oversight of selected remedial 
designs. Given the extremely varied nature of hazardous materials used 
and potentially disposed of on the base, it is possible that any of the 
following environmental contaminants may be detected: full spectrum of 
priority pollutant and [Target]  Compound List species (i.e. , metals, 
cyanide, volatile organics, baseheutral and acid extractables, 
polychlorinated biphenyls, and pesticides); petroleum hydrocarbons; 
asbestos; and radioactive materials. 
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3.0 WORK PLANS AND SITE-SPECIFIC QUALITY ASSURANCE PROJECT PLANS 

As discussed in Section 1.0, the purpose of this GQAPP is to 
delineate E & E ' s  approach to ensuring the quality of all technical data 
generated during the investigations at NAS Pensacola. Given the large 
number and variety of sites at NAS Pensacola, it is hence necessary that 
this GQAPP describe the full spectrum of potential investigation 
methodologies and analytical procedures. However, given that all of the 
investigation methodologies and analytical procedures described herein 
will not be required on every site, it is also necessary that a 
mechanism for delineating site-specific investigation methodologies and 
analytical procedures be implemented. Work plans and SQAPPS constitute 
this mechanism. 0 The work plans generated for the NAS Pensacola investigations will 
include the following: 

o Site background information; 
o 
o Site location, vicinity, and plan maps; 
o 
o Proposed sampling locations and sample location maps; and 
o Summary of sample types, number, and analytical parameters. 

Summary of results of previous investigations; 

Identification 6f investigation approach and methodologies; 

For simplicity, the 37 sites at NAS Pensacola have been divided 
into 15 work plan groups (see Table 3-1). 
determined based on geographic proximity of the sites, similarity of 
potential contaminant types, similarity of potential investigation 
methods, and/or the potential scope and complexity of the investigation. 
Appendix A presents a generalized work plan outline. 

These groupings were 

3-1 
[Bold items enclosed in brackets denote changes from original text] 



Work Plan Group Site Nos. Site Name/Description 

A 
B 

C 

D 

E 
F 

G 

E 

I 

J 

K 

L 

n 
N 
0 

1 
11 
12 
26 
2 
13 
14 
15 
24 

30 
9 
10 
23 
29 
34 
25 
27 
8 
22 
17 
18 
28 
3 
19 
37 
7 
20 
21 
4 
5 
6 
16 
31 
36 
32 
33 
35 

Sanitary Landfill 
North Chevalier Disposal Area 
Scrap Bins 
Supply Department Outside Storage Area 
Vaterfront Sediments 
Magazine Point Rubble Disposal Area 
Dredge Spoil Fill Area 
Pesticide Rinsate Disposal Area 
DDT nixing Area 
Buildings 649 and 755 
Navy Yard Disposal Area 
Codore' s Pond 
Chevalier Field Pipe Leak Area 
Soil South of Building 3460 
Solvent North of Building 3557 
Radium Spill Arta 
Radium Dial Shop Sewer 
Rifle Range Disposal Area 
Refueler Repair Shop 
Transformer Storage Yard 
PCB Spill Area 
Transformex Accident Area 
Crash Crew Training Area 
Fuel Farm Pipeline Lealt Area 
Sherran Field Fuel Farm 
Firefighting School Area 
Pier Pipe Leak Area 
Sludge at Fuel Tanks Area 
Army Rubble Disposal Area 
Borrow Pit 
Fort Redoubt Rubble Disposal Area 
Brush Disposal Area 
Soil North of Building 648 
Industrial Waste Sewer 
IWTP Sludge Drying Beds 
W T P  Ponds 
Miscellaneous IWTP S W s  
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A separate SQAPP for each site within a work plan group will be 
included as an appendix to the work plan. 
following: 

The SQAPP will identify the 

o Site-specific sampling/analytical requirements, including 

o Site-specific data quality objectives (DQOs) including 

o Any modifications to any of the procedures specified in the 

number, type, and analyses of field and laboratory QA samples; 

detection limits; and 

GQAPP . 
Appendix B presents an example SQAPP form. 
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4.0 PROJECT ORGANIZATION AND RESPONSIBILITY 

In accordance with E & E ' s  corporate QA program, experienced senior 
technical staff will be assigned to the NAS Pensacola project to provide 
QA guidance and review. E & E ' s  corporate management structure provides 
for direct and continuous oversight responsibility, clear lines of 
authority, and the integration of QA activities. The primary U.S.  Navy 
contacts at E 6 E with respect to the QA program for the NAS Pensacola 
project will be: 

o Mr. Richard J. Rudy, P.G. 
Senior Project Director 
Ecology and Environment, Inc. 
1203 Governor's Square Blvd., Suite 401 
Tallahassee, Florida 32301 
(904) 877-1978 

o Mr. Andrew P. Clifton 
ASC Laboratory Director 
Ecology and Environment, Inc. 
Analytical Services Center 
4285 Genesee Street 
Buffalo, New York 14225 
(716) 631-0360 

- Figure 4-1 presents the basic organizational structure of E & E ' s  

QA program, and Figure 4-2 shows the basic management structure of the 
ASC. 
project and summarizes their QA/QC responsibilities. 
describes the facilities and analytical capabilities of the ASC. 
Biographies of key personnel are presented in Appendix C. 

Section 4.1 identifies the key personnel for the NAS Pensacola 
Section 4.2 
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4.1 KBY PROJECT 

Principal-in-Charg+. The principal-in-charge for the NAS 
Pensacola project will be Richard J. Rudy, P.G., manager of E & E's 
Regional Office in Tallahassee. 
be ultimately responsible for ensuring that all field/analytical data 
and technical reports generated during the project are in compliance 
with all applicable QA/W requirements. 

As principal-in-charge, Mr. Rudy will 

Project Director. The project director for the NAS Pensacola 
project will be John M. hueyer, P.E., P.G., from E & E's Regional 
Office in Tallahassee. As project director, Hr. h y e r  will have 
overall responsibility for ensuring that all technical and 
administrative aspects of the the project meet U.S. Navy objectives and 
are in compliance with all applicable M/QC requirements. 
director also provides access to corporate management for the project 
managers. 

The project 

Project &wagers. The project managers for the NAS Pensacola 
project will be John D. Barksdale (Field Services), from E & E's 
Regional Office in Tallahassee, and Jack B. Wilcox, P.E. (Engineering 
Services), from E & E's corporate headquarters in Buffalo. 
managers, Hr. Barksdale and Mr. Uilcox will be responsible for the 
actual implementation 0-f the project and will have the authority to 
corit the resources necessary to meet project objectives and 
requirements. Their primary function is to ensure that all technical, 
financial, and scheduling objectives of the project are achieved 
successfully. As project managers, Hr. Barksdale and Mr. Uilcox will 
report directly to the Navy IR Program Engineer-In-Charge (EIC) and will 
represent the major point of contact for project-related matters. They 
will specifically be responsible for: 

As project 

o Defining overall project objectives; 
o Defining specific task objectives; 
o Establishing policy and procedures to ensure project and 

task objectives are met; 
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Establishing schedules for the project as a whole and for 
individual tasks; 
Developing detailed work plans; 
Obtaining technical and corporate resources as needed to 
ensure performance within budget and schedule constraints; 
Directing all site managers and technical support staff; 
Supervising and reviewing the implementation of all work; 
Approving all external reports (deliverables) prior to 
submittal to the Navy IR Program EIC; and 
Representing the project team at meetings and public 
hearings. 

Site I4anagers. The project managers will be supported by site 
managers, who will be responsible for implementing the investigation of 
the specific site to which they have been assigned. 
will specifically be responsible for: 

The site managers 

o 

o 

o 

o 

Coordinating with the project managers on a day-to-day 
basis; 
Implementing the site work plan; 
Meeting site investigation technical and QA objectives; 
Completing site work within schedule and budget guidelines; 

o Coordinating and managing site support staff; 
o Coordinating and managing site subcontractors; 
o Preparinglreviewing all site-related reports; and 
o Identifying problems at the team level and implementing 

solutions developed in conjunction with the project 
managers. 

Technical Support Staff. The technical support staff (team 
members).for this project will be drawn from E & E's pool of corporate 
resources. The technical support staff will be utilized by the project 
managers and site managers to implement project and site tasks, analyze 
data, and prepare task reports/support materials. All support personnel 
assigned to the NAS Pensacola project will be experienced professionals 
who possess the degree of specialization and technical competence 
required to effectively and efficiently perform the required work. 
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04 Director and Assistant ab Director. The OA director for the NAS 
Pensacola project will be Thomas Yeates, and the assistant OA director 
will be Russell J .  Short. As the corporate personnel responsible for 
ensuring compliance with E 6 E's Corporate QA Program, fir. Yeates and 
Mr. Short will remain independent of direct project involvement on a 

. 

day-today basis, but will have the responsibility for ensuring that all 
project-, site-, and task-specific OA/W requirements are met. They 
will have direct access to corporate 
executive staff as necessary to resolve any OA/QC problems, disputes, or 
deficiencies. Their specific functions and duties will include: 

Reviewing and approving all QA policies and procedures; 
Conducting QA ptograa indoctrination sessions for senior 
project staff ; 
Providing guidelines and information to assist in the 
development of project-, site-, and task-specific Q N O C  
policies and procedures; 
Reviewing and approving all project-related subcontracting 
and other procurement documents to ensure' inclusion of 
QA/W requirements; 
Reporting regularly to the corporate executive staff on the 
adequacy, status, and effectiveness of the project QA 
program; 
Haintaining corporate f iles of all -project-related QA/QC 
documents (wmoranda and conmunication records); 
Haintaining a file of individuals who are qualified as 
QA personnel (qualificationi, perforaancc records, and 
current project assignments); and 
Conducting randoa field and file audits to ensure that all 
required OA/W procedures are being properly implemented. 

ab Project Officer. The OA project officer for the NAS Pensacola 
project will be [lhrcia Heredith]. 
[Meredith] will be responsible the direct oversight of project-, site-, 
and task-specific QA/W activities. 
will include: 

As OA project officer, Hs. 

Her specific functions and duties 

o Providing external (to the ASC) review of analytical 
activities; 
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o Coordinating with U.S. Navy QA officers, E & E ' s  project 
managers, ASC management, and ASC staff to ensure that QA 
objectives appropriate to the project are set and that ASC 
personnel are aware of these objectives; 
Coordinating with ASC management and staff to ensure that 
QC procedures appropriate to demonstrating data validity ' 

sufficient to meet QA objectives are developed and in 
place; 
Coordinating with ASC QA staff to ensure that all QC 
procedures are followed and documented; 

in the event of QA/QC failures; and 
\ o Reporting non-conformance with either QC criteria or QA 

objectives (including an assessment of the impact on data 
quality or project objectives) -to the project managers. 

o 

o 

o Recommending, implementing, and/or reviewing actions taken 

Analytical Services Center (ASC) Director. The ASC director is 
Andrew P. Clifton. As ASC director, Mr. Clifton is responsible for all 
analytical activities. 
officer and corporate QA unit regarding all analytical QA/QC 
requirements. 

Be will closely coordinate with the QA project 

His specific functions and duties include: 

Maintaining indexed master copies of all laboratory project 
records and final reports which will list for each site the 
number of samples and media; sample receipt date, extraction 
date, analysis date, analytical instruments and methodology 
employed, current status, and status of final report; 
Maintaining copies of the E & E ' s  methods and safety manual; 
Conducting inspections in conjunction with the corporate 
QA unit and keeping written records of the inspections; for 
projects lasting less than six months, the corporate QA unit 
conducts at least one inspection; for projects lasting more 
than six months, inspections are conducted at 
least every three months; 
Maintaining written status reports on the project which 
note any problems, recommendations, and corrective actions 
taken; and 
Ensuring that all final reports are reviewed for accuracy. 

ASC llanager. The ASC manager is Gary E. Hahn. As ASC manager, Mr. 
Hahn closely coordinates with the ASC director regarding QA elements of 
specific sample analysis tasks. He reports to the ASC director and 
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. .  

works in conjunction with the QA project officer and corporate QA 

unit. His specific functions and duties include: 

0 

Developing project-, site-, and task-specific protocols in 
conjunction with the ASC director; 
Ensuring that ASC staff clearly understand their required 
tasks ; 
Ensuring that analyses are carried out in accordance with 
the specified protocol; 
Ensuring that all WQC methods are followed; 
Ensuring that all data generated during are accurately 
recorded and verified; 
Ensuring that any problems reported during monitoring by the 
QA project officer or QA unit are reported to the ASC 
director, that corrective actions are implemented, and that 
these actions are docuaented; and 
Ensuring that the study protocol, as well as the final 
report and all supporting rav data, are transferred to 
suitable archives upon completion of the study. 

ASC Coordimtor. The ASC QA coordinator is [Bay Piccione]. As 
ASC QA coordinator, [Hr. Piccione] is responsible for overseeing the QA 
prograa within the ASC, including the maintenance of all QC 

documentation. Although (Hr. Piccione] reports directly to the ASC 
director, in conjunction with the corporate QA unit [he] has the 
authority to stop work on any project in which the QC requirements are 
not being satisfied. [His] specific functions and duties include: 

Conducting independent reviews of randomly chosen laboratory 
data (up to 20% of the total); 
Reviewing and approving all OC procedures, documentation, 
and corrective actions; 
Reporting QA/QC problems to the laboratory and corporate 
QA unit; 
Reporting of QA/QC information and/or problems to the 
manager in monthly progress report; 
Maintaining the E 6, E SOP and ASC QA/QC manuals; and 
Conducting internal laboratory performance audits. 

a 
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Laboratory Data Coordinator. The ASC laboratory data coordinator 

0 is Barbara J. Krajewski. As ASC laboratory data coordinator, Ms. 
Krajewski is responsible for the oversight of USEPA CLP projects and 
other projects that involve CLP data requirements. 
liaison between the ASC director and field personnel. 
functions and duties include: 

She.also serves as a 
Her specific 

o Informing ASC personnel of all contract-specific QA/QC 
requirements, such as detection limits, QC checks, and so 
on; 

o Keeping track of CLP sample shipping dates; 
o Verifying the receipt of all required CLP samples; 
o Project tracking/control of CLP samples within the ASC; and 
o Overseeing data package preparation. 

ASC Staff. Each member of the ASC staff performs an assigned QA/QC 
or analytical function that is pertinent to, and within the scope of, 
his or her knowledge, experience, training, and aptitude. An individual 
is assigned the responsibility for checking, reviewing, or otherwise 
verifying that a sample analysis activity has been correctly performed. 
The following is a breakdown of analytical areas and their assigned 
personnel (Appendix D presents a complete ASC staff list; biographies of 
key managerial and supervisory personnel are presented in Appendix C): 
(Training procedures for analysts are included in Appendix I.] 

o Organics Group: Caryn Wojtowicz -- Group Manager. 
-- GC/MS: Cindy Stempniak -- Supervisor; Mike Scanlon, 
Joseph Bitka, Allen Hawker, Lynn Hess, Marvin Ingalsbe, 
Peter Mitchell -- Analysts. 
-- GC: . Richard Samson -- Supervisor; Deborah Andrusko, Bob' 
Ganger, Francis Ginah, Marnie Greenbie, Kathy Willy -- 
Analysts . 

o Inorganics Group: Gary Hahn -- Acting Group Manager. 

-- Metals: Rich Nagler -- Supervisor; Jim Olka, Mike 
Potter, Patricia Rosiek -- Analysts. 

-- General Analytical Chemistry: 
Supervisor; Paul Azzopardi, Dan Atherton, Thomas 
Gardner-Clayson, Seema Bhambhani -- Analysts. 

Dietmar Piekarek -- 
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-- Microscopy: Thomas Fernalld -- Supervisor; Dan Fournier, 
Lisa Ende, Kathy Murphy -- Analysts. 

The E 61 E ASC is a certified chemical and biological laboratory 
staffed by full-time scientists and technicians. 
equipped with state'-of-the-art instrumentation that allows analysis for 
the full spectrum of soil, sediment, water, air, waste, and biological 
parameters . 

The ASC facility is 

All laboratory work is performed in accordance with guidelines 
established by the USEPA, U.S. Navy Energy and Environmental Support 
Activity (NEEM), the American Public Eealth Association (APHA), and/or 
the American Society for Testing and Materials (ASTI(). 

protocol do not exist, the ASC staff develops and validates appropriate 
analytical methods.' In addition, W/QC programs are maintained for both 
the instruments and the analytical procedures used. 

When approved 

The ASC is currently certified or qualified under several different 
federal and state programs. 
provided in Table 4-1. 

A current list of ASC's certifications is 

4.2.1 Equipment 
The ASC is equipped with the most advanced instrumentation for 

fast, accurate analyses of soil, sediment, water, air, waste, and 
biological samples. Major instruments include: 

o Eewlett Packard (HP) 5995C gas chrotnatograph/mass 
spectrometer (GC/MS) with dual (packed/capillary) column 
capability; purchase date 1985. 

with a jet separator for packed columns [(five)]; purchase 
dates 1985 (one), 1986 (one), 1987 (two), [and 1990 (one)]. 

o HPlOOO computers with RTE-6 operating system, equipped with 
Aquarius software for control and data acquisition for the 
four GUMS systems listed above (three); purchase dates 1985 
(one), 1986 (one), and 1987 (one). 

o HP9144 computer with RTE-A operating system, equipped with 
Aquarius software for control and data acquisition for one 
of the GC/MS systems listed above; purchase date 1987. 

o HP5970B GC/HSs for capillary column operation, each equipped 
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Table 4-1 

ASC CERTIFICATIONS AND QUALIFICATIONS 

U.S. Air Force 

U.S. Army Corps of Engineers 

U.S. Department of the Navy 

U.S. Environmental Protection 
Agency (USEPA) 0 
National Institute of 
Occupational Safety and 
Heal t h 

National Institute of 
Standards and Technology 

American Industrial Hygiene 
Association 

New York State Department of 
Environmental Conservation 

Approved for analysis of samples in 
connection with Installation 
Restoration Program, Phase 11, 
Confirmation Studies (wastewater, 
solid waste, and hazardous/toxic waste 
evaluations). 

Approved for analysis of samples in 
connection with federal Superfund 
remedial design and construction 
projects, and for Department of 
Defense Environmental Restoration 
Program. 

Final program certification: analysis 
of,hazardous waste parameters. 
Interim program certification: Navy 
Assessment and Control of Installation 
Pollutants (NACIP) Program. 

Contract Laboratory Program (CLP) 
proficiency for organic and inorganic 
analysis of samples from nationwide 
hazardous waste sites. 

Proficiency analytical testing program 
(PAT); overall proficiency in metal, 
solvent, and airborne asbestos 
analysis . 
National Voluntary Laboratory 
Accreditation Program; interim . 
approval for bulk asbestos analysis. 

Accreditation for general analyses, 
including asbestos. 

Approved for analysis of samples 
associated with state-sponsored 
Superfund activities. Requires 
successful completion of proficiency 
sample analysis. 
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Table 4-1 (Cont.) 

New York State Department of 
Eeal t h nonpotable water, solid hazardous 

Certified for analysis of potable and 

waste and air emissions for metals, 
organics, inorganics, pesticides, and 
bacteriology. Requires successful 
completion of proficiency sample 
analysis. 

Nev York State Department 
Transportation 

State of California 
Department of Eealth 
Services 

State of Connecticut 
Department of Eealth 
Services 

State of Florida Department 
Environmental Regulation 

State of Illinois 
Environmental Protection 
&-CY 

State of Kansas Department 
Eealth and Environment 

State of Michigan Department 
of Public Health 

State of South Carolina 
Department of Health and 
Environmental Control 

Approved for analysis of hazardous 
material spill samples. 

Certificate No. 161 for hazardous 
waste testing for partial organics, 
full inorganics, and bulk asbestos; as 
well as waste extraction test. 

Approval as a public health laboratory 
for potable water, wastewater, and air 
testjng. 

Certified for analysis of drinking 
water, wastewater, and hazardous waste 
site samples pursuant to state-wide 
laboratory QA/W program. 

Certification/approval for analysis of 
organiclinorganic chemical parameters 
in accordance with USBPA CLP. 

Certification for inorganic, physical, 
chemical, and organic analyses; and 
hazardous material characterization. 

Certification for analysis of drinking 
water and wastewater. 

Reciprocal certification with 
California Certificate No. 161 for 
partial organics, full inorganics, 
bulk asbestos, and waste extraction 
test. Requires successful completion 
of proficiency sample analyses. 

State of Utah Department of 
Eeal t h chemistry laboratory. 

Certifications as environmental 

State of Wisconsin Department 
Natural Resources 

Certification for full organics and of 
inorganics and general I11 categories. 
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Tekmar LSC-2OOO liquid sample concentrators for volatile 
organic analysis (three); purchase date 1989.1 
Tekmar LSC-2 liquid sample concentrators for volatile 
organic analysis [(five)]; purchase dates 1984 (one), 1985 
[(one)], 1986 (two), and 1987 (one). 
Tekmar Model 4200 automatic heated sampler module for 
volatile soil analysis (two); purchase dates 1985 (one) and 
1988 (one). 

Tekmar Model 5010 thermal desorber for desorption of 
volatile components from air trap tubes (two); purchase 
dates 1987 (one) and 1988 (one). 
Varian Model 3700 GC with flame ionization, Hall, and 
electron capture detectors; purchase date 1980. 
Varian Model 3400 GC with dual electron capture detectors 
(eight); lease date 1989.1 
Varian Vista 6000 G C s  with electron capture and flame 
photometric, photoionization, flame ionization, and Hall 
detectors as well as capillary capability (five); purchase 
dates 1984 (one), 1985 (one), 1986 (two), and 1987 (one). 
HP5890 GC equipped with electron capture and flame 
ioniiation detectors; purchase date 1985. 

Varian DS654 data system for processing data from up to 
four GC detectors; purchase date 1987. 

Varian DS604 data systems for processing data from up to 
eight GC detectors (two); purchase dates 1986 and 1987. 

Varian 4270 computing integrator; purchase date 1985. 

Spectra-Physics (SP) 4100 and SP4270 computing integrators 
(two); purchase dates 1980 and 1984. 
HP Series - 1050 high performance liquid chromatograph with 
programmable fluorescence and variable ultraviolet 
detectors; purchase date 1990.1 
Perkin-Elmer (PE) Plasma I1 inductively coupled argon 
plasma, computer-controlled, high-speed, high-resolution 
spectrometer with PE7500 laboratory computer; purchase date 
1985. 
PE 5000 Zeeman fully automated atomic absorption 
spectrophotometer (AAS) with furnace atomizer, Zeeman 
background correction system, and autosampler; purchase 
date 1984. 

PE 3030 Zeeman AAS, fully automated for furnace analysis; 
purchase date 1987. 

PE 2830 AAS, configured for cold vapor mercury analysis; 
purchase date 1989.1 
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Dionex 20001 ion chromatograph with conductivity detector 
for anion analysis and with integrating recorder; purchase 
date 1987. 
PE700 infrared spectrophotometer with thermopile detector 
and filter-grating monochromator; purchase date 1985. 
Kjeltec Auto 1030 analyzer for amnonia and total Kjeldahl 
nitrogen by automated distillation and colorimetric 
determination of titration endpoint; purchase date 1987. 
Bausch and Lomb Spectronic 601 for all spectrophotometric 
measurements; purchase date 1987. 
HE1 (COSA), TOX-10 for total organic halogen analysis; 
purchase date 1985. 
Horibra, PIR2000 for total organic carbon analysis; 
purchase date 1985. 
Zeiss phase-contrast microscopes equipped for airborne 
fiber analysis (two); purchase date 1983. 
Reichert-Jung phase-contrast microscopes equipped for 
airborne fiber anaiysis (two); purchase date 1988. 
Nikon polarized light microscopes for bulk asbestos 
analysis (three); purchase dates 1987. 
Nikon binocular stereomicroscope for bulk asbestos 
exkination; purchase date 1988. 

In addition to the above, the ASC has available eight terminals and 
various printers connected to a multi-user Laboratory Management 
Information System (LABHIS) running on a Digital Equipment Corporation 
VAX 8700 at E h E's corporate headquarters. 
a Hielabor Hiele, 67733 dishwasher for metals and general analytical 
glassware, as well as specific ion electrodes (fluoride, cyanide, 

The ASC also has available 

nitrate, ammonia), integrators, and such other basic items as pE and 
conductivity meters. 

4.2.2 Analytical Capabilities 

The ASC is fully equipped for the analysis of all types of soil, 
sediment, water, air, waste; and biological samples for chemical 
contaminants, bacteriological quality, and general characterization. 
Proven and approved analytical techniques are used, backed up by a 
rigorous system of QA/W checks to ensure reliable and defensible data. 
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Organic analysis is accomplished by GC, [high performance liquid 
chromatography (HPLC)], and/or GC/MS. Soil, sediment, water, air, 
waste, and tissue samples are analyzed routinely for volatile organics, 
extractable organics, pesticides, polychlorinated biphenyls (PCBs), and 
other groups of compounds, as necessary. 
the ASC utilizes separatory funnel or sonication methods routinely, and 

Soxhlet or continuous extraction methods when necessary. 

For the extraction of samples, 

The ASC uses two types of instrument for analysis of metals in 
various matrices: AAS and ICAP. The various AAS techniques include 
application of flame, furnace, and cold vapor generation procedures. 
During sample preparation and analysis, ASC staff are especially careful 
to avoid the matrix interference effects to which the analysis of solid 
samples (soil, sediment, and sludge) for trace metals is particularly 
susceptible. Check standards (either USEPA-provided or National 
Institute of Standards and Technology [NISTI-traceable) are used with 
each set of prepared samples. 
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5.0 QA OBJECTIVES FOR HEASlJRFMWT DATA 

Table 5-1 summarizes the five general levels of analytical data 
quality that the USEPA has identified as being potentially applicable to 
site investigations conducted under CERCLA. 
"Sampling and Chemical Analysis Quality Assurance Requirements for the 
Navy Installation Restoration Program," NEESA specifies three general 
levels of analytical data quality (equivalent to USEPA Levels 111, IV, 
and V) that are applicable to investigations of naval facilities. These 
levels are summarized below: 

In the document entitled 

o Level C (USEPA Level 111) is applicable to sites not 
included on the National Priorities List (NPL) and not 
likely to undergo litigation, but located near populated 
areas; EPA-approved methods without a data package, but 
validated against CLP criteria, are required. 

likely to undergo litigation; full CLP methods and 
validation, together with all CLP deliverables, are 
required. 

o Level E (USEPA Level V) is applicable to non-NPL sites in a 
non-populated area; EPA methods or equivalent are required. 

o Level D (USEPA Level IV) is applicable to NPL sites that are 

The site investigations at NAS Pensacola will incorporate NEESA 
Level C and D analytical data quality, as well as USEPA Levels I and I1 
analytical data quality. Based on the QA/QC requirements specified by 
the USEPA and NEESA for the various levels of analytical data quality, 
Level C will be considered equivalent to SW-846, Third Edition, 
requirements; and Level D will be considered equivalent to CLP 
requirements. 
applicable only during the initial phase(s) of specific site 
investigations when samples will be subjected to analytical screening 
for the purposes of overall site characterization and selection of 
formal sampling/analysis locations. The specific level(s) of analytical 

USEPA Levels I and I1 analytical data quality will be 
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Table 5-1 

USEPA LBVBLS OF ABUJJTICAL MTA QUAUTT 

LEhL DATA USES TYPE OF ANALYSIS 

I -Site Characterization 
-Monitoring during 
Implementation 

-Total Organic/Inorganic 
Vapor Detection Using 
Portable Instruments 
-Field Test Kits 

I1 -Site Characterization 
-Evaluation of Alternatives 
-Engineering Design 
-Monitoring during 
Implementation 

I11 -Risk Assessment 
-Potentially Responsible 
Party (PRP) Determination 
-Site Characterization 
--Evaluation of Alternatives 
-Engineering Design 
--Monitoring during 
Implementation 

IV -Risk Assessment 
-PRP Determination 
-Evaluation of Alternatives 
-Engineering Design 

V --Risk Assessment 
-PRP Determination 

-Variety of Organics by 
GC; Inorganics by AA 
and XRP 

Tentative, but Analyte- 
Specific 
-Detection Limits Vary 
from Low Parts per 
Million to Low Parts 
per Billion 

-Identification only 

--Organics/Inorganics 
Using USEPA Procedures 
other CLP can be 
Analytc-Specific 

-RCRA Characteristic 
Tests 

-ESL Organics/Inorganics 
by GC/I(S, AA, and ICP 

-Lov Parts per Billion 
Detection Limit 

don-Conventional 

Aethod-Specific 

Aodification of 

-Appendix 8 Parameters 

Parameters 

Detection Limits 

Existing He thods 
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data quality required fdr any site or task will be ultimately decided 
upon by the Navy IR Program EIC. 

The selection of data quality objectives (DQO) for any site or task 
will follow the three-stage process outlined in the USEPA document, Data 
Quality Objectives for Remedial Response Activities. 
dictated by general level of analytical data required and may change 
throughout the remediation of any site depending on the data uses and 
needs. 

0 

The DQOs are 

In analytical terms, the DQOs for Level C and Level D are specified 
in Section 8, Analytical Procedures. 
vary greatly depending on the site, type of compounds under 
investigation, and the methods available for the analytical screening of 
these compounds. 
and the WOs rigorously established in conjunction with the US Navy EIC. 

For Level I1 analyses, the DQOs 

All screening methods should be validated before use 

All measurements will be made so as to ensure that the analytical 
results are representative of the media and conditions measured. 
otherwise specified, all data will be calculated and reported in units 
consistent with those used by other organizations reporting similar 
data to allow comparability of data bases. 
micrograms per liter (pg/L) and milligrams per liter (mg/L) for aqueous 
samples; micrograms per kilogram (pg/kg) and milligrams per kilogram 
(mglkg) for soil/sediment samples; or otherwise as applicable. Data for 
CLP analyses of soil samples will be reported in dry weight; all other 
data for soil samples will be reported on an as-received basis unless 
percent solid analysis and dry weight reporting are requested. 

Unless 

Data will be reported in 

There are five characteristics of major importance with respect to 
These characteristics are defined in the assessment of generated data. 

Sections 5.1. 

o Accuracy; 
o Precision; 
o Completeness; - 
o Representativeness; and 
o Comparability. 
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5.1 DBPIKtTIONS 

5.1.1 Accuracy 
Accuracy is the degree of agreement of aneasurement or the 

average of'several measurements with an accepted reference or "true" 
value; it is a measure of bias in the system. 

5.1.2 Precision 
Precision is the degree of mutual agreement among individual 

measurements of a given parameter under the same conditions. 

5.1.3 Completeness 
Completeness is a measure of the amount of valid data obtained from 

a measurement system compared to the amount expected to be obtained 
under correct normal conditions. 

5.1.4 Representativeness 
Representativeness expresses the degree to which.data accurately 

and precisely represent a characteristic of a population, parameter 
variations at a sampling point, a process condition, or an environmental 
condition. Careful choice and use of appropriate methods in the field 
will ensure that samples are representative. 
with water or air samples given that the components of these media are 
homgeneously dispersed. In contrast, soil and sediment contaminants 
are unlikely to be evenly distributed, and hence it is important for the 
sampler and analyst to exercise good judgment when collecting a sample. 

This is relatively easy 

5.1.5 Comparability 
Comparability expresses the confidence with which one data set can 

be compared to another. 

5.2 B L E Q A O - S  
In combination, QA and QC represent a set of procedures designed to 

produce analytical data of known and measurable quality. 
distinction between QA and OC can be made as follows: 
set of measurement procedures (spikes, blanks, replicates, calibration, 
etc.) used to provide overall evidence of the quality of a particular 

A useful 
QC represents the 
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analytical batch; QA represents the set of procedures used to ensure 
that this evidence is available and used properly to evaluate and, if 
necessary, qualify data quality. a 

For the specific sites or tasks, E & E will adopt the QA/QC 
procedures of either the USEPA CLP (as set forth in Exhibit E of the 
October 1986 Statement of Work [SOW] for organics analysis, February 
1980 revision, and SOW 7/87 for inorganics analysis) or the USEPA Office 
of Solid Waste and Emergency Response (as set forth in Chapter 1 of - Test 
Hethods for Evaluating Solid Waste, Third Edition). 

5-3. MBASURBHENT OF ANALITICAL DATA QUALITY 

5.3.1 Accuracy 

The accuracy of a particular analysis is measured by assessing its 
performance with wknownw (or control) samples. These IIknownS'? call take 
the form of USEPA- or NIST-traceable standards (usually spiked into a 
pure water matrix); laboratory-prepared solutions of target analytes in 
a pure water or sample matrix; or (in the case of GC or GC/MS analyses) 
solutions of surrogate compounds which can be spiked into every sample 
and are designed to mimic the behavior of target analytes without 
interfering with their determination. In each case, the recovery of the 
analyte is measured as a percentage, correcting for analytes known to be 
present in the original sample if necessary (as in the case of a matrix 
spike analysis). For USEPA- or NIST-supplied known solutions, this 
recovery is compared to the published data that accompany the solution. 
For E 6 E-prepared solutions, the recovery is compared to 
USEPA-developed data or E 6 E historical data AS available. 
surrogate compounds, recoveries are compared to USEPA CLP acceptable 
recovery tables. 

For 

If recoveries do not meet the required criteria, then the 
analytical data for the batch (or, in the case of surrogate compounds, 
for the individual sample) are considered potentially inaccurate. The 
analyst or hidher supervisor must initiate an investigation of the 
cause of the problem and take corrective action. 
recalibration of the instrument, reanalysis of the QC sample, reanalysis 
of the samples in the batch, or flagging the data as suspect if the 
problems cannot be resolved. For highly contaminated samples, recovery 

This can include 

0 
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of matrix spikes may depend on sample homogeneity. As a rule, analyses 
are not corrected for recovery of matrix spikes or surrogate compounds. 

Known samples are generally introduced into an analytical batch 
(< - 20 samples) at the direction of the supervisor immediately before 
extraction or analysis. Known samples are analyzed routinely (i.e., at 
the frequency. specified in the method) or whenever a specific QC problem 
is encountered. Each laboratory section has SOPS that direct the use of 
knovn samples for each method. 

5.3.2 Precision 
The precision of a particular analysis is measured by assessing its 

performance with duplicate or replicate samples. 
pairs of samples collected in the field at the same tiw/location and 
transported to the laboratory as distinct samples. Given that the 
identity of duplicate samples is sometimes not known to the ASC and 
usually not known to bench analysts, their usefulness for monitoring 
analytical precision at the bench level is limited. 

Duplicate samples are 

For most purposes, precision is determined by the analysis of 
replicate pairs (i.e., two samples prepared at the laboratory from one 
original sample). In replicate analyses, the sample chosen for 
replication often does not contain target analytes; consequently, 
quantitation of precision is impossible. 
organic analyses, replicate pairs of spiked samples, known as matrix' 
spikelmtrix spike duplicate samples, are used for precision studies. 
This has the advantage that two real positive values for a target 
analyte can be compared. 
analyses, spike samples are not applicable and only replicate samples 
are used. 

For USBPA CLP and SV-846 

For some general analytical chemistry 

Precision is calculated in terms of Relative Percent Difference 
(RPD), which is expressed as follows: 
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where XI and X2 represent the individual values found for the target 
analyte in the two replicate analyses or in the matrix spike/matrix 
spike duplicate analyses. a 

RPDs must be compared to the QC acceptance criteria or laboratory 
The analyst or hidher supervisor must control limits for the method. 

investigate the cause of RPDs that fall outside stated acceptance 
limits. This may include, for example, a visual inspection of the 

sample for nonhomogeneity, analysis of check samples, and/or review of 
QC results. 
of the data as suspect if problems cannot be resolved. 

Follow-up action may include sample reanalysis or flagging 

5.3.3 Completeness 
Completeness for each parameter is calculated as follows: 

Number of successful analyses 

Number of requested analyses 
Completeness = _____________________________ x 100. 

E C E's target value for completeness is 100% for all parameters; 
however, a completeness value of 95% is considered acceptable. 
Incomplete results may.arise due to such factors as insufficient sample 
volume for analysis or, damage to samples during shipment. Incomplete 
results for requested analyses will be reported to the NAVY EIC in 
writing with the monthly progress report. 

0 

0 

5.3.4 Representativeness 
The characteristic of representativeness is not quantifiable. 

Subjective factors that must be taken into account are as follows: 

o The degree of site homogeneity; 
o The degree of homogeneity of a sample taken from one point on a 

site; and 
o The available information on which a sampling plan is based. 

To maximize representativeness of results, sampling techniques and 
sample locations are carefully chosen so that they provide laboratory 
samples representative of both the site and the specific area. Within 
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the laboratory, precautions are taken to extract from the sample bottle 
an aliquot representative of the vhole sample. This includes premixing 
the sample in the sample container and discarding large pebbles from 
soil samples. 

5.4 WQC TARGBTS 
Target values for detection limit, percent spike recovery and 

percent "true" value of known check standards, and RPD of duplicates/ 
replicates are included in Section 9.0 (Analytical Procedures) of this 
document. It is important to note that tabulated values are not always 
attainable. For example, high contaminant concentrations, sample 
nonhomogeneity, and matrix interferences can preclude achievement of 
target detection limits or other QC criteria. 
monthly process report to the Navy IR Program BIC will indicate the 
occurrence and cause of any deviation from the tabulated detection 
limits or any other noncompliance with specified QC criteria. 

In such instances, the 
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6.0 FIELDWORK AND SAMPLING PROCEDURES 

The following sections will describe E & E ' s  approach to 
implementing the full spectrum of investigation methodologies that may 
be required for the NAS Pensacola program. 
site-specific investigation methodologies; sample types, numbers, 
locations, and analytical parameters; and modifications to any of the 
procedures specified in this GQAPP will be identified in the work plan 
and SQAPP developed for each site or site group. 

As discussed in Section 3.0, 

6.1 AIR INVESTIGATION 

Ambient air investigations at the NAS Pensacola sites may include: 

o Preliminary survey for "hot spot" volatile organic releases 
and particulate sources; 

o Determining background particulate and organic contamination 
levels and migration pathways; and 

o Identifying and quantifying potential air releases for 
hazardous substances associated with contamination sources. 

Air investigations will be implemented in two phases: preliminary 
assessment and contaminant quantification. 

6.1.1 Preliminary Survey 

thorough reconnaissance of the site prior to the initiation of 
fieldwork, and will include a survey of surface features and a surface 
volatile and particulate emissions survey. 

The preliminary assessment will be conducted in conjunction with a 

The survey of surface coverage features will encompass 
identification of those areas of the site which are covered by 
buildings, paved, vegetated, or completely exposed in order to identify 
potential source areas of volatile and/or particulate emissions. The 
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location and extent of the various site surface coverage features, as 
well as of any areas characterized by visible staining and/or exposed 
waste materials, will be carefully recorded in the site logbook and 

in detail. [Conditions that could affect windblovn contaminant 
movement, such as buildings, tree lines, and sparse vegetation, and 
conditions that could affect the future placement of sampling devices 
and a site-specific meteorological station, such as asphalt parking 
lOt8, will be recorded.] 
to establish an airborne migration pathway for contaminant releases. 
Preliminary data [from the surface volatile a d  particulate emissions 
surveys] will be reviewed and characterized with respect to historical 
background information on potential was'te types, materials and disposal 
practices in order to help identify the nature of any detected source 
areas of volatile organic and/or particulate emissions. 

Heteorological conditions will be documented 

If the results of the preliminary assessment indicate that a given 
site represents a potential source of airborne volatile and/or 
particulate contaminants, then the contaminant quantification phase of 
the air investigation will subsequently be implemented. However, the 
contaminant quantification phase will not be implemented until surface 
water, sediment, soil, groundwater, and/or waste samples have been 
collected from the potential source areas and analyzed. 
quantification of airborne contamination to be specifically directed 
toward site-related contaminants. If necessary, a meteorological 
station will be set up in conjunction with these earlier sampling phases 
in order to provide the baseline data on wind direction and speed that 
will be required for selection of perimeter monitoring locations based 
on proposed migration pathways. [(USEPA criteria for meteorological 
stations vi11 be met, and the location of the meteorological station 
will be based on siting criteria for meteorological stations listed in 
Appendix J, Section 3 of this plan. In general, the station vi11 be 
sited in a location predominantly upvind from and adjacent to a site.)] 

This will allow 

[As part of the initial reconnaissance, a] surface volatile 
emissions survey will be performed across selected unpaved areas using a 
Poxboro Organic Vapor Analyzer (OVA). Readings will be taken from 121 
inches above the surface at specified grid points in order to identify 
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potential source areas of "hot spot" volatile organic releases. 
detailed survey, including readings in the breathing zone, will be 
conducted across these potential source areas as well as across areas 

characterized by visible surface staining or exposed waste materials. 
All sample locations and readings will be carefully recorded in the site 
logbook and mapped in detail. 

A more 

To the greatest extent possible, the surface volatile emissions 
survey will be conducted at a time when ambient air conditions are such 
that the potential for volatile off-gassing is maximized. 
potential for volatile off-gassing occurs when the air temperature 
exceeds 80°F, the wind speed is below 5 miles per hour (mph), the 
preceding several days have been characterized by warm, dry weather, 
[and the SUII is shining (providing the necessary solar radiation to 
adequately warm the soil surface). Readings from the OVA should be 
compared with readings taken at a location imdiately upwind 
(background location) from the site. 
readings should be noted. 

The maximum 

Any increase in background 

During the particulate emissions survey, the use of a real-time 
particulate monitor, such as a Hini-Ram, can be used to screen areas of 
concern identified during the walk-over survey. Special attention will 
be given to areas having above-background OVA readings or visible signs 
of possible surface contamination because,such areas may represent a 
source(s) of particulate contamination which may be transported off site 
by normal air movement. 
monltor at both an upwind (background) location and at an immediately 
downwind location. 
readings for the two locations obtained during 5-minute monitoring 
periods . 
principle to determine a reading between zero and 9.99 milligrams of 
particulate matter per cubic meter of air; the unit is sensitive to 10 
micrograms (0.01 milligram) of particulates per cubic meter of air. 
The Hini-Rar takes a reading and displays the output every 10 seconds. 
The unit also calculates the time-weighted average (TVA) from the time 

Readings will be collected using a particulate 

A comparison will be performed between the average 

The Hini-Rar real-time particulate monitor uses a light scattering 
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the unit is turned on until the TVA button is pressed. 
d t o r i n g  period is implemented, the Kini-u vi11 display the average 
of 30 discrete, 10-second readings when the TUA button is pressed. 

If a %minute 

Any area vith readings that excek the USEPA 2cbaor primary 
standard for total suspaded particulates of 260 micrograms per cubic 
l e tu  of air (secondary standard-l50 micrograms per cubic meter of air) 
d d  be recorended for particulate sampling. 
discrepancy larger than 0.01 milligram betreen the TVA obtained at the 
uprind location and the TVA obtained at the d d n d  loution vould also 
indicate the need to consider the site for wticulate sampling. (Other 
factors, such as elevated levels of semi-volatile organics or pesticides 
indicated by s m l w  soia analyses mi#t also indicate the 
particulate and/or semi-volatile sampling.)] 

In addition, any 

for 

6.1.2 Volatile Orgaoic Compounds (VOC) Air Sampling 
The method of collectjng VOC samples from the air media will be 

dependent on the following criteria: 

o Required detection limits; 

o Accuracy and precision required; 

o Acceptability of-methods; 

o Analysis factors; 

o Cost; and 

o Equipment availability. 

VOC collection is achieved utilizing absorption or whole air 
sampling. 
information sources: 

The method chosen will be selected based on the following 

o EPA Compendium of Methods for the Determination of Toxic 
Organic Compounds in Ambient Air (EPA-600/4-84-041); 

o EPA Technical Assistance Document for Sampling and Analysis 
of Toxic Organic Compounds in Ambient Air 
(EPA-600/4-83-027); 
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o E & E SOP for Collection of Ambient Air Samples at Hazardous 
. Waste Sites (March, 1988); 

Whole Air Collection 
Ambient air is drawn through or pumped into a container (either 

rigid or non-rigid), over a specific period of time, then sent to a 
laboratory for analysis. The analytical process can include the 

injection of whole-air samples or cryogenically concentrating 500 mls of 
the air sample with subsequent injection into a GC with various 
detectors including MS. 

Different types of collection containers include: 

o Glass syringe' - [Grab samples and screening data only.] 
o Tedlar bags - [Grab samples and soil vapor screening.] 
o Stainless steel canisters - [Primary air sampling method 

container.] 

The use of stainless steel canisters for the collection of whole 
air samples has become more accepted in the last few years and has 
replaced tedlar bags and Tenax in many air monitoring programs. 
Compendium of Methods, Method TO-14, describes the use of canisters in 
detail [(see Appendix K).] 

EPA 

0 
[Using Hethod TO-14,] calibration of orifice or mass flow 

controller is required when using a stainless steel canister, but this 
will vary with the type and model of system. The tedlar bag system is 
also checked for constant flow using a primary standard to measure the 
positive pressure outflow of the sampling pump. 
are calibrated before and after the sampling period. 

All sampling systems 

Before sampling begins the following points must be addressed. 

o Canister vacuum must be checked and recorded. The vacuum 
must either be the same as when shipped from the lab, or if 
evacuating on-site, the vacuum must have an absolute 
pressure of < 0.05mm Bg. 

o Determine required sample volume, i.e. pressurized versus 
passivated. 
filling to approximately two-thirds their volume if a 
constant sample flow is required, depending on the 
manufacturer of the mass flow controller. 
volume is required, pressurize the canisters. 

Passively filled canisters generally allow 

If more sample 
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o Flow rates are determined so the canister is filled to less 
than 88.1 kPa (for subatmospheric), or to no greater than 
202 kPa (for pressurized), over the sample period. 

Sample volume required for analyses is usually the determining 
factor in deciding whether or not to pressurize the samples. Many times 
two or more analyses (different detectors) are required for complete 
characterization of the samples. Vhen this is the case, passive 
collection is usually not sufficient, and the more expensive pressurized 
systems are needed. 

Seals on the older canisters MY start to leak, resulting in a slow 
loss of the vacuum. In addition, obtaining samples near "dirty" areas, 
(i.e., refineries, gas stations, etc.) MY result in the canisters 
becoaing contaminated. It is for these reasons that a laboratory 
supplying the canister be capable of supplying verifiable evidence that 
the cans are clean and in proper working order, as outlined in Method 
TO-14. 
the canister with instructions for special decontamination 
consideration. 

If the collection of a 'dirty" sample is suspected, mark this on 

Sample canisters should be placed in the breathing zone unless 
conditions warrant special placement of samples. 

Solid Absorbents 
Air sampling using solid absorbents is performed by drawing ambient 

air through a cartridge containing Tenax, activated carbon, or molecular 
sieve collection media using a battery operated Gillian (or equivalent) 
sampling pump attached to the sampling media with tygon tubing. 
flow rate (in liters) and maximum sample volume collected will be 
calculated specifically regarding the media used and the contaninant(s) 
of interest. 
post-calibrated using a primary calibration standard [methoa], such as 
Buck or Gillabrator [calibration], to assure the accuracy of the sample 
volume collected. 

The 

The sampling pumps will be pre-calibrated and 

The contaminants are absorbed onto the cartridge media in the 
sampling train from air drawn through at a constant rate for a specific 
period of time. The sample cartridges are tightly sealed, stored on ice 
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and shipped to the laboratory where the compounds are thermally desorbed 
and analyzed [using] the GC/MS. Different types of absorbents include: 

o Organic polymers - Tenax G-C: High boiling (80-200°C) point 
compounds such alcohols, diols, phenols, amides, aldehydes, 
ketones, chlorinated aromatics. 

o Organic polymers - -2: Higher boiling point compounds 
( 100'-300°C) ; mostly used for stack testing. 

o Inorganic absorbents - Molecular sieve: Specific to certain 
compounds. 
molecular sieve. 

Molecule diameter matches pore diameter of 

o Carbon absorbents - Activated carbon: Use primarily with 
low [molecular weight] compounds; however, sometimes 
difficult to desorb compounds of concern; [uses solvent 
extraction that may dilute sample below detection limit.] 

Tenax G-C is considered the best all-around absorbent for VOC 
sampling. EPA's Compendium of Methods, Method TO-1 outlines sample 
collection using Tenax. In general, the sampling train should be 
mounted with the sample collection device at approximately 5 feet 
(breathing zone) unless conditions require otherwise. 

Breakthrough is one of the most common problems encountered when 
absorbents are used [in the presence of high concentrations of volatile 
organic compounds.] 
and sample time, a back-up cartridge should also be used as a 
precaution. 
of sorbent to act as a backup and to determine if bredthrough has 
occurred. ] 

0 
Aside from calculating sampling volume correctly 

[ m y  commercially available cartridges have a second area 

The collection efficiency of VOCs for absorbents is variable. 
Duplicate samples should always be used to account for this variability. 
Low flow rates also makes it difficult to detect lbw concentrations of 
VOCs in ambient concentrations. 
makes it possible to collect samples for longer periods of time, thus, 
allowing for a lower detection limit. 

The use of larger tenax cartridges 

For all types of air sampling i t  is essential that the following 
information be documented in the field logbook for each volatile organic 
sample collected: 
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Project location 
Date 
Sampler # and location 
Initial flow rate in mlslmin, Qri, which is the average of five 

observed values. 
Final flow rate in mls/min, Qrf, the average of five observed 

values. 
Average flow rate in mls/min, Oav = (Qri + Qrf)/2 
Temperature 
Barometric Pressure 
Relative Eurnidity 
Sample # 
Time on 
Time off 
Total sample time 
Picture # 
Chain of custody # 

Other meteorological conditions such as wind direction, estimated 
wind speed, amount of rainfall, cloud cover, etc., will be recorded in 
the field logbook at least twice daily during sampling. 

6.1.3 Particulate Air Sampling 

the Mini-Ram, which measures. total suspended particulate (TSP) 

. Based on preliminary screening with a particulate monitor such as 

concentrations in the ambient air, and soil scrkening data, air sampling 
may be performed to determine the specific qualitative and quantitative 
concentrations of airborne contaainants. Sampling methodologies can be 
designed to collect TSP samples for inorganic and semi-volatile organic 
analyses or the respirable fraction only of the TSP inorganics. These 
sampling methods utilize either a high-volume (ai-Vol) sampler ((1 cubic 
meter/minute)] or a Gillian Hi-Vol pump ((20 liters per minute)]. 

Hi-Vol Samplers 
Eigh-volume (hi-vol) air samplers are used in the ambient 

environment to collect suspended particulates for trace metal analysis. 
Of primary concern at most sites are airborne concentrations of [heavy 
metals such as] lead, cadmium, arsenic and other toxic elements. 

be used to determine optimal sampler locations for upwind/downwind 
All historical eeteorolagical data and site reconnaissance should 
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sampling.. [Unless othervise dictated by site conditions, the inlet to 
the hi-vol samplers will be located 2 meters above the ground surface.] 
The hi-vol samplers should be positioned around the site at four 
locations. The samplers are placed approximately twenty feet from the 
source of contamination. 
particulate (TSP) or respirable fraction particulate (SSI) samplers are 
set two to four meters apart with roof peaks aligned in the same 
direction. One of the samplers is designated as primary, and the other 
as duplicate. 
hi-vol positioned two meters above the ground surface should be at least 
twenty-five meters from the edge of the nearest traffic lane of any 
roadway-. The air inlet of the sampler should be two meters above ground 
surface in the adult breathing zone. Hi-vols should be placed at a 
distance from structures which is at least twice their height. 

Duplicate or co-located total suspended 

According to the siting criteria in 40 CFR Part 58, a 

The hi-vol samplers require standard electrical power which can be 
supplied from local businesses or residences, or from portable 
generators. If generators are used, the maximum sample period is 
approximately twelve hours. The hi-vol should be at least fifty feet 
from a gasoline powered generator and the generator placed downwind of 
the hi-vol, to prevent exhaust contamination of the samples. The 
possibility of variable wind directions will be considered when locating 
generators and monitoring hi-vol samplers. 
fuel are preferred. 

Generators using unleaded 

Other factors to consider during siting include activity on or 
around the site. Construction or remedial activities may disrupt the 
sampling procedure and result in a non-representative sample. 
addition to the siting of hi-vol units adjacent to the study area, a 
unit must be designated to collect background samples. Because i t  is 
used for comparison with concentrations in samples from the hazardous 
waste site, great care will be exercised in the selection of the 
background sampling location. The sampler would be located upwind of 
the contaminant source, at a remote location 0.25 to 1.0 miles from the 
site, and in the same airshed as the site. 
Corporation, the sampler will meet HRS criteria as a background location 

In 

According to MITRE 
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if it is laterally removed from the sfte rather-that directly upwind. 
The criteria is that the background sampler characterizes ambient 
conditions not due to the site and that it screens out alternate sources 
of contamination. 
guidelines.] 

(Appeadix L contains general air sampling location 

After determining the proper sampling location, four angle iron 
legs should be driven into the ground, and the hi-vol unit attached with 
bolts and leveled. Power connections should be secured inside the 
housing. 

calibration checks should be completed to ensure that it is fully 
functional. The hi-vol should be equipped vith a motor/blower, flow 
controller, elapsed time indicator, programmable timer, flow recorder 
urd filter holder assembly. Minimally, a working motor/blover unit and 
flow recorder is required. 
manually if necessary. 

Be'fore using any hi-vol unit in the field, operational and 

Timing and on-off operation can be done 

The motor/blower unit should be removed and inspected. All wires 
Motor brushes last for 400 to 500 hours should be properly connected. 

of operation. 
questionable or if the unit will be required to operate for over 400 
hours. Brushes must be seated properly when changed. Initially, the 
hi-vol motor should be operated at one-half voltage for about 20 
minutes. 
discarded; it is essentially an expendable item. The thread fittings 
between the filter hood and notor/blower unit should be inspected for 
tightness, cross-threading and leaks. Improper connections will cause 
inaccurate or variable flow readings. All black rubber gaskets on rhe 
filter holder faceplates should be inspected for wear and 
compressibility. A thin, hard, compressed gasket should be replaced 
because an adequate seal on the filter cannot be obtained with a gasket 
in this condition. 
otherwise replaced. All nuts, screws, latches, and the unit housing 
should be tightened. Finally, the hi-vol should be plugged in and run 

They should be replaced when their viability is 

A motor that is knovn or suspected to be broken should be 

The pen and arm assembly must be functional, or 

for a period of time to detect the development of any problems. 
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The sample period, project duration, and sampling days should be 
determined in advance. 
continuous period beginning 0800-1200 to avoid diurnal fluctuations in 
wind hrection. 
beneficial to obtain a representative sample group. 
conditions are an important factor to consider. 
all hi-vols stop and start at the same times, insofar as possible, for 
data comparability vis-a-vis wind fluctuations. 

Most hi-vol sampling is.done for a 12-hour 

The longest possible project duration will be 
Variable weather 

It is important that 

The hi-vol samplers require an intensive calibration process of the 
motor each time they are sited. A pre-calibration and post-calibration 
process is followed for every sampling exercise. 
documentation forms’can be found in the E & E SOP for Collection of 
Ambient Air Samples at Hazardous Waste Sites (March 1988) [which is 
presented in Appendix H of this document.] 
unit log, and site logbook information must be recorded completely. 

These procedures and 

The filter folder, daily 

Hi-vol samples can be analyzed for total suspended particulates 
. (TSP) and/or chemical analysis of the particulate. The filter media of 
choice for chemical analysis is cellulose which does not contain trace 
metals and is easily digested. 
gravimetric filter weighing. 
be easily desiccated to constant weight. 

TSP determination requires sensitive 
Fiberglass media is ideal because it can 

To sample particulates of respirable size only, the same hi-vol 
sampler (and sampling procedure) is used except that the standard lid is 
removed and replaced by the size selective inlet (SSI). The SSI is 
hinged to open for access to a metal plate that must be sprayed with 
silicon prior to sampling. 
particles >lourn MMAD (Mass Median Aerodynamic Diameter) so that only 
particles <10um MMAD are collected on the filter for analysis. 
plate should be removed and treated prior to initiating each sampling 
project. 
contained in Appendix N.] 

The silicon ensures complete collection of 

The 

[Additional information regarding the use of the SSI is 

The sampler must operate at 40 cubic feet per minute (cfm) to 
ensure proper size selection of the collected particulate. If, for 
example, the sampler ran at 30 cfm instead of 40 cfm, the particulate 
collected on the filter would be larger than 10 um MMAD. 
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Gillian hi-vol pumps with the capacity to pull up to 20 liters per 
minute can also be employed to sample for TSP [or other particulate 
contaminants]. The collection media used for this sampling method is a 
3 5 a  cellulose filter with 0.7 micron pore diameter housed in a 
non-conductive cassette. This sampling method does not achieve as low a 
detection level as the previously described sampling methodology, but it 

does have the advantage of portability and ease of calibration. 
Operation and calibration is similar to that of the 16v volume pump 
units. 

C6.1.4 Semi-volatile Sarpling] 
Equipment and siting requirements (similar to those] used for 

ambient inorganics are used for semi-volatile organic compounds such as 
PCBs and pesticides. 
which are collected on the cellulose filter. In addition, the 
high-volume sampler [for particulates can be] modified by attaching a 
polyurethane foam (PUP) collector downstream of the cellulose filter [or 
by use of a specific Pup sampler, the PS-11. 
any organic compounds which volatilize in the airstream passing though 
the particulate filter. 
cells of the PUP filter, which acts like a sponge, and are extracted for 
analy8is using a solvent such as hezane. 
description of the PUP m l e r  and sampling procHures. 

air sampler vhich had a 9-inch stainless steel extension mounted betveen 

the particulate filter holder and the blowr motor. 
extarsion was designed to hold three %inch-thick foar plugs to collect 
semi-volatile vapors from the ambient air as vel1 as any vapors adhered 
to particulate ratter trapped on the particulate filter. 
three PUP foam plugs vas then analyzed separately to determine to what 
degree the'semi-volatile vapors had infiltrated and, if the deepest plug 
vas found to contain semi-volatiles, to determine if the foam plugs had 

been saturated and if breakthrough had occurred. 
vas also solvent extracted to deterriw haw kch semi-volatile material 
vas still on the filter. 

The semi-volatile compounds adhere to particulates 

The PUP filter collects 

[Semi-volatile materials are trapped in the 

See Appendix 0 for a detailed 

Previous sampling methods used tbe basic particulate, high-volume 

Tbe 9-inch 

Each of the 

The particulate filter 
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This semi-volatile sampling method is quite demanding of the 
sampler motors since it requires that air be pulled through 9 inches of 
foam material. 

plugs, the sampler motors have to run almost wide open. The air pulled 
through the rotor is also used to cool the motor; therefore, motors and 
brushes b u m  up quickly and have to be replaced frequently because the 
added resistance allows only about half the air that is necessary to 
cool the motor through the foam plugs. 

In order to overcome the resistance caused by the foam 

f 

To alleviate this problem the General Metal Works model PS-1 w a s  
developed. The PS-1 uses a motor about the same size as the motor used 
in the previous particulate samplers, but it uses a smaller volume of 
foam. 
the motors. The PS-1 has no flow control so the motor runs wide open 

constantly. However, the amount of air to be pulled through the foam 
can be regulated by a bleed valve. 

Eence, the awunt of air used for sampling is sufficient to cool 

Both particulate samplers, the PS-1 or the modified hi-volume 
particulate sampler with filter holder throat extender, will provide 
adequate results.] ' 6.2 SURFACE GEOPHYSICAL SURVEYS 

A variety of geophysical survey techniques may be utilized during 
the NAS Pensacola site investigations in order to identify the presence 
of buried objects, evaluate subsurface soil lithologies, and/or 
delineate the presencelextent of soil and/or groundwater contamination. 
These data can be extremely useful in identifying potential areas of 
subsurface contamination and thereby allowing the most efficient and 
cost-effective selection of sampling locations. 
survey techniques that may be required at one or more sites include: 

Potential geophysical 

o Electromagnetic conductivity surveys; 
o Very low frequency electromagnetic surveys; 
o Metal detection; 
o Magnetometer surveys; 
o Ground penetrating radar surveys; 
o Seismic surveys; and 
o Radioactivity surveys. 
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Geophysical survey data will be collected according to sampling 
grids that will be established across the site prior to the survey 
initiation. 
feet, depending on the size of the site, type of geophysical survey 
technique, and amount of cultural interference (e.g., buildings, 
underground utilities, overhead powerlines, fences, metal scrap, etc.). 
More compact gridrpoint spacings and measurements will be employed in 
areas of anomalous readings to assist in,delineating the nature and 
extent of such anomalous areas. 
techniques also allow readings to be continuously monitored during 
traversal between formal grid points. Prior to initiation of the 
on-site surveys, a grid line will be established and measurements 
recorded at a presumed background location in the immediate site 
vicinity. All grid points and areas of anomalous readings will be 
marked and labeled in the field, surveyed, recorded, and precisely 

Initial grid point spacings will vary between 25 and 250 

Several of the potential geophysical 

rapped. 

ways: manually entered into the site logbook during the survey, or 
automatically recorded on printouts by the geophysical units during the 
survey. 
computer-generated isoline MPS (two- and three-dimensional) as well as 
in the form of strip charts. All maps and strip charts will be labeled 
according to the site and grid pattern, and signed by the field team 
leader. An interpretation of the data will accompany the MPS and strip 
charts. 

Geophysical survey data will be recorded in the field in one of two 

These data will be presented in the form of manually or 

6.2.1 Electromagnetic Conductivity (€M) Surveys 

The electromagnetic conductivity (En) geophysical technique 
measures the apparent terrain conductivity of a portion of the 
subsurface. The El4 instrument transmitter coil (dipole') is energized by 
an alternating current that generates a primary magnetic field. This 
primary magnetic field induces a secondary magnetic field in the 
subsurface that is sensed by the receiver coil (dipole). The receiver 
coil measures the ratio of the primary and secondary magnetic fields and 
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yields a reading of this ratio in millimhos per meter. .The ratio of the 
field strengths is proportional to the intercoil spacing and frequency 
of the instrument as well as to the permeability and conductivity of the 
surrounding area. 
function of instrument design or manually (intercoil spacing only), the 
field ratio represents a direct indication of apparent terrain 
conductivity. 

Apparent terrain conductivity is influenced by a number of factors, 
including: moisture content of the subsurface, presence and 
concentration of dissolved chemical species, and characteristics of the 
solid matrix (e.g., porosity, clay content, mineral composition, 
compaction, etc.). Individual EM readings reflect the combined 
influence of all of these factors averaged over the effective 
exploration depth of the instrument (the effective exploration depth 
being determined by the distance between the transmitting and receiving 
coils of the instrument at a given frequency). 
natural characteristics of the solid matrix remain constant, EM readings 
can be considered indicative of varying concentrations of adsorbed soil 
matrix contaminant species or dissolved contaminant species in 

When intercoil spacing and frequency are fixed as a 

Assuming that the 

' . groundwater. ' 

The EM surveys will be performed using the Geonics EM-31 and EM-34 
instruments. The EM-31 has effective exploration depths of 
approximately 3 and 6 meters (10 and 20 feet, respectively), depending 
on whether the coils are oriented perpendicular (horizontal coplanar 
mode) or parallel (vertical coplanar mode) to the surface (the intercoil 
spacing is fixed in this instrument). 
four readings will be recorded: one parallel and one perpendicular to 
the grid line for both the horizontal coplanar and vertical coplanar 
modes. Transition from the horizontal to vertical coplanar mode is 
implemented by simply turning the instrument on its side. 

The EM-34 has effective exploration depths of approximately 15 to 
60 meters (50 to 200 feet) depending on the intercoil spacing and 
orientation. At each EM-34 survey grid point, at least three readings 
will be recorded: at intercoil spacings of 10(32.8), 2 0 ( 6 5 . 6 ) ,  and 

At each EM-31 survey grid point, 
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40(131-.2) meters (feet) in the normal operating condition. 
survey will usually be performed only if the En-31 survey has indicated 
the presence of anomalous areas that might represent a contaminant plume 
or source area. 

The EM-34 

6.2.2 Electromagnetic Metal Detection (BII-HD) 

to confirm the absence of buried metal objects at proposed subsurface 
sampling locations. 
using one of the standard portable metal detectionlpipe locator 
instruments currently maintained by E L E. 
of the EH-31 instrument may be adjusted so as to permit its use for the 
accurate detection of buried metallic objects. Hovever, the EM-31 will 
only be employed for this purpose when practical and cost-effective 
(i.e., if it has already been mobilized in conjunction with the 
performance of an En survey elsewhere on the base and is available). 

Electromagnetic metal detection (EM-HD) will be primarily utilized 

The EM-HD measurements will usually be obtained 

On occasion, the sensitivity 

6.2.3 Hagnetometer (Hag) Surveys 

Hagnetometer (Hag) surveys will be performed using a proton 
magnetometer or gradiometer. 
of the total magnetic field at the surface of the Earth. Protons in a 
chamber within the magnetometer align with the Earth's magnetic field, 
and the number of protons that align is directly proportional to the 
intensity of the total magnetic field. The number of aligned protons is 
converted to a number (read in gammas), which represents the intensity 
of the total magnetic field at that point. 
aaterials with magnetic properties (e.g., metal drums and pipes) will 
produce anomalously high total magnetic field intensities. 
Consequently, Hag surveys can be employed to locate buried ferromagnetic 
materials. Gradiometers are basically motor magnetometers which consist 
of two stocked Hags; one measures the induced magnetic field while the 
other measures the total magnetic field. Thus a gradient between the 
two is generated at each particular station. 

Proton magnetometers measure the intensty 

The presence of buried 
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The measured intensity of the Earth's total magnetic field at a 
given point is influenced by a number of factors, including: 
occurrence of metals in subsurface lithologic materials; presence of 
man-made metal-containing objects such as buildings and pipelines; the 
permanent magnetic strength of buried metal objects; the intensity of 

the induced magnetic strength; shape, orientation, and degree of 
deterioration of any buried metal objects; and natural diurnal 

variations. 
considered when establishing the Mag survey grid and when interpreting 
the resultant data. A gradiometer measures this influence 
automatically; however, when separate proton mags are the only 
instruments available, a diurnal variation measurement station will be 
established away from all cultural features to allow quantification of 
this natural fluctuation in the Earth's magnetic field. 

natural 

The potential influence of all of these factors will be 

6.2.4 Ground Penetrating Radar (GPR) Surveys 
Ground penetrating radar (GPR) surveys will be conducted using OYO 

or GSSI GPR systems. These GPR instruments transmit high frequency 
radio waves into the subsurface via a small antenna that is moved slowly 
across the surface of the ground. 
reflected back to a receiving antenna from the interfacial surfaces 
between materials that exhibit different electrical properties. 
variations in the return signal are continuously amplified, filtered, 
processed, and recorded to produce a continuous diagrammatic 
cross-sectional "profile" of shallow subsurface 'conditions. The 
interfacial boundaries that generate reflections of the electromagnetic 
signal commonly are associated with natural geologic and hydrogeologic 
features: bedding, cavities, fractures, intrusions, variation in type 
and degree of cementation, and variation in moisture and clay content. 
The interface between subsurface soils and such buried man-made objects 
as tanks and drums can also produce a signal reflection. 
given that the presence of adsorbed or dissolved contaminant species can 
also affect the electrical properties of subsurface lithologic units, 
GPR surveys can also provide an indication of 'the presence and extent of 
subsurface contamination (especially if computer enhancement of signal 
reflection profiles is employed). 

This electromagnetic signal is 

The 

Furthermore, 
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The exploration depth of GPR surveys is highly site-specific and 
highly dependent on the specific properties if the subsurface materials. 
In particular, the presence of such electrically conductive materials as 
clays in the shallow subsurface will greatly restrict the exploration 
depth. However, the continuous profiles provided by GPR surveys offers 
the potential of obtaining substantially more detail than is possible 
from many of the alternative geophysical survey techniques. 

6.2.5 Very Lov Frequency (W) Surveys 
In the event that site conditions require definitions of vertical. 

geologic contacts or further delineation of groundwater contanination 
beyond the limits of EM, a very low frequency (VLF) survey can be . 

performed. The theory underlying VLP surveys is similar to that of EH 
surveys. The principal difference is the source of the electromagnetic 
waves. VLF antennas used for military purposes are permanently located 
at five points in the United States (including Hawaii and Puerto Rico) . 
and function as the transmitters for the survey. The electromagnetic 
waves generated by VLF antennas travel parallel to the earth's surface 
at great distances from the source and penetrate the Earth's surface 
similar to the waves generated by an En-31/EH-34 transmitter. The VLF 
instrument hence simply acts as an En-31IEH-34 receiver unit and 
measures the ratio between the primary VLF field and the secondary 
subsurface field induced by the penetrating VLF waves. 

6.2.6 Seismic Surveys 
Seismic refraction and seismic reflection techniques may be used to 

characterize and/or MP (both horizontally and vertically) subsurface 
lithologic units (e.g., water-bearing zones and confining beds), degree 
of veathering, fractures, faults, channels, depth to bedrock, and depth 
of the water table. 
where subsurface lithologic data obtained from well or exploratory 
borehole drilling logs are not available. Seismic refraction techniques 
will be employed when the objective is to delineate the nature, depth, 
thickness, and continuity of major shallow ( < 100 feet) subsurface 
lithologic units (in general, three to four units can be delineated as 
long as they exhibit progressively increasing seismic wave propagation 

These techniques are particularly useful in areas 
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velocities with depth). In contrast, seismic reflection techniques will 
be employed when refraction cannot be employed (i .e. high velocity 
layers overlying low velocity layers) the objective is to obtain more 
detailed definition of subsurface stratigraphy. 

Both the refraction and the reflection technique require that 
seismic waves be transmitted into the subsurface by a physical source 
(e.g., a man-powered sledge hammer, a mechanical device, or explosive 
charges). 
across the boundary between subsurface lithologic units that exhibit 
different seismic wave propagation velocities (as a function of such 
material properties as density and hardness). The travel time (measured 
in milliseconds as a seisnograph) between the transmitting source Hnd a 
receiver (geophone) is determined by the wave path and the material in 
which the wave is propagating. 
spaced geophones placed on the surface, the travel times associated with 
different wave paths through subsurface lithologies exhibiting different 
propagation velocities can be measured. Plotting of these travel times 
versus the corresponding source-to-geophone distances can then be used 
to determine the nature, depth, and thickness of the various subsurface 
lithologic units. 
to more than several hundred feet depending on the exploration depth of 
interest and the degree of resolution required. 

The seismic waves are refracted and reflected when they pass 

By using a linear array of equally 

Geophone spacing can be varied from just a few feet 

The exploration depth of seismic surveys is primarily a function of 
the strength and frequency of the input signal. 
mechanical devices and explosive charges must be used when information 
on deep (e.g., greater than 100 feet) subsurface features is required. 
For most applications at NAS Pensacola, use of an aluminum strike plate 
placed on the ground and a sledge hammer should be adequate. 
alternative energy sources may be employed if required. 

Consequently, 

However, 

6.2.6.1 Seismic Refraction 
Seismic refraction surveys will be performed using a multi-channel 
instrument system. 
primary seismic wave to travel from the source to each of several 
geophones, as well as the individual wave configurations. Survey lines 
will typically be established with geophones initially spaced at 10 foot 

These seismographs display the time required for the 
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intervals. If greater exploration depths are determined to be necessary 
based on the observed field response, then the entire line of geophones 
will be moved further away from the signal source and the above 
procedure repeated. 
survey line lengths on the order of five times the desired exploration 
depth may be required. 
lines may comonly be required, then seismographs can be used with more 
channels (up to 48) to increase survey efficiency. 

Depending on specific subsurface lithologies, 

Eovever, if it appears that such extended survey 

Reverse survey lines (i.e., moving the seismic vare source to the 
end of the forward survey line and duplicating the measurement set in 
the reverse direction) will be run on 20% of the forward lines or as 
required to obtain more detailed information on the nature and location 
of any laterally restricted subsurface heterogeneities revealed by the 
forward lines. 

6.2.6.2 Seismic Reflection 
By comparison, the reflection survey is capable of much deeper 

investigations with the same amount of energy used for the refraction 
method. 
10 feet, the method is more commonly applied to depths greater than 50 
to 100 feet. 
to a few thousand feet and can provide relatively detailed geologic 
sections. As with radar reflections, the vertical scale is two-way 
travel time, that is, the time it takes for a vave to travel down to an 
interface and back up to the surface again. 
converted to depth, making some assumptions on the distribution of 
seisnic velocity. 

While reflections have been obtained from depths as shallov as 

The reflection technique can be used effectively to depths 

The time scale must then be 

The two approaches currently used to obtain shallov seismic 
reflection data, both of which have evolved only over the past few 
years. These tvo methods are, the common offset (C.O.) method which was 
developed by Dr. J. Eunter of the Canadian Geological Survey; and the 
common depth point (C.D.P.) method adapted from the oil industry by Dr. 
R. Langston of Geo-Conpu-Graph, Inc., and Dr. 0. Steeples of the Kansas 
Geologic Survey. 
software, but is limited in certain geologic settings. The common depth 
point has less site specific geologic limitations, but is.more dependent 

The common offset method uses low cost equipment and 
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upon expensive hardware and software capabilities. 
methods require considerably more skill, equipment, and data processing 
to carry out a survey than the refraction method. 

Both reflection 

The seismic survey at NASP will be used to obtain data to a depth 
of at least 100 feet. Survey lines will be located base-wide. The 
precise locations will be determined during a pre-survey of the base 
prior to the seismic survey. 
is to evaluate the depth and thickness of the marine clay layers where 
borehole data does not exist, survey lines will be run in areas where 
borehole data does exist, in order to use the data as a control. 

Although the purpose of the seismic survey 

Seismic data will be recorded manually in the site logbooks and on 
printouts by the seismic unit during the survey. 
in the form of strip charts and graphs. 
will be labeled according to survey line number and will be accompanied 
by a base map showing the locations of the survey lines, and discussions 
of data interpretation. 

Data will be presented 
The strip charts and graphs 

6.2.7 Data Reduction and Interpretation 
For all above mentioned surface geophysical methods, data reduction 

and interpretation will be performed manually or with relevant computer 
software packages in the field or in-house. 
these packages which evaluate raw field data and provide hard copy 
graphic representations. In some aases, as with small surveys, manual 
evaluation methods provide adequate representation of the raw data, in a 
most efficient manner and will not require computer assisted techniques. 

after retrieval from the field. 
understanding of the subsurface site conditions, allowing adjustments to 
the continued geophysical survey, or to fine-tune the locations for soil 
borings or ground water'monitoring well installation. 

0 
E & E owns a number of 

For the most part, geophysical data will be massaged immediately 
This allows for a timely and enhanced 

6.3 RADIATION SURVEYS AND HONITORING 

Radiation surveys and monitoring are used to characterize radiation 
types and levels, and to define areas of radioactive contamination and 
external radiation. Appropriate radiation surveys must be completed 
before team members can proceed with other site investigation tasks. 
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Four background radiation measurements will be taken at least one 
mile from the site. 
intervals from the site perimeter with all instruments to be used during 
site work. Operational checks must be performed prior to instrument 
use. 

The measurements vi11 generally be taken at 90' 

(6.3.1 Personnel Training 
In order to perform vork 011 potentially radioactive sites, the site 

safety officer d radiation safety officer, vho vill be operating the 
radiation equipment, must have successfully completed I & B's +hour 
Radiation Protection Procedures and Inrestigatioa course. All other 
personnel vho vi11 be vorlring on the site m s t  have successfully 
coqleted B L B's 8-hour General Radiation Safety course. 

6.3.2 Personnel hitoring 
Maximum radiation doses to E L E personnel will be limited to the 

These limits represent 80% of the Federal values listed in Table 6-1. 
dose standards as listed in 10 CPR.20.101. 
margin is standard practice in the nuclear industry. 

This 20% reduction safety 

All team members vill wear thermoluminescent dosimeters (TLD's) on 
Pocket dosimeters will also be issued prior to site entry onto 

Team members will be monitored 
site. 
known or suspected radioactive sites. 
for radioactive contamination upon exiting the exclusion area at the hot 
line using the pancake Geiger Hueller (GM) detector. 
scintillation detector may also be used for alpha-emitting 
radionuclides. 
performed. 

The alpha 

[Rill-body-count baseline measurement will not be 
Instead, urinalysis baseline measurements will be conducted, 

vith follow-up measurements, if neces8ary.1 
At known or suspected radioactive sites, emergency information will 

include contingency plans for transport and care of personnel who are 
radioactively contaminated, and identification of a hospital or facility 
that will accept them. 

(6.3.3 Personal Protection 
At known or suspected radioactive sites, the protective clothing 

will consist of: 1) -piece coveralls such as Tyv& (may be layered 
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for extra protection); 2) neoprene gloves (two pair, layered); 3) 
neoprene safety boots; 4 )  disposable booties; 5 )  hood (if necessary); 
and 6 )  full-face APR (if necessary). 
alpha radiation is detected or if the concentration of airborne 
particulates on site reaches or exceeds the action level established by 

the health physicist. 
protection factors will be as described in 10 CPR 20, Appendix B, Table 
1. 

The full-face APR will be worn if 

The selection of APR cartridges and required 

6.3.4 Waste Disposal Hethods 

waste will be minimized and segregated from other waste. 
management decisions will determine whether it is more practical to 
dispose of an item or to dispose of decontaminated wastes. 
if any short half-life wastes exist at a site, these wastes can be held 
until they have reached unregulated levels. 
radioactive materials or waste will be the responsibility of the Navy 
and disposal methods must comply with 10 CFR 61.56.1 

At known or suspected radioactive sites, potentially radioactive 
Cost- 

For example, 

Actual disposal of 

6.3.5 Site Entry 
At known or suspected radioactive sites, a preliminary walkover 

survey will be performed using a micro-R-meter at one meter above the 
ground to approximate site team exposure. A gamma scintillation 
detector will also be used directly at ground level to locate source 
"hot spots". 
reasonable intervals (dependent on site size) and at any point where 
elevated readings are noted. 

Discrete measurements will be taken and recorded at 

The proposed support zone will be established upwind and uphill of 
the contaminated area and in an area that has background radiation 
levels (based on the preliminary survey). Areas with non-ionizing 
sources of radiation (microwave and television transmitter towers) will 
be avoided, since they can affect instrument performance. 

If radiation levels exceed 2 milliroentgen/hour (mR/hr), the 
presence of a health physicist is required and a formal gridded 
radiation survey may be necessary. If levels exceed 5 mR/hr, additional 
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work protocols will be established. 
survey equipment will have been trained by E & E corporate health 
physics personnel. 

All personnel operating radiation 

6.3.6 [Site] Characterization Survey 
The characterization survey is conducted to enable evaluation of 

radiological hazards and/or facilitate the development of remedial 
action plans. The characterization survey includes surface scans to 
identify locations of possible residual contamination. 
measurements will then be performed on .these areas usually referenced to 
a formal grid pattern. 

2 land or 1 m 

Systematic 

2 At least 5 data points for each 100 m of open 
of building surface is recommended. 

6.3.7 Sample Area Radiation Monitoring 
The sample area will be monitored to confirm that radiation levels 

remain acceptable when a site area is disturbed by sampling (generally 
applicable to soil samples). Samples may be collected when neither of 
the following criteria are exceeded: 

1. Company action levels - team members may perform sampling 
duties when the sample material radiation level does not 
exceed 5 mr/hr or a site-specific action level specified in 
the site safety plan; or 

a 

2. Laboratory acceptance. levels - each analytical laboratory 
specifies acceptable radiation limits for samples. 

The sample area can be monitored with various instruments; survey 
results will indicate the type of radiation present and thus the 
appropriate monitoring instrumentation. 
material will typically be measured with a pancake GM detector. 
sulfide alpha scintillation detector may also be used for alpha-emitting 
radionuclides such as radium-226. 
possible) of: 
the radiation survey, 2) sample material, prior to collection, and 3) 
containerized samples. The containerized sample is monitored through 
the open cap. 

Radiation levels of sample 
A zinc 

Measurements will be taken (when 
1) undisturbed sample area, if not previously included in 

Measurements will be recorded on a Sample Radiation Monitoring 
form or directly into the field logbook, at the discretion of the field 
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team leader. If a data form is used, a summary of this and other 
applicable sampling information will be recorded in the field logbook. 

6.4 SOIL EBADSPACB SURVEY 
Selected samples will be screened in the field for volatile 

organics using an organic vapor analyzer (OVA) in the survey mode. 
screening process is as follows: 

The 

o A water bath or ice chest is prepared to provide a medium in 
which to equilibrate the temperature of screening samples 
collected. 

o Samples are collected by filling 16-ounce jars with soil to 
.half the container volume, and promptly capped. 

o Following collection, each sample is promptly placed into 
the temperature equilibrating medium. As a geperal rule, 
headspace readingsowill be taken after the sample has . 
equilibrated at 20 C for a time period of 5 minutes. 

o At the end of the equilibration period for each sample, the 
container lid is removed to allow the insertion of,the OVA 
probe. 
recorded in the field notebook. 
distinguished as peaks, sustained OK unstable depending on 
the response observed. 

The readings obtained on the OVA in ppm will be 
OVA readings will be 

o The OVA screening is conducted in a sheltered area, 
affording protection from the potentially adverse affects of 
wind, precipitation and direct sunlight. 

o Because atmospheric conditions are dynamic, fluctuating to 
some degree during the course of a day, pertinent 
information such as ambient temperature, percent humidity 
and periods of sunlight or cloudiness vi11 be recorded 
during the screening investigation. 
be monitored, equilibration times adjusted, and OVA 
measurements evaluated, taking into consideration- 
atmospheric fluctuations. 

These conditions w i l l  

6.5 SOIL GAS SURVEY 
The general locations and depths of soil gas sampling locations 

will be described in the site-specific vorkplan. Exact saaple locations 
will be determined in the field, based on actual conditions at the site. 
At least one sample will be collected outside the area of contamination, 
in order to collect background data for evaluation. 
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Experience with soil gas monitoring has shown that the weather 
conditions most conducive to a successful survey are warm, dry, low-wind 
conditions following several days of warm, to hot weather. If possible, 
the survey will be planned for such conditions. 

The soil gas survey will be conducted using a perforated drive 
point method. 
appropriate length of galvanized steel pipe. A sharp, penetrating point 
is welded to the end of a pipe and perforated along the six inch section 
above the point. A threaded galvanized steel cap, with a short length 
of copper tubing penetrating the center of the cap is used to seal the 
upper end of the soil gas point and to provide a connection for sample 
tubing. 

gas sampling locations: 

The soil gas sampling point is constructed from an 

The following procedures will be implemented at each of the soil 

o A decontaminated soil gas sampling point will be driven into 
the ground to a depth several inches above the water table 
or 10 feet below land surface, whichever is shallower. 

o [Teflon] tubing will attach the soil gas point to a sample 
collection device (Tedlar bag). Additional [teflon) tubing 
will thembe used to attach the sample collection device to 
a vacuum pump. 

o At least three volumes will be evacuated from the collection 
device, tubing, and soil gas point. 

o Immediately following system purging, the sample collection 
device will be closed off at the end nearest the vacuum 
pump. [Five minutes] will be allowed for equilibration to 
occur in the sample collection device, and it will then be 
sealed. 

o The sample will be analyzed [in the field using an OVA in 
either the GC or the survey mode or in the laboratory for 
VOCs] using the 'field screening methods described in Section 
9-1. 
the sample may be pumped directly from the sampling point 
into the OVA after equilibration has been completed.] 

[If the sample is analyzed in the field using an OVA, 

o Upon completing sampling at each location, the soil gas 
sampling point will be removed. 
by the sampling point will be patched with the appropriate 
material . 

Any paved areas penetrated 
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o The sampling point will be decontaminated prior to [initial] 
use [awl betveen each -1- location. The exterior of 
themiat and shaft vi11 be vasbed vith detergent and vater 
and then rimed vith tap vater. 
methanol vi11 be used 011 the exterior a d  interior of the 
device. This will remove any volatile material that m y .  
have codcased 011 the interior surface. The -le point 
can then either be purged vith air to remove the methanol 
vapors or heated to drive the vapors off. A cbeck with 
either the OVA or BRU vi11 insure that all of the methanol 
and other volatile coatruinants have beam removed. 
tubing will be discarded after collection of each sample. 

A triple solvent rinse vitb 

Teflon] 

o Field data obtained will be recorded in a log book. 
completion of soil gas sampling at the site the data will be 
plotted on a site base map and used for assessment and 
planning of future investigative vork. 

Upon 

o A duplicate sample will be collected at a frequency of one 
for every 20 samples. 
collected at a frequency of one for every 20 males as a 
check 011 decontamination procedures.] 

[In addition, a blank aample will be 

6.6 SOIL W U N G  

6.6.1 Surface Soils 
Surface soil sampling will involve the collection of soil material 

down to a maximum depth of 12 inches. 
devices, and mixing bowls will be utilized as sampling implements. 
sampling implements, including samplers gloves, will be decontaminated 
prior to the collection of each sample. During the collection of each 

Stainless steel trowels, coring 
All 

surface sample the observable physical characteristics (e.g., color, 
odor, physical state) of the soil material vi11 be recorded. Using the 
above mentioned sampling implements the soil material will be 
transferred to an 8-ounce wide-mouth glass container. 
[nuber of containers] will be collected for subsequent analytical 
testing requirements. 

A sufficient 

Uhen composite sampling is required for surface soil samples, areas 
to be characterized by compositing will be delineated. 
sample will consist of a predetermined number of aliquots. 
aliquots will be collected to equivalent depths and [consist] of 
proportionately equal volumes. 
a stainless steel mixing bowl as a composite sample, and transferred to 
the sample container. 

Each composite 
The soil 

The aliquots will then be homogenized in 

Sampling implements will be decontaminated prior 
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to the collection of each composite sample; however, decontamination 
will not be required between the collection of the sample aliquots. 

As part of the sampling activity, field personnel will record the 
following information in the logbook as a minimum: 
sample locations, time period for each sample collection, soil 
description, and surface conditions of the surrounding area. 

description of 

In addition, all pertinent meteorological information such as 
ambient air temperature, wind velocity, barometric pressure, humidity, 
and periods of precipitation will be recorded. 

6.6.2 Subsurface Soils 
Subsurface sampling will be conducted according to standard proce- 

dures using stainless steel bucket augers and/or a drill rig equipped 
with solid-stem and hollow-stem augers, and a 2-inch diameter, 18- or 
24-inch spli t-spoon sampler, as appropriate. The spli t-spoon sampler 
will be advanced by conventional methods. This will include attachment 
of the Sampler to an AW rod and standard 140-pound hammer. Blow counts 
will be recorded at 6-inch intervals to the total sample depth of 18 or 
24 inches. 
screening results dictate halting the activity at a shallower depth. 

Borings will be drilled to depths specified unless sample 0 
When using a bucket auger, samples will be collected at 6-inch 

intervals (the length of the bucket) unless otherwise detailed in the 
site-specific workplan. 
employed, soil samples will be collected from drill cuttings as they 
rise to the top of the borehole. 
borehole prevent this type of sample collection, the augers will be 
lifted above the borehole and the soil sample will be collected directly 
from the auger flights. 

sampling method will be provided in detail in the site-specific 
workplan. 

If a drill rig with solid stem augers is 

If the nature of the material or the 

A rationale for using any particular type of sub-surface soil 

As samples are retrieved, they will be screened with an OVA and the 
EMU, if deemed necessary. Upon completion of lithologic logging, the 
sample will be placed in a clean 8-ounce jar and processed for shipment. 
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[All drilling equipment (i.e., drill rods, drill bits, auger 
flights, etc.) vi11 be sandblasted initially prior to arrival on site 
(i-e., NAS Perrsacola).] Prior to the start of the sampling work, all 
drilling tools and equipment will be washed with high-pressure steam 
equipment and rinsed with an appropriate solvent as specified in Section 
6.10 or in specialized requirements detailed in the SQAPP for a 
particular site. 
be decontaminated as specified. When samples are to be composited, 
mixing will be done using stainless steel containers and tools. 
also will be decontaminated between each use. 
appropriate, disposable equipment will be used in order to minimize 
cross-contamination. 

All drilling and sampling equipment to be reused will 

These 
Where possible and 

Upon completion of the borehole, the open hole will be backfilled 
with a grout mixture. 
drill cuttings will be used to backfill the hole. 
boreholes will be backfilled with grout if a confining or semi-confining 
unit is breached. Drill cuttings, which are not used for backfill, will 
be drummed or otherwise disposed of in accordance with applicable 
regulations and the site-specific QAPP. 

If the borehole is shallow (less than 20 feet) 
Bowever, shallow 

In some cases, subsurface soils will be composited in order to 
characterize certain depth intervals. 
proportionate volumes of soil material will be collected from a number 
of equally spaced segments within the sample interval and homogenized as ' 

a composite sample. Sample collection and homogenization will be 
conducted with stainless steel spoons, trowels, and mixing bowls. 
Decontamination of sampling implements will be conducted before the 

Several aliquots consisting of 

collection of each composite sample, but will not be required between 
the collection of individual aliquots. 

Samples to be analyzed for volatile organics will not be 
homogenized or composited; rather, select segments of soil, equal in 
volume, will be taken from each aliquot location and placed in a 40 ml 
glass vial. 

6-30 
[Bold items enclosed in brackets denote cbanges from original text] 

0081 349 



6.7 

6.7.1 Pre-Fieldwork Act ivi ties 
WULLING AND MONITORING WELL INSTALLATION 

Prior to entering the field to drill and install groundwater 
monitoring wells, drilling specifications will be prepared and submitted 
to qualified drilling subcontractors for bid solicitation. A qualified 
driller must: 1) be licensed by the State of Florida and the Northwest 
Florida Water Management District (NUFWMD); 2) have experience working 
on similar projects (this will apply both to the individual drillers in 
the field and to the drilling company as a whole); 3 )  employ personnel 
who are OSHA-certified to work on hazardous waste sites; 4 )  have the 
necessary equipment capabilities; and 5 )  be approved by the Navy. 

The necebsary permits will be obtained by the driller prior to the 
initiation of the drilling activities. Drilling activities and 
monitoring well construction will comply with regulatory and NAS 
Pensacola requirements regarding access, drilling, groundwater 
extraction, and disposal of derived wastes. In general, all drilling 
and monitoring well installation procedures will conform with the 

' Southern Division Naval Facilities Engineering Command Guidelines for 
Groundwater Monitoring Well Installation, March 1989. 0 
6.7.2 Drilling Methods 
6.7.2.1 Hollow-Stem Auger Drilling 

If possible, all boreholes for monitoring wells and split-spoon 
samples will be drilled using hollow-stem augers. 
involves advancing a bit attached to the appropriate diameter, hollow- 
stem auger without the use of any drilling fluid. 
depth is achieved, the well casing is installed through the hollow 
center of the augers. 
prevention of borehole caving; 2) the prevention of potential fluid 
circulation problems associated with other methods of drilling; 3)  the 
ability to drill without introducing any fluids into the formation. 

This drilling method 

When the desired 

The advantages of this method include: 1) 

6.7.2.2 hd-Rotary Drilling 
Deeper boreholes may require mud-rotary drilling techniques. An 

appropriately sized bit will be advanced at the end of hollow drilling 
rods. Drilling mud is pumped through the rods and out through the bit. 
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The drilling mud acts as a.lubricant for the bit, prevents borehole 
collapse by the formation of a mud cake, and carries drill cuttings away 
from the bit, subsequently forcing them to the surface. Cuttings are 
strained from the drilling mud and it is recirculated. 
contaminated zones are present, drilling mud will not be recirculated 
during drilling of deeper zones. In addition, surface casing will be 
installed to seal off the shallow zone from the borehole (see Section 
6.7.4) 

If shallow 

This technique vi11 only be used if the required depth of a 
borehole, or the hardness of a formation prevent the use of hollow-stem 
augers. All wastes associated with this process, such as drilling mud 
and cuttings, will be d r k e d ,  labeled and left on site, unless 
otherwise directed by the EIC. 

6.7.2.3 Split-Smn Sarpliw 
Split-spoon samples will be collected using 2- or 3-inch diameter, 

stainless steel split-spoon samplers that are 1.5 to 2 feet in length. 
The sampler will be attached to a rod which will then be pounded into 
the formation with a standard 140 lb. hammer to advance the spoon. 
borehole will be advanced to the depth of the spoon using hollow-stem 
augers. After the spoon has been driven to the required sample depth, 
it is retrieved and "split" open enabling the collection of a 
representative core sample. The spoon is advanced again, sampling the 
undisturbed area. 

The 

Each split-spoon core will be visually inspected by an on-site 
. geologist and sediment characteristics (e.g., lithology-, color, pariicle 

size, moisture content) will be described in the field logbook. 
collection of samples for analysis will be as described for subsurface 
soil sampling or in accordance with specific requirements described in 
the workplan and SQAPP. 

The 

Each split-spoon sampler will be completely decontaminated between 
sample intervals, using the procedures outlined in Section 6.10. 

6.7.3 Standard bnitoring Well Construction 
Unless otherwise specified in the site-specific QAPP, all 

monitoring wells will be completed with 2-inch I.D., Schedule 40 PVC 
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casing and well screen. 
flush-threaded joints. No solvents will be used as joining compounds. 
[O-rings will not be used with the flush-threaded joints; however, the 

All well casing segments will have 

@ 

threads w i l l  be sealed with Teflon tape.] 
The casing for each monitoring well will terminate in 10 feet of 

manufactured, 0.015-inch, slotted screen. The bottom of the screen 
section will have a solid PVC end cap to seal the open end and to act as 
a trap for sediment entering the well. 

The annular space of the borehole will have a minimum radius of 2 
inches from the wall of the well casing. 
with clean, medium to coarse grained sand to a level which is at least 
1 foot above the screen/casing joint. 
performed at intervals of up to 2 feet at a time in order to lessen the 
potential for bridging. If hollow-stem augers are being used, the sand 
pack will be constructed in conjunction with a slow smooth extraction of 
the augers. In the event that wells are constructed using the 
mud-rotary technique, all drilling equipment will be out of the borehole 
before the well is constructed; however, similar sand packing procedures 
will be followed to assure that the well is constructed properly. 
top of the sand pack will be sounded periodically during backfilling to 
determine its elevation above the screen, as well as to determine 
whether any bridging has occurred. 
by washing with potable water to move the pack material downward in the 
hole. 

The annulus will be backfilled 

Sand pack backfilling will be 

0 The 

Bridges will be broken by tamping or 

A 1-foot bentonite seal will be installed directly above the 
sand pack. If the seal is above the water table, bentonite pellets will 
be placed by free-fall, and will require frequent monitoring for 
bridging. 
the bentonite pellets, using a ratio of 1 gallon of water for 2 pounds 
of bentonite. 
will be placed using a' tremie pipe. The consistency of the bentonite 
slurry will be approved by the on-site geologist prior to placing the 
bentonite seal. 

Potable water-will then be poured into the borehole to wet 

If the seal is below the water table, a bentonite slurry 

The remaining annular space will be filled with grout, to a level 2 
The ratio of cement-bentonite grout components feet below land surface. 

will be 94 lbs. Portland cement to 5 lbs finely ground bentonite to 6.5 
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gallons potable water. 
and smooth consistency. 
geologist prior to placement. 
borehole with a tremie'pipe. 
at a time during grouting. 
and in such a manner as to achieve the filling of the entire annular 
space. 

100% cement, and a protective security cover will be set into the 
c-t. 

The grout slurries will be mixed to a uniform 
The consistency will be approved by the on-site 

The grout will be pumped into the . 
The auger casing will be removed a section 

The grouting will be conducted continuously 

The 2 feet of annular space above the grout will be filled with 

6.7.4 Installation of Surface Casing 
When drilling and installing monitoring wells through contaminated 

zones, the potential for establishing a dovnward conduit for 
contaminbts exists. 
casings (or surface casings) will be installed as a preventive measure 
to seal off the influence of the contaminated zone. 

Where this potential'is fokd to exist, outer 

Surface casing will be constructed of Schedule 40 PVC casing and 
will be of sufficient diameter to provide a 2-inch annular space around 
the well casing. 
been drilled using one of the methods described above to a depth that is 
well below the known contaminated zone and in or [to the top of a] 
confining/semi-confining zone, if possible. The surface casing will 

The casing will be installed in a borehole which has 

then be grouted in place and allowed to set for 24 hours before well 
drilling continues. 

6.7.S Development of Monitoring Wells 
Monitoring wells will be developed by pumping until specific 

' conductance, pH, [and clarity of the! groundrater] have stabilized. 

6.7.6 Surveying of Wells 
Following the installation of the monitoring wells, the top of the 

well casing from which water level measurements are to be taken will be 
surveyed to a vertical accuracy of 0.01 foot. 
of each well will also be surveyed to third order accuracy. 

The horizontal location 
Locations 
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will be accurately depicted on a site map. 
surveys will be tied into USGS datum. 

[Vhere possible, the] well 

6.8 GROUNDUATKRsbnPLING 
Sampling of the existing monitoring wells and newly installed 

monitoring wells will consist of the following four activities: 

o Measurement of depth to water level and total depth of the 
well (to calculate well volume); 

o Evacuation of static water (purging); 

o Measurement and recording of groundwater temperature, pH, 
, and conductivity; and 

o Collection of the sample. 

Sampling of residential and public supply wells will involve the 
following: 

o Estimation of the standing water column based on a known or 
estimated well depth and a known or estimated water level, 
in addition to determining the volume of any holding tanks 
which may be in place between the well and the sampling 
locat ion; 

o Evacuation of the static water (purging); 

o Measurement and recording of groundwater temperature, pH, 
and conductivity; and 

o Collection of the sample. 

These activities are described below. 

6.8.1 Measurement of Uater Level and Well Volume 

Prior to sampling, the static water level and total depth of the 
Care will be well will be measured with a calibrated, weighted tape. 

taken to decontaminate equipment between uses to avoid cross- 
contamination of wells. 
these values will be determined from background information obtained. 

For residential wells and public supply wells, 
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If the information is unavailable, estimates will be made based on 
interviews with the resident or in the case of the public supply well, 
the appropriate municipal authority. 

The number of linear feet of static water (the standing water 
column) will be determined by calculating the difference between the 
static water level 
will be calculated 

and the total depth of the well. The static volume 
using the formula: 

V = Tr2(0.163) 

Where: 

V = Static volume of well in gallons; 

T = Standing water column, measured in feet; 

r = Inside radius of well casing in inches; and 

A constant conversion factor which compensates for 2 0.163 = 
lu h factor for the conversion of the casing radius 

from inches to feet, the conversion of cubic feet to 
gallons, and R (pi). 

When possible, groundwater samples collected from residential and 
public supply wells will be taken from an outlet or faucet nearest the 
vell. If there is a holding tank betveen the well and the faucet, 
purging of the well must include at least one volume of the holding 
tank. 

All information concerning the purging of static water will be 
recorded for each well. [In addition, any iriscibles (i-e., sinkers 
and/or floaters) in vells vi11 be detected wing an oilhater interface 
probe. J 

6.8.2 Purging Static Water 
Before a groundwater sample is obtained, the static water must be 

purged to ensure that a representative groundwater sample is taken. A 
minimum of three volumes of the standing water column will be purged 
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from the well prior' to collecting the samples. 
will continue until groundwater temperature, pH, and specific 
conductance have stabilized for three consecutive measurements.] If the 
well does not recover quickly enough to permit the removal of three 
static water volumes, the well will be pumped or bailed dry and sampled 

immediately following a sufficient recovery. Purging will be performed 

using decontaminated stainless steel or Teflon bailers, dedicated PVC 

bailers, or pumps. The water removed from the well during the purging 
process will be discarded on the ground surface away from the well, or 
as otherwise directed in the SQAPP. 

[Honitoring well purging 

0 
* 

6.8.3 Sample Collection 
Sampling personnel will take precautions against cross-contami- 

nation when using one sampling apparatus for a series of samples. 
possible, "clean" or "background" samples will be taken first. Before 
and after each sample is taken, the apparatus will be decontaminated as 

If 

\ specified in Section 6.10. Sample collection procedures are as follows: 

o A decontaminated stainless steel or Teflon bailer, or a 

Only decontaminated 
dedicated PVC bailer will be used to collect the groundwater 
samples from PVC monitoring wells. 
stainless steel or Teflon bailers will be used to collect 
samples from stainless steel wells. 

0 

o [Groundwater samples from] residential [and/or public . 

supply] well[s] will be collected' from existing plumbing as 
close as possible to the pump and prior to any water 
[treatment system, if possible]. 

o When transferring water from the bailer to sample contain- 
ers, care will be taken to avoid agitating the sample, which 
promotes the loss of volatile constituents. 

o Samples to be analyzed for dissolved metals will be filtered 
in the field using a .45-micron filter and preserved with 
nitric acid prior to shipment for analysis. 
equipment will be decontaminated between samples to avoid 
cross contamination. [Corresponding total metals samples 
will be collected where dissolved (filtered) metals are 
collected.] 

The filtering 

o Samples to be analyzed for total metals will not be field 
filtered, but will be preserved with nitric acid prior to 
shipment for analysis. 
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o Any observable physical characteristics of the groundwater 
(e.g., color, sheen, odor, turbidity,) as it is being sam- 
pled will be recorded in the logbook. 

o Sample temperature, pH, and specific conductance vi11 be 
measured and recorded [for each groundvater sample 
Collected. ] 

o Veather conditions (e.g., air temperature, windy conditions, 
recent heavy rainfall, drought conditions) at the time of 
sampling will be recorded. 

6.9 SURFACB WA"ER/SBDIIIEIR SAllPIJNG 

6.9.1 Surface Vater Sampling 
Surface water samples will be collected in accordance with the 

following procedures: 

I 

0 

0 

0 

0 

0 

0 

0 

0 

A pre-cleaned, widemouthed glass bottle or stainless steel 
cup to be used for sample collection will be submerged into 
the surface water and rinsed three times. The bottle will 
then be submerged to collect the sample. 

The sample will be collected in such a manner as to minimize 
agitation of the water. 
volatile organics and increases the dissolved oxygen 
content. . 

Samples will be taken at depth by Kemmerer bottle or similar 
device designed to open and close at the required depth. 

Agitation promotes the loss of 

The water sample will be transferred into the appropriate 
bottles required for chemical analyses. 

The temperature, pH, and specific conductance of the water 
will be measured and, if necessary, stream current velocity 
(cubic feetisecond) will be estimated and recorded at the 
time the sample is taken. 

Any observable physical characteristics of the surface water 
(e.g., color, odor, tukbidity) during the sampling period 
will be recorded. 

Veather conditions (e.g., air temperature, wind direction 
and velocity, recent heavy rainfalls, and drought 
conditions) at the time of sampling will be recorded. 

Certain vorkplan requirements may entail the compositing of 
surface water samples. 
be collected from predetermined locations in order to 
characterize an area of a surface water body, a length 

Several al9quots of equal volume may 
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interval of a stream channel, or various depths. Collection 
of the aliquots will be combined in a suitable pot or bottle 
as a composite sample. During the compositing process, 
measures will be taken to protect the sample from wind, 
dust, rainfall, temperature variations, and other outside 
factors. 

6.9.2 Sediment Sampling 
Sediment samples will be collected using an Ekman dredge, stainless 

steel corers, bucket augers, or other standard equipment. 
described for soil sampling in sections 6.5 and 6.6 will apply to 
sediment sampling activities as well. 

Techniques 

6.10 [BQUIPHENT] D B C 0 " A T I O N  

Sampling methods and equipment have been chosen to minimize decon- 
tamination requirements and the possibility of cross-contamination. 
which cannot be effectively decontaminated such as sample tubing, rope, 
etc., will be disposed of after sampling. [As stated in Section 6.6.2, 
all drilling equipment (i.e., drill rods, drill bits, auger flights, 
etc.) will be sandblasted before arrival on site (i.e., NAS Pensacola).] 
Unless otherwise specified in the SQAPP and workplan, the decontami- 
nation procedure of investigation/sampling equipment will be as follows: 

Any 

o Steam clean [and wire brush] (drilling equipment only); 

o [Clean with tap water and laboratory detergent (e.g., 
Alconox) using a brush if necessary to remove particulate 
matter and surface films; 

o Rinse with tap water; 

o Rinse twice with nanograde isopropanol; 

o Rinse with organic-free water and allow to air dry; 

o If organic-free water is not available, allow equipment to 
air dry as long as possible after isopropanol rinse; 

o If equipment is to be stored or transported, wrap with 
aluminum foil to prevent contamination.] 

PVC sampling implements (bailers) will be dedicated and hence only 
involve the decontamination regimen described above prior to dedication. 
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Teflon implements used for the collection of samples for [organic 
capounds and/or] metals analysis will require the following 
decontamination procedure: 

o [Clean vith tap vater and laboratory detergent (e.g-, Alconox) 
using a bruqh if necessary to remove particulate matter and 
surface f i b ;  

o Rinse vith tap vater; 

o Rinse vith 10% nitric acid solution; 

o Rinse vith tap water; 

o Rinse tvice vith nanograde isopropanol; 

o Rinse vith organic-free water and allov to air dry; 

o If organic-free water is not available, allow equipment to air dry 
as long as possible after isopropanol rinse; 

o Wrap vith aluminum foil.] 

All investigation-derived waste will be contained in labeled 
55-gallon drums. Arrangements will be made to transport the drums to a 
waste storage area on the Naval Air Station. 

6.11 SdlIPLg (XNTAIMRttS 
The volumes and containers required for the sampling activities are 

included in Tables 6-2 through 6-4. 
obtained from an approved retail source, such as I-Chem, [that prepares 
containers in accordance with USBPA bottle washing procedures.] 
containers will be series [3000] which are pre-cleaned, [and are] 
subject to a quality control analysis. 
Teflon-lined caps.] 

obtained in the field directly from I-Chem in sealed boxes. 

sample containers are shipped from the ASC, a trip blank will be 
included with each cooler containing volatile organic compound sample 
containers. 
Field Personnel Chain-of-Custody Documentation and Quality Assurance/ 
Quality Control Procedures Manual, July 1987. 

All sample containers will be 

The 

[All glass contrhers vi11 have 
The bottles will be shipped from the ASC or 

If the 

These procedures are incorporated in E 6 E's Laboratory and 
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Tablo 6-2 

mub.r of Containorm 
mE. of Tqpa md Sir. md Samplo V o l u m  
.uly.i. of containor ( v r  s m q l o )  

Purgoablo 
(Volatile) Organic6 

4- or 8-08. glass jar with 
Toflon-linod cap 

Pxtractablo Organics, 8-0r. glass jar with 
PCBs, Posti,cidos Toflon-linod cap 

Motalw 8-ox. glass jar  with 
Toflon-linod cap 

Cyanidos &or. glass jar with 
Toflon-linod cap 

2,3,7,8-TCDD' 8-or. glass jar with 
Toflon-linod cap 

on. (1); fill complotoly, 
no air spaco 

On. (1); fill complotoly 

On. (1): fill half-full 

On. (1); fill complotoly 

On. (1) ;  fill complotoly 

0 *2,3,7,8-TCDD (totrachlorodibonrodioxins) is a subcontractod analysis. 

Noto: 1) All ramplo bottlos will bo propared in accordanco with USEPA bottlo washing proceduros. 
Thoso procoduros aro incorposatod in E & E's Laboratory and Fiold Porsonnol 
Chain-of-Custody Documontation and Quality Assuranco/Quality Control Procoduros Manual, 
July 1987. 

2) Sovoral typos of analysos may bo performod on samplos from tho samo containor deponding 
on sarplo sir. roquiromonts. 

8 

3 )  Samplo pCOSOrVatiOn and holding timos aro prosentod in Tablos 7-1 and 7-2. 
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-10 6-3 

- of 
--is 

Purgoablo 
(Volatile) organics 

Extractable Organics, 
PCbs, Pomticidos 

notal. 

cg.ni8.s 

Potrolo\tr Hydrocarbons 

Two (2): ill1 co9pl.t.ly; 
no air spaco 

1/2-gallon arb.r glass bot- Two (2): total volun approx. 
tlos with Tetlorlinod caps 1 gallon; fill 7/8 full 

1-litor polyothylono bottlo On. ( I ) ;  fill 7 / 8  full 
with polyothylono-linod cap 

1-litor polyothylono bottlo On. (1); fill 7/8 full 
w i t h  polyothyl.ao-linod cap 

1-liter .&or glass bottlo On. (1); fill co9plotoly 
with [Toflon]-linod cap 

Noto: All sup10 bottlos will bo proparod in accor&nco with OSLPA bottlo washing procoduros. 
Tboso procoduros aro incorporated in I C I's Laboratory and ?iold Pot~onaol Ch8in-of-Custody 
Documontation and Quality A.suranco/Quality Control Procoduros Hanual, July 1987. 
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Tablo 6-4 

mmbor of Containors 
211p. of Typo and Sir. and Samplo V o l w  
-8-i. of Containor (p.r damplo) 

Total Organic Carbon 

sul f id. 

Acidity 
Alkalinity 
PH 
Disaolvod Solids 
Suapondod Solids 

Ha rdnoss 

#it ra to 

Total Phon01 

125-rl polyothylono bottlo on. (1); fill complotoly 
with polyothylono-linod cap 

1-litor polyethylone bottlo One (1); fill completely, 
with polyothylone-linod cap no air spaco 

1-litor polyothylono bottlo on. (1); fill complotely 
with polyothylene-linod cap 
(Hultiplo analysos) a11 
from on. bottlo 

1-litor polyothylono bottlo 
with polyothylono-lined cap 

1-litor polyothyleno bottle 
with polyothyleno-lined cap 

1-litor polyothylono bottle 
with polyethylono-lined cap 

1-litor polyothylone bottlo 
with polyothylene-linod cap 

1-litor polyothylone bottlo 
with polyothylono-lined cap 

I 

One (I); fill 7/8 full, or 
can take out of metals bottle 

on. (1): tiii completely 

On. (1); fill completely 

on. (1); fill completely 

On. (1): fill completely 

1-litor ambor glass bottlo One (1): fill completely 
with [Toflon]-linod cap 

Diasolved Oxygon BOD bottle One (1); fill completely 

Total Organic Halogon - 1-liter aabor glass bottle One (1): fill completely, 
(TOXI  with [Toflon]-linod cap no air spaco 

Ammonia-nitrogon 

BODg 

1-liter polyethylene bottlo One (1); fill completely 
with polyothylone-lined cap 

1-liter polyethylene bottle One (1); fill complotely 
with polyothylone-lined cap 
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COD 

Color 

Fluorido 

Total Kjoldahl litrogon 

8.xa.al.nt Chromiur 

Xorcury 

Oil and Qrooso 

1 125-11 polyothylono bottlo 
with polyothylontlinod cap 

1-litor polyothylono bottlo 
with polyothylono-linod cap 

1-litor polyothylono bottlo 
with polyothylono-linod cap 

1-litor polyothylono bottlo 
with polyothylontlinod cap 

1 115-11 polyothylono bottlo 
with polyothylontlinod cap 

1-,litor polyothylono bottlo 
with polyothylono-linod cap 

1-litor ambor glaaa bottlo 
with [Ntloa]-lfnod cap 

Total R.covorab10 Hydrocarbon8 1-litor ambor glaa8 bottlo 
with [~floal-linod cap 

Orthophoaphato 

Total phoaphorus 

Spocific Conductanco 

Turbidity 

SUlf it. 

1-litor polyothylono bottlo 
with polyothylono-linod cap 

1-litor polyothylono bottlo 
with polyothylono-linod ctp 

1-litor polyothylono bottlo 
with polyothylono-linod cap 

1-litor polyothylono bottlo 
with polyethylono-linod c ~ p  

1-litor polyothylono bottlo 
with polyothylonclinod cap 

On. (1): fill complotoly 

On. (1): fill corplotoly 

On. (1); fill corplotoly 

On0 (I); fill coDpl.t.ly 

On. (1); fill corplotoly 

On. (1): fill co1plot.ly 

on. (1): fill corpl.t.ly 

On. (1): fill complotoly 

On. (I): fill compl.toly 

On. (1); fill co1pl.t.ly 

On. (1): fill complotoly 

On. (1); fill compl.t.ly 

O a m  (1); fill corplotoly 

-to: Soooral typos of analysos u y  bo porforwd on samplos from tho s a w  containor doponding on 
proaorvativo (6.0 Soction 7.4) and salplo six. roquirownts. 
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6.12 FIELD WQC W L B S  

In general, the preparation of field QA/QC samples will be in 
accordance with Naval Energy and Environmental Support Activity (NEESA) 

0 
Sampling and Chemical Analysis Quality Assurance Requirements for the 
Navy Installation Restoration Program, June 1988, the Florida Department 
of Environmental Regulation (FDER) draft directive Field Quality Control 

Blanks, and established USEPA guidelines. 
During the collection of samples to be analyzed for laboratory 

screening parameters (see Section 9.1), field QA/QC samples will consist 
of approximately one field duplicate sample per 20 samples per medium 
sampled per sampling event per site. No other field control samples 
will be prepared for analytical screening samples. 

During the collection of samples to be analyzed for non-screening 
laboratory parameters field QA/QC samples will be collected as follows: 

o Trip blanks - One per day per sampling event per site; 
o Equipment rinsates - one per medium sampled per day per sampling 

event per site; 

Field blanks - one per sampling event per site; 

Preservative blanks - One per sampling event per site; and] 

o 

( 0  

o Duplicates - one per 10 samples per medium sampled per sampling 
event per site. 

Trip blanks will be analyzed for volatile organic compounds only. 
Duplicates and equipment rinsates will be analyzed for the same 
parameters as the samples for which they were prepared. 
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7. SAHPLE CUSTODY 

This section describes standard operating procedures for sample 
identification and chain-of-custody to be utilized for all NASP field 
activities. The purpose of these procedures is to ensure that the 
quality of the samples is maintained during their collection, trans- 
portation, and storage through analysis. All chain-of-custody require- 
ments comply with standard operating procedures indicated in USEPA 
sample handling protocol. All sample control and chain-of-custody 
procedures applicable to the E & E ASC are presented in E & E's 
Laboratory and Field Personnel Chain-of-Custody Documentation and Qual- 
ity Assurance/Quality Control Procedures Manual, July 1987. The manual 
is currently under revision to incorporate the use of a computerized 
system, LABHIS, for sample tracking. In the interim, SOPS describing 
LABHIS procedures have been developed, these are included in Appendix E. i )  

Sample identification documents must be carefully prepared so that 
sample identification and chain-of-custody can be maintained and sample 
disposition controlled. Sample identification documents include: 

o Field notebooks, 

o Sample label, 

o Custody seals, and 

o Chain-of-custody records. 

7 1 CHAIN-OF-CUSTODY 

The primary objective of the chain-of-custody procedures is to pro- 
vide an accurate written or computerized record that can be used to 
trace the possession and handling of a.sample from collection to comple- 
tion of all required analyses. A sample is in custody if it is: 
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o In someonefs physical possession; 

o In someone's view; 

o Locked up; or 

o Kept in a secured area that is restricted to authorized 
personnel. 

7.1.1 Field Custody Procedures 

o As few persons as possible should handle samples. 

o Sample bottles must be obtained precleaned from an approved 
retail source such as I-Chem. Coolers or boxes containing 
cleaned bottles should be sealed vith a custody tape seal 
during transport to the field or while in storage prior to 
use. Saaple bottles from unsealed coolers or boxes, or 
which appear to have been tampered vith will not be used. 

o The sample collector is personally responsible for the care 
and custody of samples collected until they are transferred 
to another person or dispatched properly under chain-of- 
custody rules. 

o The sample collector will record sample data in the field 
notebook. 

o The site team leader will determine whether proper custody 
procedures were followed during the fieldwork and decide if 
additional samples are required. 

7.1.2 Sample Tags 
Sample tags attached to or affixed around the sample container must 

be wed to properly identify all samples collected in the field. The 
sample tags are to be placed on the bottles so as not to obscure any 
OA/W lot numbers on the bottles; sample information must be printed in 
a legible manner using waterproof ink. 
sufficient to enable cross-reference vith the logbook. For chain-of- 
custody purposes, all QC samples are subject to exactly the same cus- 
todial procedures and documentation as "real" samples. 
for an example sample label.) 

Field identification must be 

(See Appendix F 
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7.1 . 3 - Chain-of -01s tody Record 
The chain-of-custody record must be fully completed at least in 

duplicate by the field technician who has been designated by the project 
manager as.responsible for sample shipment to the appropriate laboratory 
for analysis. (See Appendix F, Custody Forms.) In addition, if samples 

a 

are'known to require rapid turnaround in the laboratory because of . 

project time constraints or analytical concerns (e.g., extraction time 
or sample retention period limitations, etc.), the person completing the 
chain-of-custody record should note these constraints in the "Remarks" 
section of the custody record. 
any special preservation techniques or whether the samples need to be 
filtered. 

The custody record should also indicate 

7.1.4 Transfer of Custody and Shipment 

o The coolers in which the samples are packed must be sealed 
and accompanied by a chain-of-custody record. 
transferring samples, the individuals relinquishing and 
receiving them must sign, date, and note the time on the 
chain-of-custody record. 
custody transfer. 

When 

This record documents sample 

o Samples must be dispatched to the ASC for analysis with a 
separate chain-of-custody record accompanying each ship- 
ment. 
seals for shipment to the laboratory. The method of ship- 
ment, name of courier, and other pertinent information are 
entered in the "Remarks" section of the chain-of-custody 
record. 

Shipping containers must be sealed with custody 

o All shipments must be accompanied by the chain-of-custody 
record identifying their contents. 
accompanies the shipment. 
appropriately to the site team leader and project manager. 

If sent by mail, the package is registered with return 
receipt requested. If sent by common carrier, a bill of 
lading is used. Freight bills, Postal Service receipts, 
and bills of lading are retained as part of the permanent 
documentation. 

The original record 
The other copies are distributed 

o 

[o Shipments of radioactive samples will conform to U.S. 
Department of Transportation and any other applicable 
regulations.] 
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7.1.5 Laboratory Custody Procedures 
A sample custodian accepts custody of the shipped samples from the 

carrier and enters preliminary information about the package into the 
Package Receipt Log, including the initials of the person delivering the 
'package and the status of the custody seals on the coolers (i.e., broken 
vs. unbroken). The custodian responsible for sample log-in will open 
the package, check the contents, and verify that the information on the 
chain-of-custody agrees with samples received. 
to shipment, pickup, and courier must be entered into the "Remarks" 
section of the chain-of-custody record. The custodian will also 
document the temperature of the cooler, pE of samples in the shipment 
and the general condition of the sample containers. 
enters the client and client sample identification information into 
LABHIS using procedures specified in the sample log-in SOP (see Appendix 
E). In addition, the custodian will note the status of the custody 
seals on the sample containers (i.e., broken Vs. unbroken) and will 

Pertinent information as 

The custodian then 

enter this information into LABUIS. 

Each sample is assigned a unique laboratory identification number 
and a bar code label is generated for each container associated with 
that sbple. 
the ASC by simply scanning the bar code every time the sample is taken 
or returned to sample management. A computer audit of the sample 
container will list all of these transactions as well as the analyst or 
custodian handling the sample. 
log-in will complete the package receipt log and generate a hard-copy 
sample log for the shipment. 

The bar code label allows easy tracking of samples within 

The custodian responsible for sample 

Any discrepancy or improper preservation 
.will be noted by the ASC as an out-of-control event and will be 
documented on a QA/W discrepancy form (provided in Appendix E) with the 
corrective action taken. 

7.1.6 Custody Seals 
Custody seals are preprinted adhesive-backed seals with security 

slots designed to break if the seals are disturbed. A custody seal is 
placed over the cap of individual sample bottles by the sampling tech- 
nician. Sample shipping containers (coolers, cardboard boxes, etc., as 
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appropriate) are sealed in as many places as necessary to ensure secu- 
rity. 
laboratory, the custodian must check (and certify, by completing package 
receipt log and LABHIS entries) that seals on boxes and bottles are 
intact. 
seals are not accidentally broken during shipment. 

Seals must be signed and dated before use. On receipt at the 

Strapping tape should be placed over the seals to ensure that 

7.2 DOCMENTATION 

7.2.1 Sample Identification 
All containers of samples collected from the project will be iden, 

tified using the following format on a label or tag fixed to the sample 
container (labels are to be covered with Mylar tape): 

P-XX-S/W-YYY-A-O/D 

0 P- 

o xx- 
0 s/w- 

0 wy- 

o A- 

o O/D- 

Identified the sample as originating from the NAS 
Pensacola project . 
Numerical site designation (01-37). 

An "S" designates a soil/sediment sample; ICW" identifies 
it as a water sample. 

Indicates the sample location number (001-999). 

Indicates the depth interval for multiple depth sample 
collection at a single location (A-Z). 

"0" designates an original sample; "D" identifies it as a 
duplicate. 

For example, a soil sample collected from the second sample depth 
interval in a soil boring at Site 17 would be identified as P17S001BO. 

Each sample will be labeled, chemically preserved, if required and 
sealed immediately after collection. 
containers, labels will be filled out prior to sample collection. The 

sample label will be filled out using waterproof ink and will be firmly 
affixed to the sample containers and protected with Mylar tape. The 
sample label will give the following information: 

To minimize handling of sample 

o Name of sampler, 

o Date and time of collection, 
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o Sahple number, 

o Analysis required, 

o pR, and 

o Preservation. 

7.2.2 Daily Logs 
Daily logs and data forms are necessary to provide sufficient data 

and observations to enable participants to reconstruct events that 
occurred during the project and to refresh the memory of the field per- 
sonnel if called upon to give testimony during legal proceedings. All 
daily logs will be kept in a bound waterproof notebook containing num- 
bered pages. 
signed. Corrections will be 
made according to the procedures given at the end of this section. 
daily logs will include a site log and a task log. 

All entries will be made in waterproof ink, dated, and 
No pages will be remved for any reason. 

The 

The Site Log is the responsibility of the site team leader and will 
include a complete summary of the day's activity at the site. 

The Task Log will include: 

o Name of person making entry (signature). 

o Names of team members on-site. 

o Levels of personnel protection: 

- Level of protection originally used; 

- Changes in protection, if required; and 
- Reasons for changes. 

o Time spent collecting samples. 

o Documentation on samples taken, including: 

- Sampling location and depth station numbers; 

- Sampling date and time, sampling personnel; 
- Type of sample (grab, composite, etc.);'and 
- Sample matrix. 
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o On-site measurement data. 

o Field observations and remarks. 

o Weather conditions, wind direction, etc. 

o Unusual circumstances or difficulties. 

o Initials of person recording the information. 

7.2.3 Corrections to Documentation 
Notebook 

As with any data logbooks, no pages will be removed for any reason. 
If corrections are necessary, these must be made by drawing a single 
line through the original entry (so that the original entry can still be 
read) and writing the corrected entry alongside. The correction must be 
initialed and dated. 
explaining the correction. 

Host corrected errors will require a footnote 

Sarpling Forms 

As previously stated, all sample identification tags, chain-of- 
custody records, and other forms must be written in waterproof ink. 
none of these documents are to be destroyed or thrown away, even if they 
are illegible or contain inaccuracies that require a replacement docu- 
men t . 

e 

If an error is made on a document, the individual responsible for 
preparation of the document may make corrections by crossing a line 
through the error and entering the corrected information. 
information should not be obliterated. 
on a document should be corrected by the person who made the entry. 
corrections must be initialed and dated. 

The incorrect 
Any subsequent error discovered 

All 

7.2.4 Photographs . 
Photographs will be taken as directed by the team leader. Docu- 

mentation of a photograph is crucial to its validity as a representation 
of an existing situation. 
the task log concerning photographs: 

The following information will be noted in 
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o Date, time, location photograph was taken; 

o Photographer (signature); 

o Weather conditions; 

o Description of photograph taken; 

o Reasons why photograph was taken; 

o Sequential number-of the photograph and the film roll 
number; and 

o Camera lens system used. 

After the photographs have been developed, the information recordFd 
in the field notebook will be transferred to the back of the photographs 
and signed by the photographer. 

7.3 SmPLE iiANDLING, PACxAGmG, m SBIPPIWG 
The transportation and handling of samples must ,e accomplished in 

a manner that not only protects the integrity of the sample, but also 
prevents any detrimental effects due to the possible hazardous nature of 
samples. Regulations for packaging, marking, labeling, and shipping 
hazardous materials are promulgated by the United States Department of 
Transportation (DOT) in the Code of Federal Regulations, 49 CPR 171 
through 177. 

All chain-of-custody requirements must comply with standard oper- 
ating procedures in the USEPA sample handling protocol. 
trol and chain-of-custody procedures applicable to the B & E ASC are 
presented in E S E ' s  Laboratory and Field Personnel Chain-of-Custody 
Documentation and Quality Assurance/Quality Control Procedures Manual, 
July 1987 and internal standard operating procedures included in 
Appendix E. 

All sample con- 

7.3.1 Sample Packaging 
Samples must be packaged carefully to avoid breakage or contami- 

nation and must be shipped to the laboratory at proper temperatures. 
The following sample packaging requirements will be folloved: 
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0 

0 

0 

0 

0 

0 

Sample bottle lids must never be mixed. 
must stay with the original containers. 

All sample lids 

The sample volume level can be marked by placing the top of 
the label at the appropriate sample height, or with 
a grease pencil. This procedure will help the laboratory 
to determine if any leakage occurred during shipment. The 
label should not cover any bottle preparation QA/QC lot 
numbers. 

All sample bottles are placed in a plastic bag to minimize 
the potential for vermiculite contamination. 

Shipping coolers must be partially filled with packing 
materials and ice when required, to prevent the bottles 
from moving during shipment. 

The sample bottles must be placed in the cooler in such a 
way as to ensure that they do not touch one another. 

The environmental samples are to be cooled. The use of 
"blue ice" or some other artificial icing material is pre- 
ferred. If necessary, ice may be used, provided that i t  is 
placed in plastic bags. Ice is not to be used as a substi- 
tute for packing materials. 

Any remaining space in the.cooler shoyld be filled with 
inert packing material. 
material such as sawdust, sand, etc., be used. 

Under no circumstances should 

A duplicate custody record and traffic reports, if required 
must be placed in a plastic bag and taped to the bottom of 
the cooler lid. Custody seals are affixed to the sample 
cooler. 

Note: The ASC does not knowingly accept samples with high levels of 
radioactivity or dioxins, or any samples for which ASC handling 
procedures may be insufficient to protect laboratory employees. 
Project staff and field staff must take all feasible precautions, 
including discussions with site officials and company representa7 
tives, and site observations to ensure that neither they nor ASC 
personnel are exposed to unduly hazardous materials. Note that 
field staff are (in many cases) equipped with personal protection 
and breathing apparatus not available to ASC personnel. 

7.3.2 Shipping Containers 
Environmental samples will be properly packaged and labeled for 

transport and dispatched to the Ecology and Environment, Inc., 
Analytical Services Center, located at 4285 Genesee Street, Buffalo, New 
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York, 14225. A separate chain-of-custody record must be prepared for 
each container. 
be followed. 0 The following requirements for shipping containers will 

Shipping containers are to be custody-sealed for shipment as appro- 
priate. The container custody seal vi11 consist of filament tape 
wrapped around the package at least twice and custody seals affixed in 
such a vay that access to the container can be gained only by cutting 
the filament tape and breaking a seal. 

Field personnel will make arrangements for transportation of sam- 

ples to the ASC. When custody is relinquished to a shipper, field per- 
sonnel will telephone the ASC custodian (716/631-0360) to inform him of 
the expected time of arrival of the sample shipment and to advise him of 
any time constraints on sample analysis. 
early in the week as possible, and in no case later than 3 p.m. (eastern 
time zone) on Thursday, regarding samples intended for Saturday deliv- 

ery. 
report is submitted. 

The ASC must be notified as 

Samples will be retained by the ASC for 30 days after the final 

7.3.3 Harking and Labeling 
The following sample marking and labeling guidelines will be 

followed : 

o Use abbreviations only where specified 

o The words "This End Up" or "This Side Up" must be clearly 
printed on the top of the outer package. Upward pointing arrows 
should be placed on the sides of the package. The words 
"Laboratory Samples" should also be printed on the top of the 
package. 

o After a sample container has been sealed, two chain-of-custody 
seals are placed on the container, one on the front and one on 
the back. 
placing strapping tape over them. 

The seals are protected from accidental damage by 

o All samples and sample coolers will be packaged, shipped, 
labeled, and placarded in accordance with the International Air 
Transport Association Dangerous Goods Regulations or with 40 
DFR, as applicable. 

0 

7-10 
[Bold items enclosed in brackets denote changes from original text] 

0001362 



7.4 W L B  PRBSBRVATION ANQ EOLDING TIHES 
All samples, including field blanks, will be preserved in the field 

and pH paper will be used to determine if a sufficient amount of 
preservative has been used. 
for each type of priority pollutant analyses are included in Tables 7-1 
and 7-2. Additional preservation requirements and holding times for 
non-priority pollutant analyses are listed in 40 CFR, Part 136, July 1, 
1987. 

0 
A list of preservatives and holding times 

e 
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h r r t a r  ?ronrvatiwm 

14 days 

Hotals 

Mrcucy 

Cyanido 

Extract within 1 days, Extract within 7 days, 

an8lyro 40 days . analyro 40 days 

o tbl Cool, 4 c 

cool, 4OC 

UNOj to pH<2 

81103 to PR<2 

U.OH to pII>lZ 
Cool 4OC, add 0.6 g 
ascorbic acid i f  
rosidual chlorino 
prosont 

[Cool, 4OCI 

Extract within 7 days, Extract within 7 days, 

analyro 40 days analyro 40 days 

6 months 

28 days 

14 days- 

24 hours 

6 months 

28 days 

14 days 

24 hours 

Sourco: 140 m, h r t  131, m y  1, 19871 
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Total Organic Carbon 

Sulfida 

Acidity 

Alkalinity 

PK 

Dissolvad 

Sumpandad 

IIa rdnas s e 
Chlor id* 

Sulf r t a  

Nitrate 

Nit r i  ta 

Solids 

Solids 

Total Phanol 

Dissolvad Oxygen 

Total Organic Halogon ITOX)  

Auonia-nitrogw 

BOD5 

II12S0,1 to pH > 2 28 days 
Cool to 4OC 

0.048 zinc acotato, [plus llroB to pn > 91 7 days 
[Cool to 4OCI 

Cool to 4OC 14 days 

[cool to roc1 14 days 

ASAP 

7 days 

7 days 

IC001 to 4OCl 

[cool to 4OCl . 

HN03 to pH < 2 

Cool to 4OC 

Cool to 4OC 

[Cool to 4OCl 

[Cool to 4OCl 

In2SO4 to pE < 2 
Cool to 4OCl 

lE2S04 to p H  < 2 

Cool to 4OCl 

IR2SO4 to pn < 2 
Cool to 4OCl . 
Cool to 4OC 

6 months 

28 days 

28 days' 

I 4 8  hours] 

48  hours 

28 days 

[ASAP1 

7 days 

7-13 '. 
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Hmrimm T i n  

[.,SO4 to p. < 2 
cool to 4OCl 

28 days COD 

coo1 to 4OC Color 

?luorido 

Total fjoldahl Nftrogon 

48 hours 

Cool to 4OC 28 days 

R2S04 to pR C 2 
[Cool to l0Cl 

28 days 

coo1 to I°C 24 hours Roxavaloat Chromium 

mrcury 81103 to pw I 2 
[cool to 4OCI 

28 days . 

Total Iocover8blo Bydrocarbons n2s04 to PA c 2 

[cool to 4OC1 
28 days 

Oil and Qcoaso R 2 S 0 4  to pH c 2 
[cool to 4OCI 

28 days 

coo1 to 4OC 4 8  hours 

Total phosphorus 28 days 

coo1 to 4OC 28 days Spocific Cooduetaneo 

. Turbidity 
SUlfit. 

coo1 to 4OC 48 hours 

Analyr. 
I i a t o l y l  

Soarc.: [4@ m, hrt  136, m y  1, 19071 
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8. CALIBRATION PROCEDURES AND FREQUENCY 

All instruments and equipment used during sampling and analysis 
will be operated, calibrated, and maintained according to the manufac- 
turer's guidelines and recommendations as well as criteria set forth in 
the applicable analytical methodology references. Operation, calibra- 
tion, and maintenance will be performed by personnel properly trained in 
these procedures. 
and calibration information will be maintained in an appropriate logbook 
or reference file, and will be available on request. 
the major instruments to be used for sampling and analysis. 
for procurement and material control are included in Appendix E.] 
descriptions of calibration procedures for major field and laboratory 

Documentation of all routine and special maintenance 

Table 8-1 lists 
[Procedures 

Brief 

0 instruments follow. 

8.1 FIELD 1NSl'RU"TATION 

ENu Photoionizer 
Static or dynamic gas generation systems can be utilized for cali- 

bration of the instrument. 
atmospheres for various gases have been described by G.O. Nelson in 
"Controlled Test Atmospheres," Ann Arbor Science Publishers, Ann Arbor, 

A number of such systems for generating test 

. Michigan (1971). 
The most convenient packages for calibration are the non-toxic ' 

analyzed gas mixtures available from EINu Systems in pressurized con- 
tainers (Catalogue t101-350). 

A rapid procedure for calibration involves bringing the probe and 
readout in close proximity to the calibration gas, cracking the valve on 
the tank and checking the instrument reading. 
spot check for the instrument. 

This provides a useful 

The recommended and most accurate procedure for calibration of the 
instrument from a pressurized container is to connect one side of a "T" 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

HSA 210 O2 Explosimotor 

HUu PI-101 Photoionisation Analysor 

Organic vapor ~nalysor roxboro (171)) 

-31 Goonics tloctrougnotic Induction Dovico 

?~r~turo/Conductivity PIotOr - PortAblO 
Howlott Packard (HP) 1000 colputor with m - 6  oporating systom: oquippod with Aquariua software 
for control and data acquisition from up to four gas chroutograph/uss spectrowtor (QC/HS) 

Sy8t.Y: combinod Wiloy and L1.tfon.l Buroau of Standards (asS) mass spoctral library: and data 
archiving on ugnotic tape 

RP599SC oC/ns oquippod with packod columns for analysis of volatilo orgmnic compounds 

835970 Mass Spoctral Dotoctor intorfacod with an HP5690 OC for both packod and capillary colurn 
dotormination of a11 priority pOllUt8nt eorpomds 

Tokmr ISC-2 Liquid Samplo Concontrator for volatilo organic analysis 

Howlott ?ackard Rod01 767% Autoutod Purgo and Trap Sarplor 

Varian 6000 and 3700 Gas Chromatrographs (total 61 quipped with f l a w  ionisation, oloctron 
capturo, photoioniration and Ha11 dotoctors aa appropriato for various analyses, and intorfacod 
to a Vmrian micro-corputor for  data roduction 

Spectra-Physics nod01 SP 4100 and SP 4270 Computing Intogrators 

Porkin Blur 50002 and 30301; lully Automtod Atomic Absorption Spoctrophotowtors (MS) with 
?urnaco Atorisor and Zooun background corroction systor 

Porkin wwr PE I1 Inductivoly Couplod Argon Plasm ( ICAO)  Spoctrowtor 

Buck Scientific Uorcuty Analysor Rod01 400 

*Calibrated. Daht8fnOd, and oporatod according to unufacturor'a specifications 8nd a11 QC 
protocols within tho appropriato rothodology. 60th lamps (10.2 oV, 11.7 oV) will bo usod with tho 

HUu Ohotoionisoc. Isobutylono will bo usod as tho calibration gas. Tho WI, tho OVA, and tho MA 

260 O2 Bxplosfwtoc will bo calibcatod, at a mininu .  boforo us. oach day, or as roquirod if field 
problou ariso. 

O O O f  365 
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to the pressurized container of calibration gas, adother side of the "T" 
to a rotameter, and the third side of the "T" directly to the 8-inch 
extension to the photoionization probe. The valve of the pressurized 
container is cracked until a slight flow is indicated on the rotameter. 
The instrument draws in the volume of sample required for detection, and 
the flow in the rotameter indicates an excess of sample. 
Potentiometer is adjusted so that the instrument is reading the exact 
value of the calibration gas. 
changed, the instrument should be turned back to the standby position 
and the electronic zero should be readjusted, if necessary.) 

The span 

(If the instrument span setting is 

Calibration with toxic gases should be performed in a hood since 
the 101 is a non-destructive analyzer. 
prepared in the same matrix (air, nitrogen, hydrogen, etc.) in which it 
is to be measured, otherwise an inaccurate reading may be obtained. 
increased response which is seen in oxygen free gases can be attributed 
to a reduction in the quenching of ions by oxygen (actually 02-) and is 
typical of any ionization detector. 
constant from about 10% O2 to very high levels. 

ments in air, a 0.5- or 1-liter bag will be filled with the standard, 
then 50 or 100 cc of pure oxygen will be added to bring the level to 
10-12%. Any error between this value and 20% oxygen is quite small. 
the sample to be measured is in nitrogen, standards should be prepared 
in nitrogen. 

The calibration gas should be 

The 

The quenching effect of oxygen is 

If a gas standard prepared in nitrogen is to be used for measure- 0 

If 
. 

Conductance, Temperature, and pE Tester 
Temperature and conductance instruments are factory calibrated. 

Temperature accuracy can be checked against an NIST certified thermom- 
eter prior to field use if necessary. 
checked with a solution of known conductance and recalibration can be 
instituted, if necessary. 

adjustment potentiometer screw. 
and refill. 
twice in a row. 
the known value of conductance. 

Conductance accuracy may be 

To recalibrate conductance, remove the black plug revealing the 
Add standard solution to cup, discard, 

Repeat procedure until the display indicates the same value 
Adjust the potentiometer until the display indicates 

To increase the display reading, turn 0 
8-3 
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the adjustment potentiometer screw counterclockwise (clockwise to 
decrease). 

To standardize the pH electrode and meter, place 7.0 buffer 
solution in the cup, discard and refill 3 times. Adjust the "ZERO" 
potentiometer on the face' of the tester so that the display indicates 
7.00. 

Then repeat the filllrinse procedure using the 4.0 or 10.0 buffer 
(depending on where you expect the actual measurement to be). Adjust 
the wSW)PEw potentiometer on the face of the tester so that the display 
indicates the value of the buffer chosen. 

Note: There is interaction between the wzgROw and wSLOPE" adjust- 
ments, so the procedure should be repeated several times. 

-- Do not subject the pH electrode to freezing temperatures. 
It is good practice to rinse the electrode in distilled water when 

going from one buffer to another. 
filled with standard conductivity solution and capped. 
circumstances should the meter be stored with distilled water in the 
cup. 

Vhen not in use the cup should be 
Under no 

Organic Vapor Analyzer 

check for the OVA-128 instrument are as follows: 
Procedures for regular maintenance, calibration, and pump system 

o Haintenance 

- Check 

- Check 

- Clean 

- Check 

- Check 

particle filters daily. 

quad rings weekly. 

burner chamber weekly. 

calibration veekly. 

pumping system daily. 

o Calibration 

- Remove instrument from case. 

- Turn on electronics and zero instrument on X10 scale. 
Gas select dial to 300. 
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0 
Turn on pump and hydrogen. Ignite flame. Go to survey 
mode. 

Introduce a methane standard near 100 ppm. 

Adjust R-32 trimpot on circuit board to make meter read 
to standard. 

Turn off hydrogen flame and adjust meter needle to read 
4 PPm* 

Switch to X1 scale and adjust R-31 trimpot to make meter 
read 4 ppm. 

Return to X10 scale and adjust meter needle to 40 ppm. 

Switch to XlOO scale and adjust R-33 trimpot to make 
meter read 40 ppm. 

o Pump System Check 

- With pump on, hold unit upright and observe flow gauge. 

- Ball level significantly below a reading of 2 is low 
flow. 

- Clean or replace particle filters. 

- Re-assemble and retest flow. 

- If flow still low, replace pump diaphragm and valves. 

- If flow normal, plug air intake. Pump should slow and 
stop. 

- If no noticeable change in pump, tighten fittings and 
retest . 

- If still no change, replace pump diaphragm and valves. 

Dissolved Oxygen Meter 
The dissolved oxygen meter is intended for dissolved oxygen (DO) 

and temperature measurement in water and wastewater applications, but is 
also suitable for use in certain other liquids. DO is indicated in mg/L 
on a 0 to 15 mg/L scale. 
+ 4 5 O  C scale. 
permeability of the probe membrane, and manually by direct dial for 

Temperature is indicated in O C  on a - 5 O  to 
The DO range is automatically temperature compensated for 

changes in water temperature. e 
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. Calibration of the DO meter consists of the following: 

o Switch the instrument to OFF and adjust the meter 
mechanical zero. 

o Switch to ZERO and adjust to "0" on mg/L scale. 

o Switch to PULL SCALE and adjust to "15" on mg/L scale. 

o Prepare probe for operation, plug into instrument, wait up 
to 15 minutes for probe to stabilize; probe can be located 
in calibration chamber or ambient air. 

indicates local alzi tude on short scale in upper right-hand 
corner of meter. 

o Switch to CALIB. 0 and adjust CALIB. control until meter 

It is desirable to calibrate the probe in a high-huridity 
environment. See manufacturer's instruction manual for more detail on 
calibration and other instrument and probe characteristics. 

Heasureeent of Do consists of the following: 

Place the probe in the sample and stir. 

Allow sufficient time for the probe to stabilize to sample 
temperature and DO. 

Switch to READ TEnP AND SBT DIAL. 
dial to sample temperature. Take care to properly index 
salinity on sloped white bar. 

Set O2 SOLUBILITY FACTOR 

Switch to READ O2 and read~mg/L, DO, while stirring. 

Leave the instrument on between measurements to avoid the 
necessity of repolarizing the probe. 

Eb Ckasur-t 
The field measurement of Eh, the oxidation reduction potential, is 

based on the method given in ASTX D1498-76, Standard Practice for 
Oxidation-Reduction Potential of Water (reapproved 1981). 
requires the use of a standard pE aeter capable of reading in 
millivolts, a platinum combination electrode, a thermometer to record 
water sample temperature, and a ferrous-ferric reference solution to be 
used as the redox standard solution. 

This method 
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Calibration of the platinum combination electrode, which must be 
done before an Eh measurement is taken, consists of the following: 

Wash the platiium combination electrode and the sample 
container with three changes of deionized water or with a 
flowing stream from a wash bottle. 

Fill the sample container with fresh redox standard 
solution and immerse the electrode. 
the measurement period. 

Gently stir throughout 

Hake sure the meter is on the millivolt range and adjust 
the-millivolt potenti'al of the meter to that of the 
standard redox solution, 475 mV. 

Without changing the setting'of the potential knob on the 
meter, repeat the above procedure until two successive 
readings are constant. The readings should not differ from 
the value of the standard redox solution by more than 
10 mV. 

Sample measurement of Eh consists of the following: 

0 

0 

. o  

0 

0 

After calibration, wash the electrode with deionized water 
or a flowing stream from a wash bottle. 

If possible, insert the electrode into the sampling device. 
If this is not possible, the sample should be placed in a 
d e a n  glass beaker or sample cup. 
agitation of the sample. 

Avoid excessive 

Insert the electrode and gently stir throughout the 
measurement period. 

Read the millivolt potential of the solution directly from 
the meter scale. 

Measure successive samples until readings on two- successive 
samples differ by no more than 10 mV. Record the value to 
the nearest 10 mV as E bs, the measured value for 
oxidation-reduction pofential. 

Calculation of Eh, the oxidation-reduction potential of the sample 
I 

in millivolts, relative to the standard hydrogen electrode (SHE), is 
accomplished using the following formula: 
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Where: Eh t Oxidation-reduction potential to the SHE; 

= Observed oxidation-reduction potential (the measured Eobs 
value); and 

= Oxidation-reduction potential of the reference %ef 
electrode relative to the SEE (200 mV for the 
combination electrode). 

8.2 IABORA'l'ORY -A"IOLI 

Laboratory capabilities will be initially demonstrated for instru- 
ment and reagentlstandards perforaance as well as accuracy and precision 
of analytical methodology. Brief descriptions of calibration procedures 
for major instrument types follow. 

Gar Chrora'tography/Mass Spectr-itmetry 
All GC/HS instruments have been calibrated at five different con- 

centration levels for analytes of interest, using the procedures 
outlined in the USEPA CLP procedures and standards traceable to EPA 
reference materials. Compounds selected as System Performance Check 
Compounds (SPCCs) must show a minimum mean response factor (specified) 
for the initial calibration to be considered valid. 
as Calibration Check Compounds (CCCs) must show a Relative Standard 
Deviation (RSD) for response factors less than a specified amount for 
the calibration to be considered valid. This calibration can be 
utilized as long as it can be demonstrated to remain valid. 

bromofluorobenzene (BFB) for volatile analytes, or decafluorotriphenyl- 
phosphine (DFTPP) for semilvolatile analytes. Hass spectral peaks must 
conform both in mass numbers and relative intensity to USEPA's require- 
ments before analysis can proceed. 

verified by a single mid-range standard. 

Compounds selected 

On a daily basis, the instrument is hardware-tuned using either 

Following a successful tune, the initial five-point calibration is 
SPCCs and CCCs are used to 
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check response factors for adequacy and consistency against required 
limits before analytes can proceed. 

I 

A successful calibration verification is followed by a method blank 
analysis. 
solvents) must be below target detection limit before analysis can 
proceed. 

All target analytes (with the exception of common laboratory 

Gas Chromatography 
Each GC system used for pesticide/PCB analysis by USEPA CLP 

procedures has been initially calibrated using the external standard 
technique for all packed columns used for quantitation as outlined in 
the SOW. Initial calibration standards are prepared at three 
concentration levels for each parameter of interest-- one of the 
external standards at a concentration near, but above, the method 
detection limit and the other concentrations correspond to the expected 
range of concentrations or define the working range of the detector. 
This is done on each quantitation column and each instrument at the 
beginning of the contract period and each time a new column is 
installed. The results are used to establish retention time windows. 

At the beginning of each 72-hour period, three evaluation standards 
are run sequentially to check the linearity of the initial calibration 
curve. The evaluation standards contain aldrin, eldrin, 4,4'-DDT, and 
dibutylchlorendate at three concentration levels as described above. 
The calibration factors calculated for each compound at the three levels 
must have a percent relative standard deviation of less than 10%. 
Evaluation checks are also performed for 4,4' DDT/endrin breakdown and 
retention time shift for dibutylchlorendate as specified in USEPA CLP 
procedures. 
pesticides/PCBs are analyzed after the three evaluation standards to 
establish calibration factors and absolute retention time (RT). The 
calibration factors and retention times are verified after every five 
samples analyzed and at the end of the analytical sequence. 
pesticideIPCB must be within its retention time window or corrective 
action is taken by the laboratory. 
with the factor determined at the beginning of the run within - +15% for 
quantitation and - +20% for confirmation of analysis. 

Two individual standard mixes and all multi-response 

Each 

The calibration factor must agree 
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For SW-846 3rd edition analyses, each GC system has been calibrated 
using the external standard technique, with initial calibration 
standards prepared at five concentration levels to define the entire 
working range of the detector. 
calibration factor for the analytes of interest should be <20% to assume 
linearity through origin. 
is verified each working day.by a mid-level standard. 
all analytes of interest should be within 15% of the average calibration 
factor. The calibration is checked after ten samples have been analyzed 
and the response should be within 15%. 

The relative standard deviation of the 

The average calibration factor of the curve 
The response for 

plasma W i s i O n  Spectrophotometry 
The ICP is calibrated daily using one standard and a blank. The 

standard is within the demonstrated linear range of the instrument. 
linear range is verified quarterly. 

The 

The calibration is validated initially using an independent 
reference standard and a standard at two times the Contract Required 

. Detection Limit (DRDL). The calibration is checked every 10 samples or 
two hours (whichever is greater). 
drift is indicated (if recovery is not 90-110%). 

The instrument is recalibrated if 

Atomic Absorption Spectraphotortry 

The calibration is validated initially using an independent reference 
standard. The calibration is checked every 10 samples or two hours 
(whichever is greater). If drift is indicated (recovery is not 9--110% . 
for all elements except mercury 180-120%]), the instrument is 
re-calibrated. 

AAS units are calibrated daily using three standards and a blank. 

Doc\wn ta t ion 
All calibration information is recorded on appropriate forms 

developed for CLP or SW-846 procedures. 
described on a QA/W discrepancy form and submitted to the supervisor 
for corrective action. The calibration information is filed with the 
raw data in the reports area. All standards are NBS or EPA traceable 
with initial and continuing calibration standards obtained from the same 

Any out-of-control analyses are 
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source. The calibration is checked with independent standards spiked . 
into the sample or reagent water, or run directly on the instrument. 
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9. ANALYTICALPROCEDURES 

Analytical methods to be utilized for the sampling tasks are ref- 
erenced in USEPA documents: CLP - Organic Analysis, Statement of Work 
(SOU), and Inorganic Analysis, SOU. These documents are revised from 
time to time. Additional USEPA references include: Methods for Organic 
Chemical Analysis of Municipal and Industrial Wastewater, 40 CFR 
Appendix A to Part 136, July 1987; Test Methods for Evaluating Solid 
Waste (Physical/Chemical Methods), SW-846, Third Edition, September 
1986; and Methods for Chemical Analysis of Water and Wastes, 
EPA-600/4-79-020, Revised March 1983. 

The tables presented herein provide detection limits and quality 
control criteria for the CLP and SW-846 analytical programs. 
instances may arise where high sample concentrations, non-homogenei ty of 
samples, or matrix interferences preclude achieving the detection limits 
or associated quality control criteria. 
report the reason for deviations from these detection limits or 
noncompliance with quality control criteria in the monthly progress 
report . 

However, 

In such instances, E & E will 

9.1 XREB" ANALYTICAL PROCEDURES 

The primary objective of the Phase I field investigations for the 
project sites will be to effectively and efficiently focus the site 
characterization and subsequent extent delineation tasks. The field 
screening task will employ a variety of field investigation techniques 
(discussed in Section 6.) on a site-by-site basis, including the 
collection of samples foi laboratory analyses. 
collected will involve certain analytical requirements which are 
tailored toward meeting the "focus" objective. 

The analyses of samples 
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A screening investigation is deemed necessary at M S P  due to the 
following considerations: 

o There are a large number of sites on the Station requiring 
characterization. 

o & m y  of the sites are large in acreage and/or have 
potentially extensive affected areas. 

o For many of the sites there exists the potential for a broad 
array of contaainant types to be present. 

Considering the above points, early phases of site investigation 
have a strong potential to be expensive (due to the sheer volume of 
samples and broad analytical requirements) and to become inordinantly 
time consuming. 
for samples collected in Phase I will significantly lessen analytical 
costs and enable rapid turn-around times for Phase I data. 
analytical screening will: 

The implementation of an analytical screening program 

In affect, 

o Hinimize analytical costs; 

o Provide more timely turn-around of sample data; 

o Enable the use of analytical cost savings to enhance the 
number of sample locations during Phase I; and 

o Expedite the process of determining horizontal and vertical 
contaminant extent, as well as focusing of analytical 
parameters in Phases I11 and IV. 

Screening will not be used to elimiiate areas from further 
investigation, rather it will allow focusing subsequent investigation 
efforts on the primary areas of concern. 

The analytical screening parameters and detection limits are shown 
For individual Phase I site investigations, in Tables 9-1 through 9-4. 

parameter groups will be selected to function as indicator contaminants. 

Method 601/602 Screen for Select Compounds. 

Compound identification will not be confirmed on a second column, 
no gases will be analyzed, and coeluting compounds will not be 
distinguished. 
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l,1-Dichloroothono 

Hothylono Chlorido 

trur6-l.t-Dichloroothono 

1.1-Dichloroothano 

l,l,l-Trichloroothano 

Bonrono 

1,2-Dichloroothano 

Trichloroothono 

Toluono 

Totrachloroothono 

Ethyl bonaono 

Xylonos 

Dichloro bonronas 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1.000 

1,000 

1,000 

1,000 

1,000 

Dotoction limits approximato 
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Table 9-2 

?AB 
( t o t a l  caleulatod as bonso-a-pyrono) 

;. 

100 

WIonols : 100 

ts ichloro 
. t o t  raehloro 

pontachloro 
( t o t a l  calculated a s  pontaehlorophonol) 

Organophosphorus Posticidos: 
Hal a thf on 
Parathion 
Di8XinOn 
Doroton 

Chlorinated 80rbicid.s: 
2,I-D 
2,4,5-TP (Silvox) 
2 ,I, 5-T 

100 

100 

Ca r b a n t  os 100 

1,000 

1 000 

1 000 

1,000 

1,000 

Votoction l i m i t s  apgto.int. 
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Tablo 9-3 

coqarmd. 

Hoptachlor 5 1,000 

Lindano 5 1,000 

Aldrin 5 1,000 

4,4 '-DDT 5 1,000 

Dioldrin 5 1,000 

hrdcin 5 1,000 

4,4'-DDE 5 1,000 

Chlordan. 5 1,000 

Total PCBs 10 1,000 

Dotoetion linits approxirat. 

e 
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Dotoetiom Limits 
=tot. Soil. 

PWL I+rJ 

Araonic 

cadmium 

Cbromiu 

Coppor 

Load 

mickal 

S i l vor  

Zinc 

60 

5 

10 

25 

40 

40 

10 

20 

6 

0 .5  

1.0  

2 .5  

4 .0  

4 .0  

1 . 0  

2 .0  

k t o c t i o n  l imita  approximato 

0003373 
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HPU Screen of Select Extractable Compounds. 
Analytical runs are shortened, resulting in Specific compounds 

possibly not being distinguished. 
of a single compound. 

Quantitation is based on the response 
0 

QC and calibration is limited. 

Pesticide/Total PCB Screen. 
Detection limits are high and based on total PCBs. No surrogate 

compounds are added. QC and calibration are limited. 

ICP Screen for Select Metals. 
Documentation of calibration, QC and matrix effects is limited. 

9.2 ANALYTICAL PROCEDURES AND QA OBJECTIVES 
Table 9-5 lists all analyses expected to be performed by E 6 E’s 

ASC for this project. For each analysis, the list includes: 

o Parameter name; 

o Reference and method number; 

o A brief description of the method; 

o The matrix (S/W) applicable to that method; 

o The detection limit; 

o The target spike recovery as a percentage; 

o The target known recovery as a percentage; and 

o The target RPD for duplicate or replicate analyses. 

Both USEPA CLP and non-CLP methods are referenced since some para- 
meters not included in CLP protocols may be required under this project. 
Multicomponent analyses (e.g., pesticides/PCBs) are listed in the table 
but referenced to later tables in this section for QC data. 

Tables 9-6 through 9-13 list detection limits and QC criteria for 
organic parameters using USEPA CLP analytical procedures and SW-846 
methods. 
required surrogate spike recovery limits. 

Tables 9-14 and 9-15 present matrix spike and contract 
Table 9-16 lists the methods 
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Acidity 
EP1 305.2 T i t r i m e t i c  95-105 10 w 1 nJ/L 

a. CaC03 

1u 

A l k a l i n i t g  
EPl 310.1 T i t r i r t i c  

pa 4.5 

w 1 rg/L 80-120 
a. c a m 3  

85-115 10 

Anion D o t o d n a t i o n  
LP1 300 Anion Lxchango 

Sopara t ion 
w 0 . 5  mg/L 90-110 90-110 1 0  

Aah 
Asm 
- 

D-482 Ignit., lhlftl .  S 

r i r n a c o  a t  7 7 5 ' ~  
1% 15 

BOD 
SH 
- 

507 oxygon Consumption W 82-118 

85-315 D-2015-77 80.t of Combustion S 

by llorb C a l o r i r t o r  

Chlorido 
EP1 325.3 T i t r i m e t r i c ,  w 

lh l rcur ic  A i t r a t o  
1 =9/L 85-115 90-110 1 0  

C h l o r i n c R e s i d u a l  
BPI 330.4 T i t r i w t r i c ,  DPQ-?As W 15 

20 

- 

85-115 
C b l o r i n r P e r c o n t  (To t a l  Halogon.) 
ASST11 D-808-81 Bomb C a l o r i r t o r  S 

Digomtion 

IP1  325.3 T i t r i w t r i c  Analysis  

COD 

UP1 
- 

410.4 . Colorimotr ic-  
Lov Concontrat ion 

W 5 w/L 90-110 90-110 50 

LP1 410.4 C o l o r i r t r i c -  W 50 WL 90-110 - 90-110 15  
Hlgh Concontrat ion 
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Table 9-5 (Cont. 1 

Notbod ?btbod Brief Description Mtrix Detection 8 Spike b o r n  RPD 
Ref eramce aorkr of ?lothod ( ww Limit Recovery Recovery - Duplicates 

Color 
DP1 110.2 
- 

P18tinUr-COb8lt 
comparison 

5 PCU 

1 unho/cm 

NA NA 10 

Conduct8nce 
DP1 120.1 Masured with 50lf- 

cont8ined Conductivy 
Meter 

96-104 10 M 

Cy8nide-Amenable 
101 33S.1 Spectrophotonetric 0.01 mg/L 75-125 85-115 20 

Cy8nfde-Tot81 
EP1 33S.2 0.01 rq/L 

1.0 ng/kg 

757125 85-115 20 

20 

Spectrophotonetric 

Colorimetric 75-125 85-115 sn 9010 

Ihshpoint 
sn 1010 Pensky-M8rtens Solid/ 

Closed Cup Liquid 
20 

90-110 340.2 Potentiometric, Ion 
Selective Electrode 

0.1 ng/L 90-110 10  

-- Grain Siae 
Asm D422-63 sieve Analysis -- 

85-115 

-- 

lo Titrimetric, EDTA NA 

Hydroc8rbons 
m -503 E 

Moisture Content 
AsTn D2216-8 0 

Graviretric W 

S 

85-115 

-- 

20 

20 Oven dried 11 

0.03 mg/l 
Nitrogen-Ammonia 
EP1 350.3 potentiometric, Ion 

Selective Electrod. 
85-115 85-115 10 W 

EPl 3S0.2 0.02 mg/L 90-110 90-110 10 

90-110 90-110 10 

80-120 80-120 20 

80-120 80-120 20 

1.0 mg/kg 
Nitrogen-Kjeldahl 
EO1 3%. 3 0.02 mg/L 

e 
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uitroqon-.itrat. 
EPl 352.1 Colorimotric/brucino W 0.1 rg/L 70-130 70-130 50 

Ui t roqon-Uitri to 
EPl 354.1 Sputrophotowtric W 0.01 q / L  80-120 15 

Odor 
EP1 
- 

140.1 Thtoshold odor W l.T.O.11. M NA 
(Consimtont Sorios) 

10 

Oil rod aroaso 
EP1 413.2 Total R.cotnrmbl. W 

Sputrophotowtrie 
Inf rarod 

1 Iwl/L 75-125 85-115 20 

20 3550 
413.2 

sw 
EP1 . 

Sonication: 
Spetrophotowtric 
Inf rarod 

S 10 mg/kg 75-125 85-115 

EPl 413.1 80-120 20 w 

Oxyqon-Dissolvod 
EPl 360.1 Mombrano Eloetrodo W 15 

15 ' LPl 360.2 Winklor Titration w 

E 
EP1 - 

85-115 

150.1 Eloctrorcrtric w +O.l SU - 5 

Potrolour Uydrocarbons 
EP1 418.1 Total Rocovorablo W 

Spoctrophotowtric 
Inf rarod 

20 

EPl 418.1 Total Rocovorablo S 
Spoctrophoto~otric 
Inf rarod 

85-115 20 

HA c I 310-13 P ~ t r o l ~ ~  S / w  

Product Idontifieation 
Phon01 
UP1 
- 

420.1 Spoctrophotowtric, W 0.005 Dg/L 80-120 80-120 25 
Hanual 4-AAP with S 0.3 -/kg 80-12@ 80-120 25 
Distillation 
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Tablo 9-5 (Coat. ) 

laathod mthod Briof Doscription Matrix Dotution t Spikr t Lcnovll RPD 
0 

R.f.c.lrc0 h u k r  of mthod (S/W L i m i t  Rocovory Rocorory Duplicates 

Phosphato 
EPl 365.2 COlOtirOtKiC, W 0.05 mg/L 80-120 90-110 10 

Ascorbic Acid, 
Singlo Roagont S 5 -- 90-110 10 

RosidUO-TDS 
EP1 160.1 FiltOrablO Gravi- W 10 ag /L  M 80-120 20 

mOtKiC Dried 180°C 

lonfiltorablo GKaVi- W 1 mg/L M 85-115 20 
mOtKiC DriOd 103-10S°C 

R~~idu~-Total 
EP1 160.3 Total Rosiduo, Gravi- W 

rotric Driod 103-105°C 

-- 

80-120 

2 0  

20 
RosiducVolat~lo 
lcPl 160.4 Volatilo Graviaotric W 

Ignition at 55OoC 
R ~ m i d ~ ~ - S ~ t t l ~ a b l ~  

. EPl 160-5 0.1 n L / i  NA NA 

hr 
Imhoff Cono-Voluaotric W 

Dotoraination 
Sulf at. 07 375.4 Tucbidimotric W 2 W / L  90-110 90-110 10 

SUl f i to 
LP1 377.1 
- 

0.5 mg/L -- 80-120 10 

.025% -- 85-115 20 
Sulfur-Porcont 

Asm 0129-64 BO& CalOKiUlOtOK S 

Sulf id. 
LPl 376.1 Iodomotric W 

S 

10 
10 

Surfactants, Anionic 
SM 523 B SpOCtKOphOtO.OtKiC' W .025 mg/L 80-120 -- 

aa MPSAS 

-- 

20 

Toaporaturo 
EP1 170.1 Thornoaotric W -- 

80-120 
TOC 
LP1 
- 

415.1 Catalytic Coabustion, W 

Infrarod Dotoction 
TOX 8 

sw 
- 

5 ug/L 80-120 95-10s 20 9020 Carbon Absorption, W 

Microcoulonotric 
titration 
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Turb id i t y  
EPl 180.1 N o p h o l o r t r i c  W 0.02 IRV M 90-110 1 0  

Nrbidi t y  

llAIIuDOu0 -TU QUIUCTKRISTIW: 

1qmit8bilitp 
sw 1010 Flashpoint-Ponsky- Solid/  - 

U ~ r t o n s  Closod Cup Liquid 
20 

Cor ros iv i t q  
sw 9040 pU E l o c t r o w t r i c  W - +O.l su 

- + O . l  su 

5 

5 sw 9045 pE S l o c t r o w t r i c  S 
wator o r  0.01 I 
CaCl2 8-d 

1110 coupon W (mrk is subcont rac tod)  
(-, -01-69) 

J loac t iv i tx  
bw 9010 C p a n i d o - C o l o r i r t r i c  W 0.01 w/L 75-115 

9010 Cymnido-Color iwt r ic  s 1 w/kg 75-115 

- 9030 S u l t i d r I o d o w t r i c  w 1 w/L 

- . 9030 S u l f i d o - I o d o r t r i c  s 4 w/kg 

05-11s 

05-115 

- 
- 

M 

M 

00-120 

00-120 

- 

- 
00-120 

- 

20 

20 

10 

1 0  

IOA 

AA 

2 0  

20 

3 5  

20 

20 

20 

sw 

sw 

sw 

SP TOXiCi t~  
sw 1310 Ex t r ac t i on  P r o c d u r o  W M M 

1310 S x t r a c t i o n  Procoduro S Iu Iu sw 

Aluminum 
UP1 200.7 ICP 

6010 ICP 

6010 ICP 

100 ug/L 75-125 W 

W 100 u g h  75-125 

20 w / k g  75-125 s 

sw 

Alltiromp 
SP1 200.7 I CP 

6010 ICP 

6010 ICP 

w .  60 ug/L 75-125 

W - 60 ug/L 75-125 

s 6 w/kg  75-125 

sw 

9-12 



Tab10 9-5 (Cant. ) 

Nothod Nothod Briof Doscription Hmtrix Dotoction % Spiko % lcpown RPD 
Rof orancm hub.r of Mthod ( s m  Limit Rocorrry Rocovery Duplicates 

Arsenic 
EP1 206.2 

7060 

7060 

6010 

200.7 

6010 

6010 

?urnace AA 

?urnace AA 

? u r n a c e  AA 

ICP 

5 ug/L 

5 W/L 

0.1 mg/kg 

200 ug/L 

1 0  ug/L 

1 0  ug/L 

1 . 0  mg/kg 

2 W/L 

7 ug/L 

0 . 5  mq/kg 

75-125 

75-125 

75-125 

-- 

75-125 

75-125 

75-125 

75-125 

75-125 

75-125 

80-120 20 

sw 80-120 20 

-- 35  sw 

sw 

Bariua 
EPl 
- 

I CP 

ICP 

ICP 

80-120 20 

80-120 20 sw 

sw -- 35 

B o r y l l i u r  
LP1 200.7 I CP 

6010 I CP 

6010 ICP 

20  

20 

35  

80-120 

80-120 

-- 
Boron 
LP1 
- 

213.3 Curcumin, 
c o l o r i r e t r i c  

W 

SW 200.7 I CP W 

S 

1 0  mq/L 75-125 80-120 

1 mg/kg 75-125 -- 

20 

3 5  6010 ICP m 

C a d a i u r  
LP1 

sn 

sw 

C a l c i u r  
lcPl 

sw 

m 

200.7 

6010 

6010 

ICP 

I CP 

I CP 

75-125 

75-125 

75-125 

80-120 20 

80-120 20 

3 5  -- 

200.7 

6010 

6010 

ICP 

ICP 

ICP 

1000 uq/L 

1000 ug/L 

100 mg/kg 

75-125 

75-125 

75-125 

80-120 20 

80-120 20 

35 -- 

0. 

. -  

. I  
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ChrODiUD 

tP1 200.7 ICP 

sw 6010 ICP 

sw 6010 IC0 

sw 
- s w  

Cobalt 
UP1 
- 
sw 

sw 

copper 
UP1 

sw 

sw 

Iron 
tP1 
- 

sw 

sw 

Lead - 
8Pl 

tP1 

sw 

sn 

sw 

9w 

7195 ICP 

7195 IC? 

200.7 IC? 

6010 IC? 

6010 IC0 

200.7 IC0 

6010 ICP 

6010 ICP 

200.7 IC0 

6010 ICP 

6010 ICP 

239.2 lurnace M 

200.7 ICP 

7421 Turnace M 

7421 lurnace M 

6010 ICP 

6010 ICP 

W 10 ug/L 75-125 80-120 20 

W 10 u9/L 75-125 80-120 20 

s 1.0 q / k g  75-125 - 35 

W 

s 

W 

U 

S 

W 

W 

s 

W 

W 

s 

W 

W 

W 

s 

W 

s 

10 ug/L 75-125 80-120 
20 -/kg 75-125 - 

10 W/L 75-125 80-120 

10 ug/L 75-125 80-120 

1.0 mg/kg 75-125 - 

10 ug/L 75-125 80-120 

10 ug/L 75-125 80-120 

1.0 mg/kg 75-125 - 

25 UP/L 75-125 80-120 

25 ug/L 15-125 80-120 

2.5 .p/kg . 75-125 - 

20 

80  

20 

20 

3 5  

20 

35 

20 

20 

35 

5 W/L 7s-125 80-120 20 

50 ug/L 75-125 80-120 20 

5 ug/L 75-125 80-120 20 

0.5 -/kg 75-125 35 

50 ug/L 75-125 80-120 20 

5.0 -/kg 75-125 35 
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Tmblo 9-5 (Cont.) 

?lotbod k.thod Briof Doscription Matrix Dotoction 8 Spiko Known RPD 
R o t  0C.M. l8udmr of Hothod ( S/W) Limit Rocovory Rocovory Duplicates 

Hagnos fur 
EPl 200.7 I CP W 1,000 ug/L 75-125 80-120 20 

sw 6010 ICP W 1,000 ug/L 75-125 80-120 20 

sn 6010 I CP 

~anqanoso 
EPl 200.7 I CP 

S 100 ng/kg 75-125 - 35 

W 5 ug/L 75-125 80-120 20 

SW 6010 ICP W 5 U W L  75-125 80-120 20 

sw 6010 ICP S 0.5 ag/kq 75-125 -- 35 

Mo c cu ry 
eo1 245.1 Manual Cold Vapor . W 

sn 7470 Cold Vapor-Liquid W 

7471 Cold Vapor-Liquid S 

sn 200.7 I CP W 

sw 6010 ICP S 

lick01 
EP1 200.7 ICP 
- 

W 

sw 6010 ICP W 

sn 6010 I CP S 

Pot as s iua 
LO1 . 200.7 I CP 

0.2 ug/L 75-125 80-120 

0.2 ug/L 75-125 80-120 

0.1 mg/kg 75-125 -- 

20 ug/L 75-125 80-120 

75-125 -- 2 w/kg 

15 ug/L 75-125 80-120 

15 ug/L 75-125 80-120 

1.5 mg/kg 75-125 -- 

20 

20 

35 

20 

35 

20 

20 

3 5  

W 1,000 ug/L 75-125 80-120 20 

sw 6010 I CP W 1,000 ug/L 75-125 80-120 20 

SW 6010 I CP S 100 mg/kg 75-125 -- 35 
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Solonium 
SP1 270.  a 75-125 

75-115 

75-125 

75-11) 

80-120 20 

80-120 20 

35 -- 

80-120 20 

sw 7740 

sw 7740 

sw 6010 

Si 1 icon 
bw 
- 

200.7 IC0 

6010 Iff 

U 

S 

20 

3 5  

100 u g h  75-125 80-120 

10 -/kg 75-125 sw 

Siloor 
LP1 
- 

200.7 IC0 

6010 I f f  

6010 I CP 

10 ug/L 7s-125 - 
10 ug/L 75-125 80-120 

1.0 -/kg 75-125 - 

20 

20 

3 5  

9w 

sw 

sodium 
sw 6010 
- 

ICP 

I f f  

ICP . 

1,000 ug/L 

100 w/kg 

1,000 ug/t 

75-125 

75-125 

75-125 

80-120 20 

- 35 

80-120 20 

9w 6010 

EP1 200.7 

ma11ium 
CP1 279.2 Turnace M 75-125 

75-125 

75-125 

80-120 20 

80-120 20 

35 

mf 7841 Turaaco M 

bw 7841 lurnaco M 

Tin 
CP1 
CP1 

- 
282.2 
282.2 

?ucnaco M 
?urnace M 

W 

S 
75-125 
75-125 

20 - 35 

80-120 

Titanium 
CPl 283.2 Iurnaco AA w 10 ug/L 75-125 80-120 20 
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T a b l e  9-5 (Cont. 1. 

Hothod Hothod Brief Doscription Mtrix Detection Z Spike Z Known RPD 
0 

Emf mtmnce -C of ?lothod (S/W Limit Recovery Recovorp hrplicatos 

Vanadium 
EP1 200.7 ICP W 10 ug/L 75-125 80-120 20 

sn 6010 ICP W 10 ug/L 75-125 80-120 20 

sw 6010 I CP S 1.0 mg/kg 75-125 -- 35 

Zinc 
UP1 200.7 I CP 
- 

sw 6010 ICP 

sw 
9-6 

6010 I CP 

W 10 uq/L 75-125 80-120 20 

W 10 ug/L 75-125 80-120 20 

S 1.0 mg/kg 75-125 -- 35 

The following non-CLP and CLP methods contain analytes with differing QC criteria. Analyte specific QC 
limits are listed in this documont in the roferencmd tables (i.o., 9-6 refers to Tab10 9-6): 

Base/lOmutral/Acid Extractables 

625 Extraction, G C p S  

sw 8270 Extraction, G C p S  

CLP -- Extraction, OC/MS 

Volatile Organic Compounds 

SP2 

sn 

CLP 

Pesticidos/PCBs 

BP2 

SW 

CLP 

624 Purge L Trap, GC/MS 

8240 Purge L Trap, G C p S  

-- Purge P Trap, W/MS 

608 Extraction, aC/ECD 

8080 Extraction, GC/ECD 

-- Extraction, GC/ECD 

Organophosphorus Pesticidms 
sw 8140 Extraction, GC/FPD 

w 9-619-8 9-14 9-15 

s p  9-619-8 9-14 9-15 

s f l  9-7/9-9 9-14 9-15 

W 9-10 9-14 9-15 

S f l  9-10 9-14 9-15 

s/w 9-11 9-14 9-15 

9-14 

9-14 

9-14 

9-14 

9-14 

9-14 

W 9-12 9-14 9-15 9-14 

S/w 9-12 9-14 9-15 9-1 4 

S/W 9-13 9-14 9-15 9-14 

S 1 v/kg 75-125 80-120 40 
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EP2 610 Extraction, GCflID W 10 Ug/L 75-125 80-120 

75-125 80-120 

40 

40 sw 8100 Extraction, GC/?ID S 1 q / k g  

Phenolic Compounds 
s# 8040 Extraction, GCflID S 1 =wkg 75-125 80-110 4 0  

40 
Herbicides 
sn 5091) Extraction, esterifi- W 0.5 ugfi 

fication, oc/rcD 
75-125 80-120 

8150 
(modified ) 

Extraction, esterif i -  W 0.5 ug/L 
cation, with B?j,ac/rcD 

75-125 80-120 4 0  

40 8150 
(modified) 

Extraction, estmriti- S 1 mg/kg 
cation, with BF3,GC/EcD 

75-125 80-120 

Volatilo Salogenated BydrocarbOns** 
EP1 601 Purge and trap, w 0 .5  u9/L 75-125 80-120 

aC/Ball 
4 0  

4 0  sw 8010 Purpe and trap. S 1 rP/kg 75-125 80-120 
GC/Hal 1 

Volatile M o u t i c  Hydrocarbons4* 
EP1 602 Purge and trap. W 0.5 ug/L 75-125 80-120 40 

GC/PID 

sw 8020 Purpe and trap, s 1r9flg 75-125 80-120 40 

Ethylon. Dlbroride 
ZPl 601 Mdffied to include W 1 ug/L 75-125 4 0  80-120 

tDb in calibration 

Detection lidta are target valuea and m y  be affected by matrix. 

Completeness objoctivos for a11 pararters 95% unless stated otherwiae. 

4*Dot.ction limts and PC criteria are approximate limit. representative of tho entire class of compounds. 
Limits and criteria for individual co~pound8 will vary. 
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h 

KEY: Mothod roforenco abbroviations as follows: - 
CLP: EPA "Contract Laboratory Program," Statenont of Work, Fobruary 1988. 
EPl: CPA "Mothod8 for  Chomical Analysis of Wator and Wastos," EPA-600/4-79-020, Rovisod March 1983. 
EP2: "Hothods for  Chonical Analysis of Municipal and Industrial Wastowator," Appondix A to Part 136 

(40 C?R Part 136), July 1967. 
EPA "Tost Mothods for  Evaluating Solid Wastos," SW-846, Soptenbor 1986. SW: 

ASTM: "American Socioty for Tosting and Matorials," Rovisod 1984. 
SH: "Stand8rd Hothods for Exanination of Wator and Wastowator, 16th Edition, 1985. 
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625/8270 8270 lor 
a t o r  Low1 soil 
PnF 

bis(2-chlorootbpl)othor 
1.3-dichloroknsono 

1,2-dichlorobonsono 
bis(2-chloroisopropyl)othor 
A-nitrosodipropylarino 
hoxachlorooth.no. 
nitrobonsono 
isophorono 
bia(2-ehloroothoxy)wthano 
l,2,4-trichloroknrono 
naphthalono 
hoxachlorobutadiooo 
hoxachlorocyclop.ntadiono 
2-chloronaphthalono 
dirothyl phthalato 
aconaphthylono 
f luo rono 
aconaphthono 
2.4-dinitrotoluono 
2,6-dinitrotoluono 
diothylphthalato 
4-chlorophonyl phony1 othor 
Il-nitrosodiphonylamino 
4-bromophonyl phony1 othor 
hoxachlorobonsono 
phonanthrmm 
anthracono 
di-n-butyl phthalato 
f luo ranthono 
bonsidino 
pyrono 
butyl bonsyl phthalato 
3,3~-dichlorob.nsidino 
bonso(a)anthracono 
bir(2-oth~lhoxyl)phth~lato 
chrysono 
di-n-octyl phthalato 
bonso(b)fluoranthono 
bonso(k)fluoranthono 
bonso(a)pyrono 
indono(l.2.3-cd)~rono 
dibonro(~,h)anthracono 
bo~ro(ghi)porylono 

l . I - d i c h l o ~ ~ b . ~ s ~ ~ ~  

10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 ' 
10 

10 
10 
10 
10 
10 
10 
10 
LO 
50 
10 
10 
20 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330, 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 

1,600 
330 
330 
660 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
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Dotoction Limits QC Critoria - It.trix Spike' 
Soil - Water - Lo=/ Lou soil/ 

Sodirnt mp1iC.t. % S p i k ~  Duplicate % Spiko 
c-d U g F  ug/kg RPD Recovery RPD Rocovory 

bir(2-Chloroothyl) othor 
1,3-Dichlorobonrono 
1.4-Dichlorobonsono 
Bonayl Alcohol 
1,2-Dichlorobonsono 
bis(2-Chloroisopropyl)ethor 
N-N~ttOSO-DfprOpy1.BinO 
Rox~chlorooth~no 
Nitrobonrono 
tsophorono 
Bonsoic Acid 
bi~(2-Chloroothoxy)~othano 
1,2,4-Trichlorobenrono 
kphthmlono 
4-chloroaniline 
Hoxachlorobutadiono 
2-Uothyln8phthalono 
Rexmchlorocyclopont~dione 
2-Chloronaphthalono 
2-Nitroanilino 
Dimothyl Phthalato 
Aconmphthylond 
3-Nitroanilino 
Aconaphthond 
Dibonxofuran 
2,4-Dinitrotoluono 
2,6-Dinitrotoluono 
Diothylphthalato 
4-Cblorophonyl Phonyl othor 
rluo con. 
4-Nitroaniline 
Fnitrosodiphonyl~rino 
4-Browphonyl Phonyl othor 
Hoxaehlorobonxono 
Phonanthrono 
Anthracono 

Flu0 r~nthono 
Di-n-butylphth~lato 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
5 0  

10 
10 
10 
10 
10 
10 
10 
10 
50 
10 
10 
50 

10 
10 
10 
10 
10 
10 
10 
50 
10 
10 
10 

10 
10 
10 
10 

330 
330 
330 
330 
330 
330 
330 
330 
330 
330 

1,600 
330 
330 
330 
330 
330 
330 
330 
330 

1,600 
330 
330 

1,600 
330 
330 
330 
330 
330 
330 
330 

1,600 
330 
330 

330 
330 
330 
330 
330 

-- 
I 
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-10 *7  (cart. ) 

Qyronm 
6atpl Brsyl Phthalato 
3,3~-Dichlorobonxidino 
b.nxo(a).ntbracono 

Qrysono 
bf~(2-0t~lh0rgl)phth.lato 

D i - w c y l  Wtha1.t. 
~8o(b)tluoranthono 
Bonxo(k)flroranthono 
Oonxo(a)pyr.no 
Indmno(l~2,3-cd)pyroao 
Dibon8o(m,h)anthracono 
i).axo(g,h,i)porylono 

10 
10 
20 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

330 31 
330 
660 - 
330 - 
330 
330 - 
330 - 
330 
330 
330 - 
3 30 
330 - 
330 - 

*Solut.d Compound8 

Miur Wetor Contract Roquirod Dotoction Limits (CIDL).for SODi-vOlatilO Corgounds aro 100 ti8.S tho 
individual Lou Wator CBDL. 

0 Miurn Soil/Sodiwat Contract Roquirod Dmtoction Limits (CRDL) for 5o~i-8SL Compounds aro 60 ti'mos tho 
indiridu.1 L o w  Soil/Sedinnt CaDt. 
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htoction Lirits 

625/8270 L a w  Level 
water soils 

8270 

Compound U n F  ug/M 

phon01 

2-chlorophonol 

2-nitrophonol 

2,I-dimethylphonol 

2.4-dichlorophonol 

4-chloro-3-mothylphonol 

2,4,6-trichlorophono1 

2,l-dinitrophonol 

4-nitrophonol 

4,6-dinitro-2-methylphonol 

pont~chlocophonol 

10 

10 

10 

10 

10 

10 

10 

50 

50 

50 

50 

330 

330 

330 

330 

330 

330 

330 

1,600 

1,600 

1,600 

1,600 

~~~~ ~ 

loto: See CLP Acid Phenol listing Cor QC criteria 
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Phon01 

2-Chlorophsnol 

2 4 0  thylpho~o 1 

4-15.tbylphraol 

2-llitroph.aol 

2,4-Dirthylphonol 

2.4-DicI1lorophonol 

4-Chlora-3-wthglphonol 
(p.ra-chloro-iot.-cro~ol) 

~,4.6-Trichlorophonol 

2,4,5-Tricbloropbonol 

2,4-Dinitrophonol 

4,6-Dinitro-2-iothylphonol 

4-Uitrophonol 

Pontachlorophonol 

10 

10 

10 

10 

10 

10 

10 

10 

10 

50 

50 

50 

50 

50 

330 

330 

330 

330 

3 30 

330 

330 

330 

330 

1,600 

1,600 

1,600 

1,600 

1,600 

12-89 

27-123 

- 

- 
- 
- 
23-97 

- 
- 
- 
- 

10-00 

9-103 

26-90 

25-102 

26-103 

I 

- 

11-114 

17-109 

*Soloctod Compound. 
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Dmtoction Limit8 
8240 0240 

nath.no1 H08t.d 
624/8240 Extraction Purge and 

soils Trap - Soils - 
U g F  ug/kg ug/Lg 

chloro~othano 
bromomothano 
vinyl chlorido 
chloroothano 
mothylono chlorido 
1,l-dichloroothono 
1,l-dichloroothano , 

tran~-1,2-dichlorooth~no 
chloroform 
1,2-dichloroothano 
l,l,l-trichloroothano 
carbon totrachlorido 
btomodichloromothano 
1,2-dichloropropano 
trana-1,3-dichloropropono 
ttichloroothono 
chlorodibro~omothano 
1,1,2-trichloroothano 
bonsono 
c~~-1,3-d~chloropropono 
2-chloroothylvinyl othor 
bromoform 
totrachloroothono 
1,1,2,2-totrachloroothano 
toluono 
chlorobonsono 
othylbonrono 

* 10 
10 
10 
10 

5 

5 

5 

5 

5 

5 

.5 

5 

5 

5 
5 

5 

5 

5 
5 

5 

10 
5 
5 

5 

5 
5 

5 

2,000 
2,000 
2,000 
2,000 . 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1.000 

1,000 
1,000 
I, 000 
1,000 
1,000 
1,000 
2,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 

10 
10 
10 
10 
5 
5 

5 

5 
5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
5 
5 

10 
5 
5 
5 
5 

5 

5 

Noto: So. CLP Volatilo Organics Listing for QC Critoria 
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-10 romothum 
Bromowthmo 
Vinyl Chlorido 
Qloroothaao 
?bthylono Chlorido 
Aeotw. 
Carboo Dimulfido 
l,l-Mchloroothono 
1,l-Dichloroothano 
1,2-Mchlaroothono 
Qlorof o m  

1 ,2-Mchloroathana 
2-Butanomm 
l,l,l-Trichlocoothano 
Carbon Totrachlorido 
Vinyl ~cotato 
Brodichloro~nth.no 
1,1,2,2-htrachloroothano 
1,2-Dichloropropana 
tr.as-l,EDichloropropano 
Trichlorooth.no 
Dibrorochloronthano 
1,1,2-Trichlorooth.n~ 
Boarono 
cim-1,3-Dichloropropono 
Bromoform 
2-Iloxanona 
4-!4otbp3-2-pontanono 
Totrachloroothono 
Toluono 
Chlorob.xuoao 
Ethyl BOn8.a. 

Stytono 
Total Xyl.rr.8 

10 
10 
10 
10 
5 
10 
5 
5 
5 
5 
5 
5 

10 
5 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
10 
10 
5 
5 
5 
5 
5 
5 

10 
10 
10 
10 
5 

10 
S 
5 
S 
5 
5 
5 

10 
5 
5 

10 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
10 
10 
5 
5 
5 
5 
5 
5 

- - 
22 59-172 - - 

4Soloctod Compounds 

Xodiur Wetor Contract Roquirod Dotoction Limits (CaOL) for Volatilo HSL Compounds aro 100 
ti-8 tho individual L o w  Wator CRDL. 

a 

100 timom tho individual L o w  Soil/Sodinnt ClWL . 
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'hbh 9-12 

PRIORITY POLLUTAMT PESTICIDES AIR) PCBS 

m t u t i o n  Limits 
608/8080 8080 

Water SO11 

Compound u g f i  .g/kg 

Aldrin 
a-BHC 
b-BHC 
g-BHC 
d-BHC 
Chlo r dano 
4,4'-DDD 
4,4'-DDE 
4,I '-DDT 
Dioldrin 
Endosulfan I 
Endosulfan I1 
Endosulfan rulfato 
Endrin 
Endrin aldohydo 
Hoptachlor 
Hoptachlor opoxido 
Hmthoxychlor 
PCB - 1016 
PCB - 1221 
PCB - 1232 
PCB - 1242 
PCB - 1240 
PCB - 1254 
PCB - 1260 
Toxaphono 

0.025 
0.025 

0.025 

0.025 

0.025 

0.20 
0.05 
0.05 

0.10 
0.05 

0 .05 

0 .05 

0.10 
0.05 
0.10 

0.025 
0.05 

0.04 
0.50 

0 .50 

0.50 
0.50 

0.50 
0.50 
0.50 
1.0 

0.001 
0.001 
0.001 
0.001 . 
0.001 
0.008 
0.002 
0.002 
0 .005  

0.002 
0.002 
0.002 
0.005 

0.002 
0.005 
0.002 

0.001 
0.016 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.050 
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QC Critmrim - b t r i x  Spike* 

I t o r  soil 
apliutr rpiko  Rplicrto Spiko 

.1D M muoTmry 

alph-1UIC 
bOt8-mC 
d.lta-MC 
gam-- (Lindano 1 

Aldrin 
Ibptachlor .poxid. 
Cadosu1f.a I 
Dioldrin 
4 4 '-DDI 
tadrin 
Irrdosulfan 11 
4 * 4 ' -DDD 
lndrin Alddtydo 
Irrdosu1f.a Sulfato 

Eoptachlor 

4,4'-DDZ 
Endrin Ketone 

Hothoxychlor 
alpha Chlordmno 
g . l u  Chlordmno 
Toxapbone 
=R-1016 
-R-1221 
-R-1232 
AIOCLQR-12 4 2 
=R-12 4 8 
AIOCLQR-1254 
AIOCLQR-1260 

0.05 
0 .05  

0 .05  

0 .05  
0 .05  

0 .05 
0.05 
0.05 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.5 
0.5 
0.5 
1.0 
0.5 
0.5 
0.5 
0.5 
0.5 
1.0 
1.0 

8 . 0  
8 . 0  
8 . 0  
6.0 
8 . 0  

8 .0  
6 .O 

8.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
8 0 . 0  

60.0 
8 0 . 0  

160.0 
80 .0  

60.0 
8 0 . 0  

8 0 . 0  

8 0 . 0  

160.0 
160.0 

- 
56-123 
40-131 
40-120 - 
52-126 - 
56-121 - 
- - 

30-127 - 
- 
- 
- 
- 
- 
- 
I 

- 
- 
- 
- 

I 

- 
- 

46-121 
35-130 
34-132 - 
I 

31-134 
I 

42-139 - 

I 

2 3 - 1 3 4 0  I 

-- 
I 

I 

-- 
I 

*Those limits aro for soloctod compounds and aro advisory only. 

**Spocitic dotoction limits aro highly ~atrix-dopondont. Tho dotoction lirits listod horoin are 
prooidod for guidanco and u p  not always bo achiovablo. 

Hodium wator Contract Roquirod Dotoction Limits (CRDL) for posticido BSL co.gounds aro 100 tirs tho 
iadiVidU81 low wator CRDL. 

JIodium soil/sodirnt Contract Roquirod Dotoetion Limits IcnOL) f o r  posticido BSL compounds aro 15 timos 
tho indirihl low soil/sodirnt CBDL. 
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W.ter* 
Fr8Ctim I(.trix Spike Corpound Recovery RPD 

soil/ 
Sedinnt 
Recovary RPD 

VOA 

VOA 

VOA 

VOA 

VOA 

I). 

I). 

I). 

E. 
B. 
I). 

Acid 
Acid 
Acid 
Acid 
Acid 
Pest 
Post 
Poat 
Post 
Poat 
Post 

1,l-dichloroetheno 
Trichlorothone 
Chlorobenrone 
Toluene 
bensene 
1,2,4-trichlorobonaone 
Acenaphthene 
2,4-dinitrotolueno 
Pyreno 
19-nitroao-di-n-propylamine 
1,4-dichlorobonaone 
Pentachlorophonol 
Phon01 
2-chlorophenol 
4-chloro-3-methylphonol 
I-nitrophenol 
Lindane 
Heptachlor 
Aldrin 
Dieldrin 
Endrin 
4,4'-DDT 

61 - 145 
71 - 120 
75 - 130 
76 - 125 
76 - 127 
39 - 98 
46 - 118 
24 - 96 
26 - 127 
41 - 416 
36 - 97 
9 - 103 
12 - 89 
27 - 123 
23 - 97 
10 - 80 
56 - 123 
40 - 131 
40 - 120 
52 - 126 
56 - 121 
38 - 127 

14 
14 
13 
13 * 

11 
28 
31 
38 
31 
38 
28 
50 
42 - 
40 
42 
50 
15 
20 
22 
le 
21 
27 

59 - 172 
62 - 137 
60 - 133 . 
59 - 139 
66 - 142 
38 - 107 
31 - 137 
28 - a9 
35 - 142 
41 - 126 
28 - 104 
17 - 109 
26 - 90 
25 - 102 
26 - 103 
11 - 114 
46 - 127 
35 - 130 
34 - 132 
31 - 134 
42 - 139 
23 - 134 

22 
24 
21 
21 
21 
23 - 
19' 
47 
36 
38 
27 
47 
35 
50 
33 
50 
50 
31 
43 
38 
45 
50 

'Roferencod - USDPA Contract Laboratory Program - rovisod ?obruary 1988. 
Note: Theso limit. aro for advisory purposoa only. 
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Past 

Toluano-d8 

4-browfluoroben~ana 

1,2-dichloto8th~cd4 

I l i t r o k n s a n ~  

2-tluorobipha1yl 

ptarphaayl4 

Pbanol-d5 

14 

2-fluorophanol 

1,4,6-tribromophanol 

Dibutylchlorandata 

68 - 110 
86 - 115 
76 - 114 
35 - 114 
43 - 116 
33 - 141 
10 - 94 

21 - 100 
10 - 123 
(24 - 154)** 

81 - 117 
74 - 121 
70 - 121 
23 - 120 
30 - 115 
16 - 137 
24 - 113 
2s - 121 
19 - 122 
(20 - 150)** 

*Rafaroncad - USEPA Coatrsct Laboratory ?ropru. raoisod July 1985. 

* * T ~ H  limits arm for advisory purposas only. They arm not used to datarrina 
if a sarpla should ba roaaalysad. man sufticiont d&ta b a c o n  svaihbla, tha 
USXOA m y  sat parformanca basad contract roqmirad windows. 
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Jlothod mthod 
Roforonco -r 

Brief D.8cription 
of hthod 

sw 3550 

sw 3510 

sw 

sw 

sw 

m 

5030 

3010 

3020 

3050 

Sonication Extraction - Soil5 - 
Organic Analyai5 

Soparatory Funnol Liquid-Liquid 
Extraction - Watorr - Organic Analyaia 
Purgo-and-Trap - Wator and Soil - 
Organic Analyair 

Acid Digostion of Aquoous Sarplos for 
Total Motala for ICAP 

Acid Digoation Of AqU.ous SAmplOS for 
Total Mota18 for lurnaco 

Acid Digostion of Sodimonta, Sludgoa, 
And Soils for Total Motala 

SW: PPA "Tmst Hothods for  Evaluating Solid Wastor" SW-846, Third 
Edition, Septorbor 1986 
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to be used for preparation of saaples (i.e., digestions, &tractions, 
purge and trap, etc). 

Hethodology references contain specific QC criteria associated with 
the particular methods. 
tion, tuning, and QC samples and are described in detail within the 
methods. 
accuracy are required. 

These specific requirements include calibra- 

Daily performance tests and demonstration of precision and 
[Detection limits are updated 8 t  least 

-1Y- 1 
Eazardous waste characteristic parameters, which include ignitabil- 

i ty, corrosivity, reactivit'y, and extraction procedure (EP) toxicity, 
are also performed at E & E ' s  ASC and are listed as a separate category 
in Table 9-5. Where possible, these parameters are subject to the same 
WQC requirements as specified in Sections 5, 10, and 11 of this docu- 
ment. 
California wet test or the toxicity characteristic leaching procedure 
(TCLF'). 

In addition to BP toxicity, E & E ' s  ASC can perform the 

For marine sediments, procedures consistent with the State of 
Florida Department of Environmental Regulation are used for digestion 
(see Deepwater Ports Uaintenance Dredging and Disposal Hanual). 
Hydrogen peroxide will be used to remove organic matter rather than 
perchloric acid). 
criteria listed in Table 9-5. 
48 hours and will not be preserved. 

(Note: 

Analysis will be done according to the above SW-846 
Sedirent samples will be digested within 

For biological tissue testing, E & E ' s  ASC adapts procedures set 
forth in Official Methods of Analysis published by the Association of 
Official Analytical Chemists (AOAC). Host commonly requested analyses 
involve analyzing fish tissue for the presence of pesticides/PCBs or 
metals. Generally, the detection limits and QC acceptance criteria are 
equivalent to those listed for SU-846 soil samples. However, data 
quality objectives depend heavily on the tissue type and must be 
determined on a site-specific basis, for biological analyses. 

Table 9-17 lists analytical method data for selected a 

radiometric/radioactive element analyses which may be required for this 
program. 
subcontract laboratory and not the A S C I  

[Any required radiometric analyses will be performed by a 

9-33 [Bold items enclosed in brackets denote changes from original text] 
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Tablo 9-17 

SELECTED RADIOwFzazC AIULRICAL llFzBODS 

lWR UATSR SAIIPUS 

Hothod 
lhukr 

Briof Description Detection 
of Hothod Limit 

900 Gross Alpha 0.5 2 0.4 pc/L 

903.1 Radium 226 0.2 2 0.2 PC/L 

904.1 Radium 228 0 . 1  2 0.09 pc/L 

SOURCE: EPA-600-4-80-032 "Prescribed Procedures for 
Momsuroment of Radioactivity in Drinking Water", 
USEPA, August 1980. 

NOTE: pc/L = pic0 Curies per liter 
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10. DATA REDUCTION, VALIDATION, AND REPORTING 

QA/QC requirements from both methodology and company protocols will 
be strictly adhered to during sampling and analytical work. 
generated will be reviewed by comparing to guidelines established in 
SW-846 Chapter 1 (Quality Control), or the CLP criteria outlined in the 
following documents: 

All data 

o EPA, Hazardous Site Control Division, Laboratory Data Validation 
Functional Guidelines for Evaluating PesticidesIPCB’s Analyses, 
R-582-5-5-01, Hay 28, 1985. 

o EPA, Hazardous Site Control Division, Laboratory Data Validation 
Functional Guidelines for Evaluating Organics Analyses, 
R-582-5-5-01, Hay 28, 1985. 

o EPA, Office of Emergency and Remedial Response, Laboratory Data 
Validation Functional Guidelines for Evaluating Inorganics 
Analyses, 1985. 

Note that CLP criteria consistent with the current Statement of 
Work (organics - February 1988, inorganics - July 1987) will be used if 
different from the above documents. The current criteria are listed in 
Section E (QA/QC Requirements) of the Statement of Work. Sections 4, 8, 
9, and 14 of this document include some of the QC criteria to be 
utilized in the data validation process. Standard operating procedures 
for EPA CLP organic and inorganic data package review will be adapted to 
incorporate data validation guidelines in the NEESA manual: Sampling 
and Chemical Analysis Quality Assurance Requirements for the Navy 
Installation Restoration Program. 

For non-CLP methods, all data generated will be reviewed by 
comparing calibration, accuracy and precision to the QC criteria listed 
in the method and Table 9-6, 9-8, and 9-10. The validation procedure is 
generally composed of the following steps: 

10-1 4 
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~ 

0 

0 

0 

0 

0 

0 

verify Correct samples were analyzed and reported in appropriate 
units; 

verify preservation and holding times as specified in Tables 7-1 
through 7-3; 

verify calibration curve is valid and checked daily; 

verify no analytes are present in the method blanks and that one 
blank is run every 20 samples; 

verify that a blank spike laboratory control sample (see Table 
8-1) is run every 20 samples and that percent recovery is within 
20% of the known amount; 

verify that a replicate and matrix spike, or matrix spike and 
spikedupl’icate are run every 20 samples, and that QC criteria 
are in-control. 

All calculations and data manipulations are included in the 
appropriate method or internal standard operating procedures. 
data are plotted on control charts. 
all QC sample calculations and at least 10% of the sample calculations 
to ensure data manipulations are correct. 
the supervisor and audited routinely by a QC chemist. 
discussion of control chart procedures see the laboratory QA/QC 

procedures manual. 

All QC 
Laboratory supervisors will verify 

Control charts are checked by 
For a further 

All data will be documented in bound laboratory log books or on raw 
data output directly from the-instrument. 
be compiled in a data package or summary report vhich will be submitted 
to the project manager. The reports and associated raw data will be 
stored in the control job file at the ASC for a period of five years 
after the final report is issued. A copy of these data will be provided 
to the Navy, upon request. 

Analytical and QC data will 

Reports will be reviewed by the laboratory supervisor, the QA offi- 
cer, ASC manager and/or director, and the project manager. All data 
will be evaluated for precision, accuracy and completeness. Field QC 

saaples are not generally distinguished from routine samples by 
personnel at the ASC. 
field QC chemist assigned by the project manager. 
information will be included in the analytical reports: 

All field QC results will be validated by the 
The following 

10-2 
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o For those analyses requiring EPA CLP procedures, E & E will 
provide a data package in the USEPA CLP format. This will 
include results, matrix spike and duplicate information, 
calibration, tuning where appropriate, and blank results. 
All supporting raw information will be provided. 
details of the data package contents are provided in the 
relevant Statement of Work. 

Full 

o For those analyses or series of analyses which do not 
require CLP procedures, a data tabulation including results 
and supporting QC information will be provided. Currently, 
tabulated results are separated by method and by matrix 
with several samples reported per page. 
available for later inspection, if required, and maintained 
in the control job file. 

Raw data will be 

The ASC will provide a copy of all control charts associated with 
the samples in a monthly progress report. 
flow/reporting scheme. 
contained in Appendix G. 

Figure 10-1 presents a data 
An example of the data reporting format is 

As part of the investigation report prepared for each site, summary 
tables, isopleth maps, surface contour maps, graphs, bar charts, etc., 
will be used, as appropriate, to most effectively summarize/present the 
data and findings generated for that site. 0 
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DATA GENERATED BY ANALYSTS 

t 
DOCUMENTED IN LOGBOOKS/ DATA SHEETS OR ON MAGNETIC TAPE 

DATA APPROVED BY RES'PECTIVE LAB SUPERVISOR 

DATA TABULATED AND COB~PILED INTO REPORT FORMAT 
(Job File) 

c 
REPORT APPROVED BY RESPECTIVE SUPERVISOR 

1 
REPORT APPROVED BY REFORTS OR OAIQC COORDINATOR . 

REPORT APPROVED BY. LABORATORY MANAGER 

I 
REPORT APPROVED AND VALIDATED BY A CHEMIST 

FROM CORmRATE QA/QC UNIT 

1 
REPORT APPROVED BY PROJECT MANAGER 

VALIDATED ANALYTICAL REPORT PACKAGE SUBMITTED TO CLIENT 

a 

Figure 10-1 DATA FLOW/REPORTING SCHEME 

0001 389 10-4 



11. 1 " A L  QUALITY CONTROL CHECKS 

QC data are necessary to determine precision and accuracy and to 
demonstrate the absence of interferences and/or contamination of glass- 
ware and reagents. Field QC will include duplicates, trip blanks, field 
blanks, field equipment blanks, and miscellaneous field QC samples. 
Labortory-based QC will consist of standards, replicates, spikes, 
blanks, and blank spikes. 

11.1 FIBIQ [QUALITY CONTROL] (W) SAMPLES 

Duplicate samples at each site will be collected at a frequency of 
10 percent for each sample medium (i.e. soil/sediment, water, etc.) as a 
general rule. The duplicate sampling requirements for each site will be 
described in detail in the SQAPP and site-specific work plan. Duplicate 
samples provide insight as to the homogeneity of sample matrix, and 
enable consideration of variations in contaminant concentrations present 
in the matrix. 
confidence in the samples representation of site conditions. 

0 

Duplicate sample data establishes a certain degree of 

Trip blanks are collected to establish that the transport of sample 
bottles to and from the field does not result in the contamination of 
the sample from external sources. Trip blanks will be collected only 
for, and in conjunction with, volatile organics analyses (VOA) sample 
tasks. If the 40.ml VOA vials are shipped to the field team by the ASC 
sample custodian, two vials filled with analyte-free water (capped and 
labeled) will accompany the shipment to and from the lab. 
that VOA vials are shipped to the field from retail bottle source such 
as I-Chem, trip blanks will be prepared upon receipt. Two 40 ml vials 
will be filled with organic free water, sealed, and labeled in a clean 
area. As a rule, no more than one trip blank will be shipped per day 
during the VOA sampling activity. 

In the event 

11-1 
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Field equipment blanks are blank sadlples (sometimes called transfer 
blanks or rinsate blanks) designed to demonstrate that sampling 
equipment has been properly prepared and cleaned before field use, and 
that cleaning procedures between samples are sufficient to minimize 
cross contamination. If a sampling team is familiar with a particular 
site, they may be able to predict which areas or samples are likely to 
have the highest concentration of contaminants. 
constraints apply, these samples should be taken last to avoid excessive 
contamination of sampling equipment. 

Unless other 

Field blanks will be collected daily in the field as a check to 
assess the potential affects of ambient conditions upon saaple 
integrity. 
parameters required of samples collected on each given sampling day. 
The bottles will be filled with organic free water and preserved as 
required for analyses. 

Miscellaneous field QC samples will be collected as required by the 

One set of field blanks will be prepared for analytical * 

site-specific workplans and addressed in the SQAPP. 
sampling involves the analysis of investigation water sources and 
monitoring well drilling fluids if used. Because the water supply 
source is used in decontamination and well drilling activities, it is 
essential that the possibility for introduction of outside contaminants 
be investigated through sampling. Drilling fluids (muds) that are used 
during well installation also must be analyzed in order to assess the 
possibility of mud constituents affecting groundvater samples. 

This tube of QC 

The collection of field QC samples, including the conditions under 
which the samples were collected, will be thoroughly documented in the 
field logbook. 

11.2 LABORATORY [QULLLIR COwraOL] (QC) ANALYSES 

Laboratory-based QC will comprise at least 10% of each data set 
generated and will consist of blanks, duplicate/replicates, standards, 
spikes, QC check samples, and blank spikes. 
particular method used, QC may be rigorous, but at a minimum, one spike 
or replicate per 10 samples or run, whichever is greater, will be 

Depending upon the 

analyzed for every analytical run. Field duplicates and field blanks 
will be analyzed by the laboratory as samples and will 

11-2 
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be identified to the laboratory as duplicates or blanks. 
samples used for field duplicates will be split by the laboratory and 
used for the laboratory duplicate, matrix spike or matrix spike 
duplicate. 
data. Specific QC requirements for CLP organic and inorganic analyses 
are incorporated in USEPA'S Contract Laboratory Program, Scope of Work 
for Orgahic and Inorganic Analyses. 

The same 

QC records will be retained and results reported with sample 

All QC results will be tabulated or plotted on control charts. 
Control limits are calculated for the first twenty to thirty results and 
updated annually or every 100 results, whichever is more frequent. 
Control limits are compared to the QC acceptance criteria of the method 
when appropriate or used internally to judge the quality of the data. 
ASC procedures for control charts are discussed in the laboratory QA/QC 
procedures manual. 

Laboratory Blanks. 
Three types of blanks routinely analyzed in the laboratory are 

field blanks, method blanks, and reagent blanks. The usual field 
blanks, ' namely trip blanks , equipment blanks, and field blanks and 
miscellaneous QC samples are described above. 
laboratory as samples, and their purpose is to assess the sampling and 
transport procedures as possible sources of sample contamination. 
Method blanks and reagent/ solvent blanks are used to assess laboratory 
procedures as possible sources of sample contamination. 

0 
They are analyzed in the 

o Method blanks for all samples consist of deionized water 
which is subjected to the entire sample procedure, includ- 
ing extraction, distillation, digestion, etc. as appropri- 
ate for the analytical method being utilized. 

o Reagentlsolvent blanks consist of individual reagents or 
solvents subjected to the entire sample procedure as 
appropriate for the analytical method being utilized. The 
blanks are only used if contamination problems are 
indicated by the method blank or if a new lot of materials 
is being,checked before use. 

Laboratory duplicate/replicate samples are aliquots of a single 
sample that is split on arrival at the laboratory or upon analysis. 
Duplicate/ replicate samples are often made from the field duplicate 

. 11-3 
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samples provided by the field sampling team. 
between laboratory duplicate/replicate samples are generally due to 
analytical technique, whereas significant differences in field duplicate 

Significant differences 

samples may be due to a variety of reasons. 
are used for metals analysis and most general analytical methods. 
Precision for organic analysis is generally determined with a matrix 
spike duplicate. 

Duplicate/replicate samples 

Calibration Standards 
A calibration standard is prepared in the laboratory by dissolving 

a known amount of a pure compound in an appropriate matrix. 
concentration calculated from the known quantities is the true value of 
the standard. The results obtained from these standards are used to 
generate a standard curve and thereby quantitate the capound in the 
environmental sample. 'A minimum of three calibration standards will be 
used to generate a standard curve for all analyses. 
analyses, a five point calibration curve is generally used. 

The final 

For organic 

Check Standard 
A check standard is prepared in the same manner as a calibration 

A check standard is obtained standard or MY be obtained from USEPA. 
frol a source independent of the source of the Calibration standard. 
The final concentration calculated from the known quantities is the 
"true" value of the standard. 
standard is that it is - not carried through the same process used for the 
environmental samples, but is analyzed without digestion or extraction. 
A check standard result is used to validate an existing concentration 
calibration standard file or calibration curve. The check standard can 
provide information on the accuracy of the instrumental analytical 
method independent of various sample matrices. 
usually analyzed if the spike sample results are out-of-control. 

The important difference in a check 

A check standard is 

Spike Sample 
A sample spike is prepared by adding to an environmental sample 

(before extraction or digestion), a known amount of pure compound of the 
same type that is to be assayed in the environmental saaple. These 

11-4 
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spikes simulate the background and interferefices found.in the actual 
samples and the calculated percent recovery of the spike is taken as a 
measure of the accuracy of the total analytical method. When there is 
insignificant change in volume due to the spike, i t  is calculated as 
follows : 

* 0 

100 (0-X) %R = __________  
T 

Where: %R P Percent recovery; 

0 = Measured value of analyte; 

X P Measured value of analyte concentration in the sample 
before the spike is added; and 

T = Quantity of added spike. 

Limits for acceptable percent recovery are established in the 
methodology references and presented in Section 9 of this document. 

Internal Standard 
An internal standard is prepared by adding a known amount of pure 

compound to the environmental sample; the compound selected is not one 
expected to be found in the sample, but is similar in nature to the com- 
pound of interest. 
sample just prior to analysis. (Note: Internal standards and surrogate 
spikes are different compounds. 
cation purposes using the relative response factor; surrogate spikes 
indicate the percent recovery and, therefore, the efficiency of the 
methodology.) 

0 
Internal standards are added to the environmental 

The internal standard is for quantifi- 

Matrix Spike/Duplicate 
Aliquots are made in the laboratory of the same sample and each 

aliquot is treated exactly the same throughout the analytical method. 
Spikes are added at approximately 10 times the method detection limit. 
The relative percent difference (RPD) between' the values of the matrix 
spike and matrix spike duplicate, as calculated below, is taken as a 
measure of the precision of the analytical method: 
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Where: RPD = Relative percent difference; 

I First sample value; and 

= Second sample value (duplicate). 
D1 

D2 

In general, the acceptance limit for RPDs between laboratory duplicates 
should not exceed 20% for validation in homogeneous samples. 
Section 9 for'criteria on RPDs. 

actual levels. 

Refer to 
Acceptable RPDs may vary depending on 

ouality Control Check Samples 
- 
USEPA free of charge and are used as a means of evaluating analytical 

Inorganic and organic control check samples are available from 

techniques of the analyst. 
entire sample procedure, including extraction, digestion, etc. as 
appropriate for the analytical method utilized. 

Control check samples are subjected to the 

Blurlt Spikes 
A blank spike sample is prepared by adding a known amount of 

analytes representative of the class compounds targeted by the 
procedure, to deionized water. Blank spikes are used to assess the 
effects of the actual process of sample analysis without considerations 
of matrix influences or sample non-homogeneity. .For GC/HS methods, 
surrogates spiked into the routine method blank are adequate as control 
analytes. For other methods, blanks should be spiked, analyzed and 
interpreted in the same manner as matrix spike samples. 
blank spike is a requirement unique to NEESA. 

routinely used at the ASC, because the analysis of known samples 
satisfies the same QA objectives. For any methods in which known 

samples are not equivalent to a blank spike, a blank spike program will 

(Note: The 
Blank spikes are not 

be instituted for NEESA related samples). 
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12. PERP0R"CE AND LABORATORY AUDITS 

Performance and laboratory audits include careful evaluation of 
both field and laboratory QC. 
regularly scheduled basis during the lifetime of the project to 
determine the accuracy of the measurement systems. 

Laboratory audits are performed on a 

Laboratory audits are of two types--external and internal. 
External audits take place at an approximate frequency of once every two 
months, and are carried out by such certifying agencies as USEPA, New 
York State Department of Eealth, the American Industrial Hygiene 
Association, the Corps of Engineers, the United States Air Force, the 
United States Navy, state agencies and major industrial clients. These 
external audits are specific to the needs of the individual agency or 
client, but all include reviews of analytical capabilities and 
procedures; chain-of-custody procedures; documentation control; quality 
control and quality assurance; and laboratory organization. All include 
analysis of blind samples for performance evaluation. 
therefore, a vital and objective element of E & E's QA program. 

They are, 

Internal audits of laboratory functional groups take place at 
[six-week] intervals. A QA officer will audit a laboratory by reviewing 
the analytical logbooks, control charts, and job files for the period 
since the previous audit and preparing a report to laboratory management 
listing discrepancies from acceptable procedures. Follow-up action by 
management may include sample re-analysis; an amended report to a client 
if necessary; and retraining of offenders. [A schedule for field audits 
will be included 'in the site-specific W P . ]  
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13. PREVENTIVEMAINTENANCE 

All laboratory and field instruments and equipment used for sample 
analysis will be serviced and maintained only by qualified personnel. 
Some major laboratory instruments (e.g., GC/MS, ICAP, AA) are maintained 
under service agreements with the manufacturer and will be serviced by 
lhanufacturer approved service agents. 
maintained by senior analysts and electronic technicians. The 
technicians are qualified service agents approved by several 
manufacturers for work on their instruments. All repairs, adjustments, 
and calibrations will be documented in an appropriate logbook or data 
sheet that will be kept on file. The instrument maintenance logbooks 
will clearly document the date, the description of the problems, the 
corrective action taken, the result, and who performed the work. 

E & E maintains a stock of spare parts and consumables for all 

All other instruments are 

0 
analytical equipment. In addition, there is sufficient redundancy of 
equipment items to allow operations to continue with a reasonable level 
of equipment failures. 

[Routine preventive aaintenance procedures are outlined in the 
standard operating procedures (SOPS) for major laboratory instruments 
and are summarized in Table 13-1. The frequency of routine proc'edures 
will vary depending on the production workload and types of samples 
analyzed. ] 
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Tablo 13-1 

Atomic Absorption - Graphic tub. replacornt 
Spoctrophotorter 

- Clean windorn and lensos 

Daily 

Daily 

- Qango injoction tubing Quarter ly 

A. needed. 

Daily 

- Qange nebuliror tips ICAP 

- Change pump tubing 

- Q.ngo in ju tor  tips and 
torches Quarterly 

Daily 

Daily 

Gas Chromatograph - Qanqe soptur 

- clip colua 
- a n g o  injoction port 

linor Daily 

- Ch.ngo colum 

- Eako dotectors As noedod+ 

JWss Spoctrowter - C1.m source Aa needed* 

As needed. Wrgo and Trap Unit - Change trap 
- Stea.rcloan lines A. nwdod* 

- Rofurbish 
(UI)XG120:D2945, 13004, -27 

*Approxiratoly monthly. 
**Approxiutoly qumrtorly. 
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14. . PROCEDURES USED TO ASSESS DATA ACCURACY, 

PRECISION, AND COHPLETEIWSS 
e 

Performance of the following calculations will be documented and 
included in the QC section. 

14.1 ACCURACY 
Accuracy is the difference between an average value and the "true" 

value when the latter is known or assumed. The term "accuracy" is 
normally used interchangeably with "percent recovery," and describes 
either recovery of a known amount of analyte (spike) added to a sample 
of known value, or recovery of a synthetic standard of known value. 

Where: SSR = Spike sample results; 
SR = Sample result; and 
SA = Spike added. 

NOTE: The units for the concentrations of spikes, samples, and observed 
and true values vary based on the analysis. However, they are typically 
pg/L or mg/L for water samples and pg/kg or mg/kg for soil samples. 

A v e r a g e  

The average (or arithmetjc mean) of a set of 'IN" values is the sum 
of the values divided by frN": 
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14.2 PRECISION 

Relative to the data from a single test procedure, precision is the 
degree of mutual agreement among individual measurements made under 
prescribed conditions. 
used to describe the precision of a method. 

An estimate of standard deviation is normally 

Stamlard Deviation Estimate 
Standard deviation estimate is the most widely used measure to 

describe the dispersion of a set of data. 
68%, and 

Normally, - + SD will include 
- + 2SD will include about 95%, of the data from a study. 

Relative Standard Deviation (RSD) 
The estimate of precision of a series of replicate ueasurements 

will usually be expressed as the relative standard deviation (RSD): 

Relative Percent Difference (BPD) 
A measure of the difference between two samples assumed to be 

identical through dividing (splitting) an original sample, analyzing 
each portion, identifying the values of the first replicate (X,) and 
that of the second replicate (X2), and dividing the ‘difference by the 
mean (X) of X, and X2. 

14.3 COIBLBTBNES 

Completeness is a measure of the amount of valid data obtained from 
a measurement system compared to the total amount expected to be 
obtained under normal conditions. 
required for a particular analysis and overall project objective. 

A 95% completeness figure is usually 

(14.4 O u d L I T p  CONTBOL (X4ltTS 

Quality control chaits are prepared after every 20 determinations 
The charts are prepared by determining the of precision and accuracy. 

meao of the determinations, setting warning limits of - +2 standard 
deviations, and setting control limits of - +3 standard deviations from 
the BUNE. The folloving equations are used: 
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n 
where n is the number of determinations and xi is the numerical value 
for the i determination. n 

Standard Deviation = 

n - 1  

Analysis is considered "out of control" whenever one of the 
following occurs: 

o One value is outside control limits; 
o Two consecutive values fall outside warning limits; or 
o Seven consecutive values fall on the same side of the mean. 

In the event of an "out-of-control" analysis, corrective action will. be 
initiated as described in Section 14.1 
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15. CORRECTIVE ACTION 

Corrective actions can be initiated as a result of performance and 
system audits, laboratory and interfield comparison studies, specific 
problems, and/or a QA program audit. They may also be required as a 
result of a request from the client. E & E will take all corrective 
action necessary to resolve an analytical problem. 
of client-requested corrective actions will be reported to client, with 
an estimate of effect on data quality, if any. 

Success or failure 

Corrective actions may include altering procedures in the field, 
conducting subsequent audits, or modifying laboratory protocol. Time 
and type of corrective action, if needed, will depend on the severity of 
the problem and relative overall project importance. 
ger is responsible for initiating corrective action and the ASC manager/ 
director or the team leader is responsible for its implementation. 

The project mana- 

Precision and accuracy will be regularly tracked by the analytical 
staff to determine unacceptable results and to evaluate and implement 
corrective actions. Precision and accuracy criteria for all analyses 
are listed in Section 9 of this QAPP, and laboratory supervisors and 
QA/QC staff will evaluate analytical data against the accompanying qual- 
ity control data for validity. 
not limited to, recalibration of instruments using freshly prepared 
calibration standards; replacement of lots of solvent or other reagents 
that g i v e  unacceptable blank values; additional training of laboratory 
personnel; or reassignment, if necessary. Corrective actions in many 
cases may have to be defined as the need arises. 

Corrective actions may include, but are 

If substantial corrective actson is required or if serious QA prob- 
lems are encountered, the client will be notified by phone and in 
writing as soon as possible. 
and documented after notification and approval of Navy IR Program EIC. 

All corrective action will be implemented 
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Doamen ta t ion 
'The ASC maintains a rigorous documentation system to ensure that 

all data are compared against established QC criteria. 
procedures for each laboratory are documented in an SOP approved by the 
QA coordinator, the ASC manager, and the ASC director. In general, all 
QC data are reviewed by the analyst, and approved by the supervisor, 
whom determines whether re-analysis is necessary and vhat corrective 
actions should be taken. Any out-of-control event that is submitted for 
reporting must be accompanied by a WOC discrepancy form describing vhy 
the data are acceptable and the corrective action takerf. 

Specific 

The QA coordinator maintains a file of all WQC discrepancy forms 
(Appendix E) and is responsible for insuring that follow-up corrective 
action is taken. The QA coordinator reports QA/W concerns to ASC and 
corporate manageaent in a monthly report. 
reviews 20% of all final data reports and all large data packages over a 
specified level and reports any problems, that have not had appropriate 
corrective action, to management. 

The QA coordinator also 
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16. QUALITY ASSURANCE REPORTS 

A general QA report which summarizes problems encountered through- 
out the laboratory effort, including sample custody, analyses, and 
reporting, is provided monthly to E 6 E’s laboratory management by the 
QA coordinator. 
resolutions in an effort to ensure data quality. 

This report identifies areas of concern and possible 

Throughout the course of a project, the QA coordinator will provide 
a monthly progress report (HPR) to the project manager who will in turn 
send it to the Navy I R  Program EIC monthly. 
following information: 

The MPR will include the 

o 

o Job number, sample number, client indentification, sample date, 
date received, and tests logged for all samples logged into 
LABHIS that month; 

Site name and contract number; 

o Tabulated data for blanks, spikes, laboratory duplicates and 
controls ; 

o Any changes in existing methods or addition of new methods; 

o Copies of all pertinent control charts; 

o Summaries of out-of-control incidents with references to related 
QA/QC discrepancy forms. 

o Description and justification for any changes in the QA program; 

o Changes in QA or technical personnel, along with resumes of new 
personnel ; 

o A l l  sample data approved by the project manager. 
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Upon completion of a project sampling effort, analytical and QC 
data will be included in a comprehensive report that summarizes the work 
and provides a data evaluation. 
results in the context of QA/QC procedures will be made, as well as a 
sumation of all QA/QC activity. 

A discussion of the validity of the 

A final QC data report will be sent to Navy IR Program.EIC by the 
project manager, three weeks prior to the final report. 
report will include the following: 

The QC data 

0 

0 

AI 

Level D QC, 20% of the water and 20% of the soils. The 
contractor will submit a full CLP data package; 

Level C QC, all deliverables listed in Table 7.6 of the NEESA 
manual. 

raw data, control charts, chain-of-custody, logbooks, 
instrument calibration and other sample related information will be’ 
stored at the ASC. The data will be stored for 5 years. 

Serious analytical problems will be reported to the Navy IR Program 
EIC. 
severity of the problem and relative overall project importance. 
Corrective actions MY include altering procedures in the field, 
conducting an audit, or modifying laboratory protocol. All corrective 
action will be implemented after notification and approval of the Navy 

Time and type of corrected action if needed, will depend on the 

IR Program EIC. 
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APPENDIX A 
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12. 

13. 

14. 

INTRODUCTION 

SITE DESCRIPTION 

SITE HISTORY 

CLIHATOLOGY 

BIOLOGICAL RESOURCES 

SURFACE WATER HYDROLOGY 

HYDROGEOLOGY 

7.1. Regional Hydrogeology 
7.2. Site Eydrogeology 

PROJECT MANAGEMENT PLAN 

SITE "AGE= P U N  

HEALTH AND SAFBTY PLAN 

OUALITY ASSURANCE PROJECT PLAN 

AERIAL PEOTOGRAPH ANALYSIS 

UTILITIES SURVEY 
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14.1. Phase I -- Screening 
14.1.1. Physical Survey 

14.1.1.1. Overall Physical Reconnaissance 
14.1.1.2. HNu/OVA Surface Emission Survey 
14.1.1.3. Radiation Survey 
14.1.1.4. HabitatIBiota Survey 
14.1.1.5. Asbestos Survey (Disposal Rubble) 
14.1.1.6. Hydrologic Assessment 

14.1.2. Geophysical Survey 

14.1.2.1. Electromagnetic Conductivity Survey 
14.1.2.2. Haggnetometry Survey 
14.1.2.3. Very Low Frequency Survey 
14.1.2.4. Ground Penetrating Radar Survey 
14.1.2.5. Seismic Refraction Survey 
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rn ~ENSLLCOLB -- GBNERbLIzgD WORK PLAN OUTLINE (Continued) 

14. FIELDWORK METHODOLOGY (Continued) 

14.1. Phase I -- Screening (Continued) 
14.1.3. Analytical Screening 

14.1.3.1. Soil Headspace 
14.1.3.2. Soil Gas 
14.1.3.3. Laboratory Analyses -- Surface Water 

Sediment 
Soil 
Groundwater 

14.2 Phase I1 -- Characterization 
14.2.1. Surface Water and Sediment Sampling 
14.2.2. Biota Sampling 
14.2.3. Soil Sampling 
14.2.4. Shallow Monitoring Well Installation and 

Development 
14.2.5. Groundwater Sampling 
14.2.6. Hydrologic Assessment . 
14.2.7. Air Sampling 

14.3. Phase I11 -- Extent Delineation 
14.3.1. Surface Water and Sediment Sampling 
14.3.2. Biota Sampling 
14.3.3. Soil Sampling 
14.3.4. 

14.3.5. 

14.3.6. Groundwater Sampling 
14.3.7. Hydrologic Assessment 
14.3.8. Air Sampling 

Shallow Monitoring Well Installation and 
Development 
Intermediate and Deep Monitoring Well Installation 
and Development 

14.4. Phase IV -- Extent Delineation 
14.4.1. 

14.4.2. 

14.4.3. Groundwater Sampling 
14.4.4. Hydrologic Assessment 

Shallow Monitoring Well Installation and 
Development 
Intermediate and Deep Monitoring Well Installation 
and Development 

14.5. Topographic Survey 
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Appendix A. Site-Specific Safety Plan 
Appendix B. .Site-Specific Quality Assurance Project Plan 
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Section 1.0 - Title and Approval Page 

Vork Plan Group: A 
Site No.: 1 
Site #ue: Sanitary Landfill 

Prepared by: Barry R. Levine 
Ecology and Environment, Inc. 
1203 Governor's Square Boulevard, Suite 401 
Tallahassee, Florida 32301 

Prepared for: Department of the Navy 
Southern Division 
Naval Facilities Bngineering Couand 
2155 Eagle Drive, P.O. Box 10068 
Charleston, South Carolina 29411-0068 
Contract Number N62467-88-GO200 

Signature Approvals: 

E & E Project hmger: 0 
J. Barksdale 

E & E WQC Director or 
Assistant WQC Director: 

T. YeatedR. Short 

B & E A% Director: - 
A. Clifton 

E & B WOC Project Officer: 
A. Schuessler 
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Section 3.0 - Project Surarp 

Work Plan Group: A 
Site No.: ' 1  
Site Name: Sanitary Landfill 
Site Description: A complete site description and history are presented in 

Sections 2.0 and 3.0 of the attached work plan. 

P b y c  I - Field Screening 
Physical Survey (check all that apply): 

Overall- Physical Reconnaissance 

Radiation Survey - Hydrologic Assessment 

- Eabitat/Biota Survey - 
Asbestos Survey (in Rubble) - HNu/OVA Surface Emission Survey - 

- 
GeephysicaJ Survey (check all that apply): 
- Electromagnetic Conductivity: 
- ~n-31 - En-34 - Seismic Refraction 

- Magnetometry - Seismic Reflection 
- Very Low Frequency 

- Ground Penetrating Radar 

Analytical Screening (check all that apply): 
- Field' Analyses: 
- Soil Headspace Analyses: Planned Number of Samples - 

Soil Gas Analyses : Planned Number of Samples - - 
- Laboratory Analyses: 

PLMWKD NUMBER OF W L B S  CA- OF ARALYSBS 

ne tals Surface Water - - 
Sediment - - Purgeable Aromatics 
Soil - - Purgeable Ealocarbons 
Groundwater - - Polynuclear Arouatic Hydrocarbons 

Phenols 
Pesticides 

Duplicates - - 
Trip Blanks - - 
Field Blanks - - Polychlorinated Biphenyls 
Rinsate Blanks - 
Other - - Total Recoverable Hydrocarbons 

- Total Organic Halogens 
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Section 3.0 -- Project Summary (Continued) 
0 

Phase I1 -- Characterization 

PLANNED "BER OF SAMPLES 

Surface Water - Duplicates - Air - 
Sediment - Biota: T r i p  Blanks - 
Soil - Flora - Field Blanks - 

- Fauna - Groundwater Rinsate Blanks - 

. CATEORSBS OF ANALYSES 
- ne tals 
- Cyanide 
- Purgeable Halocarbons 
- BaseINeutral Extractables 

- Acid Extractables 
- Polynuclear Aromatic Hydrocarbons 

- Polychlorinated Biphenyls 
- Total Recoverable Hydrocarbons 

Pesticides \ - Purgeable Aromatics - 

Additional analytical categories are identified below: 
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Section 4.0 - Project Organization and Responsibility 

The overall organizational structure for this site is discussed in Section 4.0 0 
of the GQAPP. 
are listed below: 

Site-specific designated personnel and their responsibilities 

Site Manager: 
T d T a s k  Leader(s): 
Pidd Support Personnel: 

Biographies for those personnel listed above which are not included in the 
GQAPP are included in Appendix A of this document. 
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a Section 5.0 - WQC Objectives for Measurerent Data 

Criteria for reporting the accuracy, precision, and completeness of data are 
0 

presented in Section 5.0 of th& GQAPP. 
quantitatative analyses are presented in Section 9.0 of the GQAPP. 
used to assess data accuracy, precision, and completeness are presented in 
Section 14.0 of the GQAPP. 
media, and method numbers relevant to the investigation of this site are 
listed in the following table, which also identifies any modifications to the 
accuracy (A), precision (P), completeness (C), and detection limit (DL) 
criteria specified in the above-referenced GQAPP sections: 

Detection limits for screening and 
Procedures 

All analytes (including field parameters), sample 

Analyte Media Method No. A P C DL 

Screening Analyses 

Laboratory Analyses 

Field Parameters 

Note: N/M = No Modifications from GQAPP. 
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Section 6.0 - Pieldvork and Sampling Procedures 

Fieldwork and sampling procedures are presented in Section 6.0 of the GQAPP. 
Uodifications to these procedures are described below: 

Section 7.0 - Sample Custody 

Sample custody procedures are presented in Section 7.0 of the GQAPP. 
Uodifications to these procedures are described belov: 

Section 8.0 - Calibration Procedures and Prcqueky 

Calibration procedures and frequency are presented in Section 8.0 of the 
GQAPP. Modifications to these procedures are described below: 

Section 9.0 - Analytical Procedures 

Screening and quantitative analytical procedures are presented in Section 9.0 
of the GQAPP. Site-specific accuracy, precision, completeness, and detection 
limit criteria are presented in Section 5.0 of this SQAPP. 
any other of the analytical procedures are described below: 

Modifications to 
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Section 10.0 -- Data Reduction, Validation, and Reporting 
0 

Data reduction, validation, and reporting procedures are presented in Section 
10.0 of the GQAPP. Modifications to these procedures are described below: 

Section 11.0 -- Internal Quality Control Checks 

Internal quality control check procedures are presented in Section 11.0 of the 
GQAPP. Modifications to these procedures are described below: 

Section 12.0 -- Performance and System Audits 

0 Performance and system audit procedures are presented in Section 12.0 of the 
GQAPP. Specific audits planned for this site investigation are listed below: 

Audit Type Frequency/Date Description 

B-9 

[Bold items enclosed in brackets denote changes from original text] , 



Section 13.0 - Preventive Maintenance 

Preventive maintenance procedures are presented in Section 13.0 of the GQAPP. 
Hodifications to these procedures are described below: 

Section 14.0 - Procedures Used to Assess Accuracy, Precision, and 
Completeness of Data 

Procedures used to assess the accuracy, precision, and completeness of data 
are presented in Section 14.0 of the GQAPP. 
are described below: 

Modifications to these procedures 

Section 15.0 - Corrective Action 

Corrective action procedures are presented in Section 15.0 of the GQAPP. 
Modifications to these procedures are described below: 

Section 16.0 - Quality Assurance Reports 

Quality assurance report procedures are presented in Section 16.0 of the 
GQAPP. Hodifications to these procedures are described below: 

Appendix A - Additional Personnel Biographies 

Personnel assigned to this site investigation whose biographies do not appear 
in the GQAPP are listed below; biographies for these site personnel are 
presented on the following pages. 
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RI- J. RUDY, P.6. Principnl in Charge 

a 
1 KDUCLLRON: 

H.S., Urban Enrionaental Geology, University of Missouri at Kansas City 
B.S., Geology, University of Hissour at Kansas.City 
A.A., Haple Woods Community College 

-: 

Hr. Rudy is a Registered Professional Geologist in Florida as well as a 
Certified Professional Geological Scientist (American Institute of 
Professional Geologists). Since mid-1988, he has been the manager of 
E & E ' s  Tallahassee office, responsible for E & E operations in Florida 
and the southeastern United States. He has both led and participated in 
over 100 hydrogeologic investigations at hazardous waste, underground 
storage tank (UST), and other bulk storage facility sites nationwide. 
During these investigations, Hr. Rudy has managed geophysical surveys 
and developed ground water monitoring netvorks directed toward the 
physical'and chemical hydrogeologic characterization of aquifer systems. 

As B 6 E ' s  project director for rajor projects in the southeastern 
United States, Hr. Rudy has overall responsibility for study design, 
application of appropriate field and analytical techniques, resolution 
of technical problems, attainment of QA/W objectives, and meeting of 
schedule/cost guidelines. He makes certain that client needs have been 
met by the technical teams assigned to each project, and provides E Q E 
project managers with direct access to any additional, specialized, 
in-house expertise that may be needed during the course of a project. 

As. principal in charge for E Q E's  major contract to provide petroleum 
product UST-related services to the Florida Department of Environmental 
Regulation (FDER), Hr. Rudy holds responsibility for all contractual . 
issues as well as all technical work. This work is being conducted 
concurrently at multiple locations throughout Florida. As program 
manager for E Q E ' s  ongoing nationwide petroleum product 
assessment/environmental audit contract with Ryder Truck Rental, Inc., 
and hazardous waste site services contract with €'DER, Hr. Rudy directs 
all work assignments, including those for contamination assessments 
(CAS), remedial investigations (IUS), feasibility studies (FSs), 
engineering design, and remedial construction services. 

As project manager for the Petroleum Products Corporation Superfund Site 
RI/FS and Silvex Solvent Spill Site CA, he supervised characterization 
of soil and groundwater contamination, modelling of hydrogeologic 
conditions, and provision of information concerning available remedial 
technologies and associated costs. As project hydrogeologist for the 
Sapp Battery Superfund Site RIIPS, Hr. Rudy successfully developed the 
necessary data base required to support his subsequent modelling of 
contaminant migration in the highly complex karstic multi-aquifer system 
underlying the site. 
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JOIN D. BARKSDALE -Project m e r ,  Field Services 

EDUCATION: 

M.S., Geology, Florida State University 
B.A., Anthropology, University of Florida 

Mr. Barksdale's experience includes the implementation of hydrogeologic 
investigations (surface/borehole geophysical surveys, monitoring well 
installation/development, and multimedia sampling); data analysis; and 
report preparation for underground storage tank (UST) and hazardous/ 
solid waste sites in the southeastern United States. Be has extensive 
experience in assessing geologic factors that affect the variability and 
distribution of hydraulic conductivities in the Floridan Aquifer. 

Hr. Barksdale was project manager for E & E ' s  investigations in 
Columbia, South Carolina, and Gadsden, Alabama, for the U.S. Army Corps 
of Engineers. These investigations required development of detailed 
quality assurance/quality control (QA/QC) plans and sampling/analysis 
work plans, as well as the implementation of rigorous QA/QC procedures 
during the actual sampling program. As project hydrogeologist for 
investigations to determine the extent of petroleum contamination from 
leaking USTs at trucking terminals in Miami, Florida; New Hope, Florida; 
and Bridgeport, Connecticut, Mr. Barksdale supervised monitoring well 0 installation/development ; performed pump, slug, and specific capacity 
tests to determine aquifer characteristics; and collected groundwater 
samples for quantitative analysis. 

For the Northwest Florida Water Management District, Mr. Barksdale 
participated in the hydrogeologic investigation of 35 solid waste 
landfills. His work included site inspection, monitoring well sampling, 
and completion of a hydrogeologic assessment of the potential of each 
landfill to contaminate groundwater. He also assisted in a more 
intensive study of five landfills in Walton, Gulf, Okaloosa, Santa Rosa, . 
and Washington counties to determine the extent of contamination and to 
evaluate various remedial options. 

Mr. Barksdale directed a two-month groundwater tracer study in southern 
Leon County in a fractured karst aquifer setting, in order to determine 
the impacts of surface water recharge through a sinkhole on groundwater 
quality in the Floridan Aquifer. He conducted a multiwell aquifer test 
on the Floridan Aquifer in the vicinity of Quincy, Florida. In 
addition, Hr. Barksdale operated the District's borehole geophysical 
logging unit and designed/implemented an ambient groundwater monitoring 
network, which included the designlcontracting for installation of 
monitoring wells, collection of geologic samples while drilling, 
performance of aquifer tests, and interpretation of geophysical logs and 
water quality data. 
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CrnnrraA. WIIS Laboratory Supemisor 

B.A., Chemistry, State University College of New York at Buffalo 
A.A.S., Chemical Technology, Erie Cornunity College 

Hs. Stempniak has 10 years' experience as an organic/analytical chemist. 
At B & E ' s  Analytical Services Center, she is the gas chromatograph/mass 
spectrometer (GWHS) supervisor. She provides daily supervision of 
GCIHS operators, assigns work, and reviews data. She has prepared and 
analyzed samples of water, soil, sludge, and oil for polychlorinated 
biphenyls, priority pollutants, volatiles, pesticides, and herbicides. 
She has analyzed chemical nutrients in water, tissue, and sediment sam- 
ples. 

As an organic/analytical chemist in Ohio, Hs. Stempniak conducted labo- 
ratory analyses for hazardous substances using gas chfomtographs equip- 
ped with electron capture and flame ionization detectors. She performed 
biological feasibility studies and the biological portions of biodegra- 
dation feasibility studies. In addition, she trained laboratory person- 
nel in analytical chemistry. 

As a research chemist with the Great Lakes Laboratory in Buffalo, New 
York, Hs. Stempniak was responsible for the maintenance and operation of 
two autoanalyzer systems for the analysis of chemical nutrients in 
water, tissue, and sediment samples; as well as for supply ordering, 
inventory control, data interpretation, and computer programming of the 
analytical results. She also maintained and operated carbon analyzers 
and spectrophotometers; prepared, split, coded, inventoried, and dis- 
tributed incoming samples; supervised "wet bench" analyses; and hired, 
trained, and supervised laboratoty personnel. In addition, she set up 
and demonstrated laboratory classes for water and sewage treatment 
courses sponsored by the New York State Department of Environmental 
Conservation. 
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RICEARDR. SBnSON GC Section Supervisor 

EDUCATION: 

A.S., Natural Sciences, Allegheny Community College 

ExpgRIBNcB: 

Mr. Samson has nine years' experience as a laboratory analyst. At 
E 6 E ' s  Analytical Services Center, he is responsible for gas chroma- 
tograph (GC) operations. Eis duties include staff supervision, review 
and verification of all GC analytical data, and method development. Mr. 
Samson's background includes the analysis of organics including poly- 
chlorinated biphenyls, pesticides, purgeable aromatics, and purgeable 
halocarbons using GC and liquid sample concentrator instrumentation. 

As the assistant group leader of the extraction laboratory of a corpora- 
tion in Pittsburgh, Pennsylvania, he supervised the preparation of all 
organic samples and assisted in the training of laboratory technicians 
in.techniques for both routine GC work and Superfund analysis. Involved 
instrumentation included GCs with packed and capillary columns and 
equipped with electron capture and flame ionization detectors, as well 
as volatile organic trap-and-purge equipment. 

During. one year as a line technician 
burgh, Mr. Samson participated in product assembly and packaging. 

His additional training includes four years in the medical technology 
program of Alderson Broaddus College. 

with another laboratory in Pitts- 

0 
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"AS E. FBRNULD Hicroscopy Section Supervisor . 

H.A., Geology, State University of New York at Binghamton 
B.A., Geology, State University of New York at Binghamton 

The asbestos analysis supervisor at E Q E's  Analytical Services Center, 
Hr. Fernalld has 14 yearsr experience in electron microbeam analysis and 
the examination of inorganic and geologic materials. 

For five years, Hr. Fernalld was a geological research scientist with 
the research center of Amoco Production Company in Tulsa, Oklahoma. He 
supervised the instalIation of a stable isotope spectrometer, X-ray - 
fluorescence spectrometer, and plasma emission spectrometer and provided 
software and hardware support for all three instruments. In addition, 
he initiated the purchase of, designed space modifications for, and co- 
ordinated the installation of an electron microprobe, subsequently add- 
ing an X-ray spectrometer to the microprobe to enable the analysis of 
be&-sensitive materials and to provide image acquisition and process- 
ing. He also developed digital semiquantitative compositional imaging 
techniques to enable the development of detailed elemental distribution 
information at a rate that was one-third faster than the rate required 
for mapping by quantitative point analysis. 

For seven years, Hr. Fernalld was a scanning electron microscope (SEH)/ 
microprobe technical specialist with the department of geological sci- 
ences at the State University of New York at Binghamton (SUNY/Bingham- 
ton). Responsible for the operation, routine maintenance, and minor re- 
pair of an SEH and electron microprobe, he obtained and modified the 
off-line ZAP data.reduction program for-electron microprobe results; in- 
stalled an tested the C W C  system for electron microprobe automations; 
and provided operating system. support for a Digital Equipment Corpora- 
tion LSI-1112 microcomputer on the C W C  system. 

In addition, I4r. Pernalld worked for two years as a full-time research 
associate with SUNY/Binghamton, performing clay mineralogy and SEI4 stud- 
ies of silicate mineral assemblages in marine evaporites. 

His additional experience includes work as a computer programmer in the 
development of programs for the reduction of fluvial hydrologic data. 
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RIcBdIu) J. NbmER Metals Section Supervisor 

e 
EDUCATION: 

B.A., Biology, Alfred University 
A.A.S., Medical Laboratory Technology, State University of New York 
Agricultural and Technical College at Alfred 

. 

At E & E's  Analytical Services Center, Mr. Nagler specializes in chem- 
ical analysis utilizing flame, flameless, and cold vapor atomic absorp- 
tion (AA) and inductively coupled argon plasma (ICP) spectroscopy. He 
is experienced in the set-up and programming of both flame and graphite 
furnace autosamplers. He also has experience in the use of ultraviolet- 
visible and infrared spectrometers. His analyses to date have covered 
all priority pollutant and EP toxicity metals. His experience includes 
four years in the application of flame, flameless, and cold vapor atomic 
absorption spectroscopy methods. 

In addition, Mr. Nagler has used United States Environmental Protection 
Agency methods for the digestion of soils, waters sludges, oils, air 
filters, and other matrices for analysis by use of atomic absorption 
spectrophotometers. Most analyses have involved samples of hazardous 
substances obtained from landfills and hazardous waste sites. Mr. 
Nagler also has conducted water testing for fluoride, biochemical oxygen 
demand, and total organic carbon. 

In the field of product development, Mr. Nagler conducted extensive 
quality control testing on a newly developed time-release resin complex 
(dextromethorphan hydrobromide). He has received thorough training in 
all facets of analytical quality control and quality control testing as 
dictated the regulations of good 
manufacturing practices. 

0 

by the United States Pharmocoepia and 
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DISTMAR P. P- General Chemistry Section Supervisor 

a 
EDaxcIoN: 

B . A . ,  Chemistry, Andrews University 

BxwIIIgEK=B: 

With 14 years of project-related experience, Hr. Piekarek is the super- 
visor of the general chemistry, microbiology, and asbestos laboratories 
at E & E ' s  Analytical Services Center. His technical responsibilities 
encompass analyses for classical wet chemical parameters, oil and grease 
analysis by use of infrared spectrophotometry, and analyses of specific 
conductance. Hr. Piekarek also is responsible for analysis of duplicate 
and spike quality control samples, assurance of appropriate laboratory 
chain-of-custody and sample documentation, and method troubleshooting 
and problem resolution. He assigns all work undertaken by-the wet chem- 
istry, microbiological, and asbestos laboratories and is responsible for 
work scheduling, documentation, and supply inventory and procurement. 

Hr. Piekarek has prepared chain-of-custody and other documentation to 
meet the Contract Laboratory Program (CLP) requirements of the United 
States Environmental Protection Agency (EPA). In addition to analytical 
laboratory support work under the Comprehensive Environmental Response, 
Compensation, and Liability Act, he has provided analytical services for 
Resource Conservation and Recovery Act; Toxic Substances Control Act; 
Federal Insecticide, Fungicide, and Rodenticide Act; and other programs. 
He performs routine quality control functions within the laboratory and 
is familiar with CLP data package functions and quality assurance 
requirements. 

Hr. Piekarek worked for seven years as a chemist in Ashland, Kentucky, 
where he conducted water and wastewater testing using methods specified 
by EPA and the American Society for Testing and hterials. His analyses 
involved wet chemistry, titrimetry, instrumental analysis, distillation, 
and extraction for both organic and inorganic water quality parameters, 
including testing for polychlorinated biphenyls and similar analytes. 
.In addition, he conducted microbiological testing of water. 

For a coal company in West Virginia, Hr. Piekarek worked for four years 
in the laboratory analysis of mine water runoff using wet chemistry, 
titrimetry, and instrumental methods to determine water quality para- 
meters. He devised analytical aids to provide for more effective 
analysis and trained laboratory technicians. 
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'CARYN A. VOJTOVICZ Organics Section Group Manager 

EDUCATION: 

B.A;, Biology, D?Youville College 

EXPERIENCE: 

Ms. She is 
responsible for E & E's gas chromatograph/mass spectrometer (GC/MS) 
operations and performs priority pollutant analyses of water, soil, and 
sediment samples in accordance with extraction and analytical procedures 
of the United States Environmental Protection Agency. She is experi- 
enced in the purge-and-trap technique for determining volatile organic 
compounds and is responsible for quality control and spectra interpreta- 
tion for all of E 6 E's G U M S  projects. She has 15 years? experience 
operating GC/MS electron impact and chemical ionization instrumentation, 
as well as computer-automated data interpretation systems. 

Wojtowicz is E C E's organic chemistry analysis supervisor. 

Ms. Wojtowicz held responsiblity for the priority pollutant analysis of 
samples obtained from the Vestal hazardous waste site in New York, wood- 
process'ing facilities in Illinois, and the Bridgeport hazardous waste 
site in New Jersey. 

She samples for United States 
Army Corps of Engineers dredging projects in Huron and Conneaut harbors, 
Ohio, to determine concentrations of polychlorinated biphenyls, total 
halogenated hydrocarbons, and other trace organics. 

performed analyses of water and sediment 

While working for the United States Food and Drug Administration (FDA), 
Ms. Wojtowicz analyzed pesticides residues and the heavy metals content 
of various foods. She performed various chemical extractions of animal 
tissues, with subsequent analysis using gas chromatography and atomic 
absorption. As part of her duties, she was responsible for the physical 
and chemical examination of food .and drug products to ascertain their 
quality and safety for consumption and use. She also ascertained the 
cleanliness and microbiological suitability of food and agricultural 
products. She is familiar with sampling and quality control procedures 
necessary to provide reliable public health data. She participated in 
extensive sample exchange programs with other regional FDA laboratories. 

Ms. Wojtowicz has received additional training in atomic absorption 
spectrophotometry, high-performance liquid chromatography, and the 
interpretation of mass spectra. 
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BARBARAKRAJKUSKI Laboratory Deta Coordinator 

BWCATION: 

B .A . ,  Biology/Environmental Studies, State University of New York at 
Buffalo 

Hs. Krajewski has been a quality assurance chemist at B & E's  Analytical 
Services Center since 1985. Her primary responsibilities encompass 
coordination of all laboratory activities regulated by the United States 
Environmental Protection Agency (BPA) and New York State Department of 
Environmental Conservation Contract Laboratory programs, including com- 
pilation of data packages. She also coordinates all laboratory projects 
conducted for the states of Florida and Illinois, maintaining liaison 
between laboratory and field personnel and insuring that all require- 
ments for data quality are met. For example, Hs. Krajewski was respon- 
sible for coordination of laboratory analytical work conducted for E 6 E 
projects at the Petroleum Products corporation site in Pembroke Park 
Florida; the Sapp Battery National Priorities List site in Marianna, 
Florida; and the Silvex site, a 32-acre silver-smelting facility in St. 
Augustine, Florida. 

In addition, MS. Krajewski participates in gas chromatograph/mass 
spectrometer (GC/HS) quality control activities. 

She worked for six years as a GCIHS analyst and department supervisor 
with York, where she was respon- 
sible for the operation of GC/HS systems in analyses for EPA priority 
pollutants and other trace organic compounds. Eer duties included data 
compilation and review, preparation and submission of final reports, 
quality control, scheduling, instrument maintenance and operation, and 
training. 

a research corporation in Uestecn New 

Hs. Krajewski is experienced in the performance of wet chemical analyses 
involving gravimetric, titrimetric, and colorimetric techniques. 
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LISA 1. VbRNERE Laboratory Reports Coordinator 

EDUCATION: 
0 

M.S., Geology, University of California at Los Angeles 
B . S . ,  Geology, University of California at Riverside 

Hs. Warneke has eight years' experience in the operation of a wide range 
of instrumentation for the analysis and characterization of trace metals 
and inorganic and organic compounds. She is familiar with protocol of 
the United States Environmental Protection Agency (EPA) for the analysis 
of potable and nonpotable water. In addition, she is a specialist in 
the cataloging and quality control (QC) of analytical data. 

Hs. of analytical data gener- 
ated by E & E ' s  Analytical Services Center (ASC). She ensures that all 
data, including custodial and relevant QC information, are complete be- 
fore they are reported. In addition, she tracks analytical.samp1e lots 
from receipt at the ASC through final deposition. She also provides 
liaison, both between the ASC and clients and between the ASC staff and 
E & E technical project personnel. 

Warneke is responsible for the reporting 

After completing her master's degree in geology, Ms. Warneke spent five 
years as a research assistant at the University of Arizona. She was re- 
sponsible for and successfully completed--on time and within cost con- 
straints--commercial contracts and grants with annual budgets of $50,000 
to $75,000. She operated, scheduled, and maintained state-of-the-art 
instrumentation including gas source and tandem accelerator mass spec- 
trometers, gas chromatographs (GCs), and atomic absorption spectrometers 
(AAS). She supervised laboratory personnel in the performance of analy- 
ses and use of equipment. and operated a range of analytical equipment 
for the determination of trace metals and organic species in sediment 
and water. In addition, she designed and supervised the construction of 
a new research facility, including the evaluation, selection, and pur- 
chase of new equipment. 

At the University of California at Los Angeles, Ms. Warneke used an 
electron microprobe, X-ray diffractometer, and polarizing light micro- 
scope in the execution of her graduate research.. For the geochemistry 
department, she prepared and extracted samples for inorganic analysis. 
She also demonstrated and taught laboratory techniques to undergraduate 
students. A t  the University of California at Riverside, Ms. Warneke 
analyzed trace metals, inorganics, and organics using AAS, X-ray fluor- 
escence, X-ray diffractometer, and mass spectrometer (MS) instrumenta- 
tion; and she cataloged and provided QC for sample analyses. 

0 

Ms. Warneke gained additional experience in geology as a field hydrolo- 
gist in a joint project conducted by the United States Geological Survey 
and the University of California at Riverside. For this project, she 
collected and analyzed geothermal water samples and operated an MS. a 
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Gbltll E. EA" Manager, Analytical Services Center 

0 
BDUCATION: 

B.S., Chemistry, State University of New York at Buffalo 
A.A.S., Chemistry, Erie County Technical Institute 

Is)[pBltrlgm=g: 

Hr. Eahn manages the daily operation of E i E ' s  Analytical Services 
Center. The laboratory uses procedures approved by the United States 
Environmental Protection Agency (BPA) and New York State Department of 
Environmental Convervation (NYSDEC) and is approved by EPA and NYSDEC 
for the analysis of hazardous wastes associated with Superfund sites, as 
vel1 as by the New York State Department of Health and the states of 
Florida, New Jersey, Illinois, and California for the analysis of drink- 
ing water and wastewater. Hr. Eahn's primary responsibility is to main- 
tain the firm's state-of-the-art analytical capability. He directs all 
testing and analyses performed by the laboratory, including those in- 
volving air and water quality, solid waate classification and treat- 
ability, and biological impacts. fle directs analyses of environmental 
samples for routine indicators of pollution as well as for specific 
pollutants such as pesticides, polychlorinated biphenyls (PCBs) and 
other toxic organics, and heavy metals. He has directed the evaluation 
of indoor, air pollution-related health problems in municipal buildings 
and private homes. He designed and equipped a complete environmental 
laboratory at Yanbu, Saudi Arabia. * 

Hr. Hahn has extensive experience in analytical method development and 
process troubleshooting, including gas and liquid chromatography; X-ray 
and mass spectrometry; infrared and atomic absorption and emission 
spectroscopy; and classical wet chemical methods of analysis. Be is 
familiar Institute of Safety and 
Health for personnel monitoring and analysis, including procedures for 
testing for metals, solvents, gases, vapors, dusts, asbestos, pesti- 
cides, and other substances. 

0 

with methods approved by the National 

Hr. Hahn worked for 16 years in the chemical industry. His special 
assignments included the design of analytical laboratories for new 
chlor-alkali plants and the training of associated personnel, partici- 
pation in a chemical inventory task force concerned with the Toxic 
Substances Control Act, and service as the chemical transportation 
coordinator for an emergency response tern. 
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ANmm P. C L I m  Director, Analytical Services Center 

0 EWCATION: 

B.S . ,  Chemistry, cum laude, University of Sussex, Great Britain 

As director of E & E's Analytical Services Center (ASC), Mr. Clifton has 
overall responsibility for the facility's operation as a multi- 

, functional, high-quality environmental laboratory. He directs a staff 
of over 40 professional chemists and ensures that the laboratory quality 
assurance/quali ty control (QA/QC) program, laboratory and field sample 
chain-of-custody documentation and reporting procedures, and laboratory 
safety protocol are continually reviewed to incorporate the most current 
methodologies. 

Hr. Clifton was instrumental in attaining the ASC's participation in the 
United States Environmental Protection Agency Contract Laboratory Pro- 
gram for the organic analysis of Superfund site samples. For this 
contract, Mr. Clifton is responsible for maintaining-the ASC's state- 
of-the-art capabilities in gas chromatograph/mass spectrometer (GC/MS) 
and GWelectron capture detection instrumentation, and for insuring that 
the laboratory produces data that will withstand scrutiny in administra- 
tive and judicial proceedings. 

With 17 years' experience as an analytical chemist, Mr. Clifton has 
managed and performed analyses of environmental samples for routine 
indicators of pollution as well as for. specific pollutants such as 
pesticides, polychlorinated biphenyls and other toxic organics, and 
heavy metals. He was the manager of the environmental and analytical 
laboratory operated by E & E for the Royal Commission for Jubail and 
Yanbu at Hadinat Yanbu Al-Sinaiyah, Saudi Arabia, where he was respon- 
sible for the analysis of seawater, groundwater, sanitary and industrial 
wastewater, and drinking water using atomic absorption, autoanalysis, 
GC/MS, and classical laboratory techniques. He conducted ambient air 
and upper air monitoring using state-of-the-art automatic air quality 
instrumentation and meteorological equipment. As laboratory manager, he 
provided QC and appropriate sample chain of custody, and he conducted 
and directed laboratory data computation and report preparation activi- 
ties.. In addition to his laboratory duties, he assisted in the exten- 
sive underwater biological surveys conducted at Yanbu. 

0 
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RUSBLL J. SHORT Assistant WQC Director - 

M.A., Marine Science, Virginia Institute of Marine Science of the 
College of Villiam and Mary 

B.S. ,  Fisheries/Limnology, Michigan State University 

Hr. Short has contributed to the development of E 6 E's  W/QC program 
for several years. As the firm's assistant QA/QC director, he provides 
a broad range of oversight functions for.hazardous waste investigation1 
remediation projects and multidisciplinary environmental studies, in- 
cluding major, multisite, multiple task-order contracts with EPA, the 
United States Air Porce, and state government agencies. The projects 
entail preliminary assessaents, site inspections, RI/PSs, risklendanger- 
ment assessments, and conceptual remedial design. 

Hr. Short assists E & E project managers in problem identification/reso- 
lution; provides recommendations for corrective action; conducts QA/W 
reviews of advanced technical procedures performed on-site; and provides 
QA/W reviews for drilling, excavation, and sampling subcontractor work. 
Be has supervised the development and impleaentation of QAPPs and RI/FS 
work plans, as well as the preparation of project delivcrables. 

His responsibilities include independent review of project development 
and implementation through the application of E 6 E policies and proce- 
dures and coordination with client project officers to discuss any dif- 
ficulties associated with project implementation. He has developed 
checklists for use during field and office audits to ensure that all 
project aspects are reviewed and compared with preset standards and 
guidelines. For field audits, Hr. Short reviews QAPPs and work plans to 
verify that approved procedures are being used, revievs personnel and 
assigned tasks for demonstrated proficiencies, and observes activity 
scheduling and logbook documentation. For office audits, he reviews the 
adequacy of project documentation and peer review of deliverables to 
ensure that these items result in high-quality work products. 

Hr. Short has conducted such audits for field activities at Norton Air 
Force Base and the Operating Industries NPL site in California, the La- 
Salle Electrical Utilities NPL site in Illinois, and the Gramlich site 
in Arkansas. He personally has prepared or reviewed QAPPs for major 
hazardous waste sites including the Vestal and PPC NPL sites, Bridgeport 
Rental and Oil Services, Love Canal, HIE0 2, Hid-South, and EnviroChem. 

Hr. Short has also managed several major E 6 E remedial and field inves- 
tigations of hazardous waste sites. In addition to the full range of 
technical responsibilities (planning, logistics, fieldwork, and data 
interpretation) required by the projects, he has monitored and directed 
the work of drilling and sampling subcontractors; has represented 
clients in meetings with federal, state, and local agency officials; and 
has presented the results of his work at public hearings. 
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JA(X E. UILCOX, P.E. Project lIanager, Engineering Services 

EMICATION: 

B . S . ,  Environmental Engineering, Purdue University 

0 

Hr. Wilcox leads E C E ' s  engineering group, responsible for hazardous 
waste management, environmental engineering studies, and engineering 
design services. Eis projects have included design strategies ad- 
dressing both surface and subsurface contamination and site closure 
plans. A registered Professional Engineer, he has evaluated hazardous 
material storage and handling operations at landfills, bulk storage tank 
areas, pesticide manufacturing facilities, and lagoons and has provided 
recommendations for regulatory compliance and corrective action. He led 
the development of E C E ' s  Remedial Action Technology Management In- 
formation System (RATMIS) computer data base, which provides up-to-date 
information concerning the latest, state-of-the-art hazardous waste 
mitigation technologies. In addition, Mr. Wilcox provides quality 
assurance (QA) for specific projects. 

Mr. Wilcox directed and provided QA for E & E ' s  multimillion-dollar 
management contract with the Commonwealth of Pennsylvania to develop 
remedial action master plans and work plans for Superfund sites located 
throughout the state, procure contractors to implement initial remedial 
measures and perform remedial investigations/feasibility studies, and 
subsequently provide overall management of contractor activities.' For. 
the United States Army Corps of Engineers, Mr. Wilcox is E & E's project 
manager for a full-scale field reconnaissance, remedial design, and 
construction project at the National Priorities List site in Bridgeport, 
New Jersey, involving the single largest Superfund allocation to date, 
totalling over $55 million. The project entails the surface cleanup of 
over 90 tanks, process vessels, drums, and tank trucks; the cleanup and 
incineration of waste oils, waters, and sediments located in a 13-acre 
lagoon area; and long-term monitoring of local groundwater and surface 
water. 

Hr. Wilcox directed E C E ' s  multidisciplinary engineering team providing 
quality assurance at the Hyde Park landfill in Niagara Falls, New York. 
He reviewed and assisted in developing plans, specifications, and con- 
struction documents for treatment, storage, and disposal facilities, 
including a permanent leachate storage, separation, and transfer fa- 
cility; an aqueous leachate treatment facility utilizing an activated 
carbon purification system; and a temporary on-site containment system. 
for nonaqueous-phase leachate. In addition, for the State of Florida, 
Mr. Wilcox managed E & E ' s  feasibility study (including evaluation 
of over 50 technologies, risk analysis, conceptual design, cost- 
effectiveness analysis, and community relations) for the cleanup of the 
Whitehouse Oil Pits, a National Priorities List site containing poly- 
chlorinated biphenyls. 
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B. TBATBS WitY Aasuramce Director 

B.A., Chemistry, Illinois College 

BxP=mKB: 

Xr. Tastes' 31-year background encrmpasses all facets of administration 
and quality assurance (On) for aajor hazardous vaste investigation/reme- 
diation programs and analytical laboratory operations. At B 6 E, he 
leads the development, reviev, and approval of standard operating proce- 
dures affecting all data collection activities; direct8 the development - of OA policies and procedures; and oversees the preparation, review, and 
approval of hazardous vaste site ab project plans. Supported by an in- 
terdisciplinary staff of technical personnel, health and safety special- 
ists, cost analysts, and contract specialists, Mr. Yeatas reports di- 
rectly to E 6 E's president. He leads independent field and office QA 
revlevs/audits of project developwnt/iaplementation and provides coor- 
dination with client project officers to discuss/resolve difficulties. 

During nine years as deputydirector of the Region V Bnviromntal Ser- 
vices Division of the United States Environmental Protection Agency 
(BPA) in Chicago, Hr. Yeates directed a multidisciplinary staff of 150 
professionals that provided QA, environmental monitoring, data =anage- 
Mnt/analysis, specialized technical support, and laboratory services. 
Re also managed the S16.5-nilliOn Region V Superfund hazardous vaste 
site field investigation team contract that involved the full-time par- 
ticipation of 60 engineers and scientists. He -was a ujor contributor 
to the development of the performance-based (avard-fee) contractor mal- 
uatlon system that vas implemented nationvide for BPA Superfund contrac- 
tors. Be also participated EPA fieadquarters task forces to address Su- 
perfund program issues and developed a planning and accountability sys- 
tem that resulted in better resource utilization and higher performance 
results for division personnel. 

0 

For three years with BPA's Management Division in Chicago, Hr. Yeates 
directed a staff of 99 professionals providing planning/evaluation, per- 
sonnel, budgeting, automated data management, financial management, and 
purchasing support for the Region V staff of about 850 people. Be also 
streanlined operations to' improve quality and maintain the division's 
level of service while enabling a 20% reduction in staff. 

In addition, for three years, Hr. Yeates directed EPA's first Central 
Regional Laboratory in Region V, a state-of-the-art facility providing 
coapleta' analytical services for environmental samples. He organized, 
staffed, and equipped the facility, motivating the 35 personnel to 
achieve program results that far surpassed upper-management expecta- 
tions. Be oversaw the development of nev analytical methods that had 
agencyvide application. The laboratory received the Bronze Hedal Avard 
from the Regional Administrator, vas cited as a 'Center of Excellence," 
and became the model for other EPA regional laboratory facilities. 
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WCIA L. IaREDITH - Quality Assurance Officer 

EDUCATION: 

M.S. ,  Analytical Chemistry, Indiana University 
B.A., Chemistry, summa cum laude, Bowdoin College 

Ms. Meredith, the leader of E & E’s chemical.group, provides independent 
quality assurance (QA) reviews of both field and analytical operations. 
She coordinates with project and laboratory management to establish data 
quality objectives and insure that project-specific goals are met; de- 
velops/reviews hazardous waste site QA project plans and insures that 
all QA documents are consistent with federal and state guidelines; re- 
views data validation reports and resolves discrepancies; reviews cor- 
rective actions with the project managers; and identifies final action 
items and areas of concern. 

For the New York State Department of Environmental Conservation, Ms. 
Meredith is E & E‘s QA officer for the multisite Phase I1 investigations 
and for the remedial investigation/feasibility study for the Mead Prop- 
erty septage disposal site in Ulster County. 

She is QA officer for E & E ’ s  contract with Region I11 of the United 
States Environmental Protection Agency (EPA) for the Superfund Alterna- 
tive Remedial Contracts Strategy waste site investigation/remediation 
program. For several gas pipeline companies, she is QA officer for 
E & E investigations of polychlorinated biphenyls at compressor sta- 
tions. 

In addition, Ms. Meredith is E & E’s laboratory project manager for all 
analytical work performed for the United States Navy and Air Force. She 
provides liaison between laboratory and field personnel to ensure that 
the collected data meet Navy and Air Force program requirements and 
objectives. She also coordinates and provides technical direction for 
special projects that require the development of new methodologies. She 
is a specialist in the interpretation of data obtained using gas chroma- 
tograph and gas chromatograph/mass spectrometer techniques. 

As chief chemist with the QA team, Ms. Meredith reviews and interprets 
analytical data generated according to EPA and state Contract Laboratory 
Program (CLP) and solid waste protocol. She provides independent Q A  
oversight for E & E ’ s  Analytical Services Center (ASC) and for analyti- 
cal operations conducted in on-site laboratories. For on-site laborato- 
ries, she also assists in mobilization efforts, develops analytical 
screening protocol, and conducts QA audits. 
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KIWBBBLY A. WALKER Quality Assurance Program Officer 

EDUCATION : 

B.S., Biological Sciences, Florida State University 

Hs. Walker has led/participated in hazardous waste site investigations 
in Florida and across the country in support of government and private 
industry. She has worked in support of E & E's Remedial Field Investi- 
gation Team contract with the United States Environmental Protection 
Agency (EPA) and has prepared EPA site inspection reports and Hazard 
Ranking System site scores. She has led and conducted sampling of soil, 
sediment, surface water, and groundwater; soil-gas surveys and analyses; 
and air monitoring and sample field screening by use of portable instru- 
mentation, including photoionization detectors and. organic vapor 
analyzers (OVAs) in gas chromatograph mode. She also monitors the work . 
of on-site contractors to assure compliance with technical, budgetary, 
and scheduling stipulations. 

As Quality Assurance Program Officer, Ms. Walker is responsible for 
reviewing and approving quality assurance plans and site-specific 
quality assurance project plans. She provides external review of field 
sampling activities, coordinates with the laboratory QA officer and the 
FDER QA officer, implements on-going training for technical staff, 
conducts field and office audits, and follows up on QC deficiencies. 

During E & E's site screening investigation (SSI) contract with the 
Florida Department of Environmental Regulation (FDER), Ms. Walker was 
site manager for activities at the David Joseph Landfill, Collier Safe 
Company, fligh Acres Fertilizer, and the Eureka Springs Landfill. She 
led the work plan and cost proposal development, field implementation, 
data interpretation, and report preparation. For FDER, she also is 
E & E project manager for the USDA Experimental Station site in Palm 
Beach County, Florida. For this site Ms. Walker led the design of a 
sampling plan, developed a cost proposal, and-led a field team in the 
implementation of the sampling plan in the field. 

For E 6 E's remedial investigation of the Petroleum Products Corporation 
site in Miami, Florida, Ms. Walker was site safety officer and conducted 
OVA analyses, soil and groundwater sampling, and slug tests on monitor- 
ing wells. She also par'ticipated in E & E ' s  investigation of gasoline 
leakage from underground storage tanks (USTs) at the K & K Grocery site 
in Holmes County, Florida. For this project, she assisted in the geo- 
physical' surveys to locate abandoned, buried USTs and soil sampling to 
assess the lateral and vertical extent of soil contamination. 



BAYMom PIccImE Laboratory Ouality Assurance coordinator 

Ph.D., Inorganic Chemistry, Louisiana State University 
B.S., Chemistry, State University of New York at Buffalo 

Dr. Piccione coordinates the overall quality assurance (QA) program at 
E & E ' s  Analytical Services Center (ASC). Be conducts independent QA 
reviews of laboratory data and maintains/updates the ASC QA documents, 
standard operating procedures, and laboratory certification progrirms. 
He coordinates with laboratory managenat personnel and corporate QA 
staff to establish data quality objectives and ensure that project- 
specific goals are met; maintains laboratory Qd plans and ensures that 
all QA documents are consistent with federal and state guidelines; re- 
views and resolves discrepancies; reviews corrective actions with the 
project managers; and identifies final action s i t e m s  and areas of con- 
cern. He also is responsible for overseeing quality control (QC) docu- 
mentation throughout the ASC. As a member of the corporate QA staff, he 
conducts internal audits of the A X ,  as well as external audits of out- 
side laboratory services. 

A specialist in the requirements of the United States Environmental Pro- 
tection Agency (EPA) under its Contract Laboratory Program (CLP), Dr. 
Piccione also and assists in the preparation/review of inorganic CLP 
data packages. 

As an analytical/QA chemist with EPA Region V in Chicago, Dr. Piccione 
analyzed environmental samples for inorganic contaminants by use of 
graphite furnace atomic absorption, inductively coupled argon plasma, 
and autoanalyzer methods. For two years, he was responsible for the re- , 

view of data generated by CLP facilities and laboratories of potentially 
responsible parties, the evaluation of site-specific OA project plans, 
the development of recommendations/provision of assistance for project 
managers, and laboratory QA auditing. 

For one year, Dr. Piccione was a QC chemist with Frontier Chemical Waste 
Process, Inc., in North Tonawanda, New York. Be directed incoming waste 
to appropriate holding tanks, analyzed samples, and conducted testing 
for final disposal. 

During two years as a QC chemist with Buffalo Metal Finishing Company in 
Buffalo, New York, he analyzed and maintained electroplating, anodizing, 
and dye baths. With the same company, he also worked for one year as an 
electroplater involved in the plating or anodizing of various incoming 
metal pieces and the provision of troubleshooting/problem resolution for 
bath solutions. 
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Asc STAFF L I v  
The following is a list of all ASC staff with a brief description 

of their duties. 
biography can be found in Appendix A. 

An asterisk (*) next to a name indicates that a brief 

Deborah Andrasko Gas chromatography analyst 

Elle Anthony Data entry clerk 

Daniel Atherton General chemistry analyst 

Paul Azzopardi General chesistry and microbiology analyst 

Brian Benson Assistant sample custodian 

S e e m  Bhambani General chemistry analyst 

Joseph Bitka Gas chromatography/.ass spectrometry analyst 

Tony Bogolin* Project .anager/customer service manager 

Michael Burnett Assistant sample custodian 

Andrew Clifton* ASC director 

Lisa Ende 

Tor Pernalld* 

Dan Pournier 

Bob Ganger 

Asbestos analyst 

Hicroscopy section supervisor 

Asbestos analyst 

Gas chromatography analyst 

Tor Gardner-Clayson General chemistry analyst 

Francis Ginah Gas chromatography analyst 

Harnie Greenbie Gas chromatography analyst 

Gary Eahn* ASC uanager 

Allen Hawker Gas chromatography/.ass spectrometry analyst 

Lynn Eess Gas chromatography/mass spectrometry analyst 

Bill Howard Chief sample custodian and computer systems 
manager 

Debra Hutchinson Sample preparation supervisor--organics 

Harvin Ingalsbe Gas chromatography/mass spectrometry analyst 
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Kathy W i lly 

6 Barbara Kraj ewski* 

Jack Marks 

Rick Marsh 

Marcia Meredith* 

Pete Mitchell 

Kathy Murphy 

Rich Nagler* 

Jim Olka 

Lucy Owzcarek 

Dietmar Piekarek* 

Hike Potter 

Karen Ratajczak 

Chester Rome j ko - 

0 Patricia Rosiek 

Rick Samson* 

Mike Scanlon . 

Cindy Stempniak* 

Terri Stoessel 

Randy Von Smith 

Lisa Warneke* 

Caryn Woj towicz* 

Gas chromatography analyst 

Organic data specialist and project manager 

Sample preparation technician--organics 

Sample custodian and second-shift supervisor 

QA coordinator 

Gas chromatography/mass spectrometry analyst 

Asbestos airborne fiber analyst 

Metals section supervisor 

ICP analyst and spectroscopist 

Receptionist and office manager 

General chemistry section supervisor 

Atomic spectroscopy analyst 

Word processor and file clerk 

Sample preparation technician--organics 

Atomic spectroscopy analyst 

Gas chromatography section supervisor 

Gas chromatography/mass spectrometry instrument 
specialist and data interpreter 

Gas chromatography/mass spectrometry supervisor 

Secretarial duties, accounting, and report 
preparation 

Laboratory computer specialist 

Laboratory reports coordinator 

Organics section manager 
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APPENDIX E 
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Title: Package Receipt 
Category: SM.1 
Prepared by: W. Howard 
Revimw date: (02 /07/  go) 

Cross Refer 
Approved by: 

OBJECTIVB 
To provide guidelines for receiving a package in the Sample 
Management area. 

REFERENCES 
E t E Laboratory QA/QC Manual 

2. Receiving 
On the day a package containing samples i r r  recdved at the 
laboratory, the sample custodian enters the following information 
hato the Package Receipt Log: 

coluapn Data Entered 

1.1 Item No. Next sequential number 

1.2 Client Name and/or Client name or corp. proj . number * Job No. 

1.3 Date Received Today's date 

1.4 Received From a Package received from (i.e. Client, 
Federal Express, UPS) 

1.5 Carrier ID No. o r  Have person delivering package 
Initials ** initial here 

1.6 Shipping Invoice No. Private carrier invoice no. (i.e., 
airbill number) or "None" if 
delivered by the client. 

1.7 Package Description Brief description of package 

1.8 Package Received By* Custodian's initials who completed 
parts 1.1 to 1.7 

* 

** 

If clie-t is new get the client's billing address and client 
contact name and purchase order number. 

Some carriers, UPS in particular, will not sign or initial the 
Package Receipt Log. In this case, use a footnote and explanation 
to indicate that the carrier would not sign. Ensure that a 
sequential footnote number appears in the-fifth column for that 
entry and that all footnotes are initialed and dated. 

0001418  
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. 2. Unpacking 
The following is to be completed by or under the supervision of the 
custodian responsible fo r  sample log-in. e 
Column Data Entered 

2.1 Package Secured Check Yes or No 

2.2 Manner Package Secured If the package is secured by means 
other than those listed, indicate 
manner with a footnote. 

2.3 Package Contents 
Received Cold 

Open package. If contents require 
refrigeration check if contents are 
cold and then check yes or no. 
If Itno" is checked, then fill out a 
discrepancy form. 

STOP! The remainder of the Package Receipt Log must be completed by 
the custodian responsible for sample log in (see SM.2). 

* Note: For the sake of consistency, the person signing the 
Chain-of-Custody Log (if it is external to a sealed package) 
should be the same person that fills out and signs the Package 
Receipt Log. 
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Title: Sample Log-in 
Category: SM.2 
Prepared by: W. Howard 
Review date: (02/  07/90 ) 

Cross Referen 
Approved by: 

OBJECTIVB 
To provide guidelines for logging in samples using Laboratory 
Management Information System (LABMIS). 

REFERENCES 
E & E Laboratory QA/QC Manual 
E & E LABMIS Users Guide 

ZQUIPMBMT AND REAGENTS 
VAX Terminal 
Barcode Printer 
Line Printer 

PROCEDUBE 
After samples have been received, the custodian responsible for 
sample log-in will complete-the following steps to enter samples 
into LABMIS. 

Unpacking 
1.1 Unpack or supervise the unpacking of packages received at the 

ASC as outlined in sections 2.1 through 2.4 of the Package 
Receipt SOP (SM.1). Check the accuracy of all entries in the 
Package Receipt Log. 

alpha-numeric order, or in the order they are listed on the 
chain-of-custody. Verify that information on the 
chain-of-custody agrees with the samples received. Verify 
that the information on the traffic report agrees with the 
chain-fo-custody and the samples received. 
is a discrepancy, fill out a QA/QC discrepancy form 
(see SOP QA/QC.l) 

1.2 All samples should be lined up on the table in either 

If there 

Sample Log-in 
2.1 Log in to the VAX (if you have a problem logging in to the 

VAX, refer to SOP Computer.1 VAX Log-in). 
2.2 Select option [2] "Lab Production" from the "E C E Lab System 

Main Menu". 
2.3 Enter your LABMIS password.(this password will be given to 

you by your supervisor). 
2.4 Select option (11 "Sample Management" from the "E C E 

Laboratory Management Information Systemng main menu. 
2.5 Select option (11 "Sample Login" from the "Sample Management 

System" main menu. 
2.6 Select the type of log-in you will use by the amount of 

information available. Select option [l] Vomplete-Logintl if 
you know the tests to be assigned t o  each container. 
option [2] "Login of Samples up to Test" to login samples 
without tests. Options (31 "Login of Just Tests", and option 
1 4 1  "Login of Test Abbreviations" can not be performed 
without option ( 2 1  being performed first (refer to LABMIS 
Users Guide for information on options [3] and 1 4 1 ) .  

Select 
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2 .7  
2.8 

2.9 

2.10 

2.11 
2.12 
2.13 

2.14 
2.15 
2.16 

2.17 

Enter your employee I . D .  number. 
Enter client abbreviation by locating the client name on the 
client abbreviation list. If the client cannot be found on 
the client abbreviation list, exit Sample Log-in, and add it 
as a new client (refer to the LABMIS Users Guide for 
information on adding a new client). Repeat steps 2.5 to 
2.8. 
Check client address to be sure correct client abbreviation 
has been entered. Enter (Y) or (N) . If (N) check 
for correct abbreviation and re-enter client. 
Enter job information as displayed on screen (refer to LABMIS 
Users Guide for specific information on job parameters). 
Enter sample information as displayed on screen. 
Enter container information as displayed on screen. 
Enter all tests for the,container. (Note: this screen will 
not appear when log in option [2] has been selected.) 
Repeat steps 2.11 through 2.13 for all samples. 
Select option [3] from the barcode menu to print barcodes. 
Select option [2] from the reports menu to print reports. 
(Note: this screen will not appear if login option [2] has 
been selected.) Initial Sample Log and put in appropriate 
bin. 
Log in is now complete. If you have more jobs with the same 
type of log in enter Y. If you have no more jobs to 
log in, or jobs for another type of login, enter (N) to exit 
(refer to the LABMIS Users Guide for assistance in exiting 
LABMIS) . 

.e Package Receipt  Completion 
3.1 After the job is logged in, check (Y) in the column marked 

llSample Loggedt1 and go to step 3.5. 
3.2 If time does not allow for a job to be logged in, check (N) 

in the column marked llSample Logged" (complete steps 3.3 and 
3.4). 

3.3 Enter the secure area where the package will be stored in the 
column marked "Temporary Secure Storage Area". 

3.4 Affix a custody seal to the package, and place the package in 
the assigned secure area. Check (Y) in the column marked 
"ASC Custody Seal Affixed". Go to step 3.6. 

Enter your initials in the column marked "Logged in Byn1 
(custodians initials). 

3.5 Check (N) in the column marked IIASC Custody Seal Affixed". 
3.6 
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DATE : 

SAMPLE CUSTODIAN SIGNATURE: 

CIRCLE THE APPROPRIATE RESPONSE 

DOCUMENT CONTROL 1 

PY 
I a .  

0 
0 
0 1 .  Custody Seal + 
(CL 

0 
2 .  Chain-of-Custody 

3 .  Sample Tags 

4 .  SMO Forms 
Sample Tag Numbers . 

h 

, DOES ItlFORMATION ON REI-lkR Y.S : C HA I N - 0 F - 
RECORD 

NUMBER 

COR R E S P 0 14 D I I4G 

CUSTODY RECORDS, COflDITION OF SAMPLE 
DATE TI ME CUSTOOY * SMO SAMPLE 

SAMPLE TAG ASSIGIIED LAB REPORTS, A,,O 
NUHB E RS NUMBERS SAMPLE TAGS AGREE? SHIPMENT , ETC . NUMBERS RECEIVED RECEIVED 

I 

I 

- \ 

presen t  l a b s e n t  
i n t a c t / n o t  i n t a c t  

p resen t  /absent 
p resen t  / a b s e n t  
l i s t e d / n o t  l i s t e d  on  cha in- o f- cus tody  

p resen t / absen t  

CASE NUMBER 

AIRBILL NUMBER 



Title: Custody Transfer 
Category: SM. 4 Cross Refere 

Approved by: 

OBJECTIVE 
To provide guidelines for the transfer of samples within the 
laboratory using the Laboratory Management Information System 
(LABMIS) . 

REFERENCES 
E & E Laboratory QA/QC Manual 
E t E LABMIS Users Guide 

EQUIPMENT 
VAX Terminal 
Laser Scanner 
Line Printer 

PROCEDURE 
After receipt of a sample request form, t*he custodian will complete 
the following steps to relinquish to or receive samples from 
laboratory analysts. 
1. Sample Transfer 

* 

e 
in 

1.1 
1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

1.10 

1:11 
1.12 

1.13 

LLg in to the VAX (see SOP Computer. 1, VAX Log In) . 
Select option [2] Lab Production from the "E & E Lab System 
Main Menu@@. 
Enter your LkBMIS password (this password will be given to 
you by your supervisor). 
Select option [4] Chain of Custody from the "E & E 
Laboratory Management Information System" main menu. 
Select option [3] Custody Transfer from the "Chain of 
Custody" main menu. 
Enter custody information as displayed on the screen. (For 
samples aoina out, the relinquisher will be the custodian and 
the receiver will be the analyst. For samples cOminQ, the 
relinquisher will be the analyst and the receiver will be the 
custodian.) 
Select the type of transfer. (Option 2 should only be used 
for consumed containers being returned to sample management 
for proper disposal and samples going out that will be 
consumed in analysis, e.g. air tubes.) 
Scan all sample barcodes using laser scanner. If scanner 
fails to read barcode, type in sample number as per screen 
instructions 
Press [Return] after last sample (for that type of transfer) 
has been scanned. 
If the transaction involves more than one type of transfer, 
(e.g. 4 samples not consumed and 4 consumed samples) select 
the second type of transfer and scan samples as in section 
1.8 and press [Return]. 
Enter ( X )  to end transaction and print transaction report. 
Enter (Y) if you have more transactions to perform, (e.g 
transaction fo r  another analyst, repeat steps 1.6 to 1-10) or 
(N) to exit (refer to the LABMIS Users Guide for assistance 
exiting -IS) 
Sign, and store printed transaction report in appropriate bin 
for future binding. 
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Title: Security and Itorago for ASC .nb lamp108 
Category: SM. 9- Cros. Reference: 
Prepared by: M. Meredith Approved by: 
Review date: (pJ&3/40) 

OBJECTIVE 
To describe procedures for maintenance of laboratory and sample 
security; and storage of santples to prevent contanination. 

E G E's QA/QC Manual: 
Custody Documantation and Quality Assurance/Qwlity Control 
Procedures Manual,@' July 1987, or subsequent revision. 

m - 8  
@'Laboratory and Field Personnel Chain-of- 

PBocELwBlc 
security 

The Analytical Services centu is a secure facility. 
and egress is strictly controlled. Visitors are required to 
sign in and out and must be accorapanied a t  all times in 
laboratory arems. During non-working hours, the facility is 
alarmed and equipped with state-of-the-art intrusion detection 
devices. 
the building and security passwords. 

Entrance 

Only a f e w  designated personnel are issued keys for 

Sample Itorage 
A l l  samples and subsamples (i.e., digestatas or extracts) are 
stored in sample custody in the following designated areas: 0 
0 

0 

0 

0 

0 

0 

0 

- 
Secure Areas A and B - walk-in coolers at <4OC for original 
samples; 

Secure Area C - metal cabinets for metal digestates; 
Secure -ea D - flammable material storage refrigerator for  
volatile sample vials; 

Secure Area E - flammable material storage refrigerator for 
extracts and solvent-type samples: 

Secure Area F - freezer for samples requiring storage 
at <00c; 

Secure Area G - metal cabinet for asbe8tos samples only; 
Secure Area H - metal-cabinet for storaga of samples not 
requiring refrigeration. 

Sample custody is a restricted area with keys distributed to 
cumtodial or supervisory s ta f f  only. 
be on duty at all times the laboratory is open. 
have access to the area through a lobby windw and analysts 
will have access through a window in the working laboratom 
section. 

A sample custodian will 
Visitors w i l l  

e 
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A l l  samples are kept under strict chain-of-custody as described 
in E 0 E's QA/QC Manual. 
related records as described in SOPS SM.1-.4. 
custodians will also maintain a temperature log of a l l  storage 
areas and w i l l  issue a discrepancy form if at any time the 
areas are above 4Oc. 

Sample custodians will maintain all 
Sample 

In addition to maintaining chain-of-custody and secure areas, 
the following steps are taken to prevent sample contamination: 

o All samples for volatile analysis are stored separately 
from extracts or solvent-type samples; 

o All digestates or extracts are stored separately from 
original samples ; 

o Upon receipt, the integrity of all sample containers is 
verified . 
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T i t l e :  U s e  of Discropaney PO= 
Category: QA/QC. 1 
Prepared by: M. Meredith 
Review date: ( I / , 5 / 9 0 )  

Cross Reference:GC/HS.1.,@ 

Approved by: 

etals.1. . 2  
Cross Reference:GC/HS.1.,@ 

etals.1. . 2  
~ ~~~ 

Approved by: 

O B J B C T I W  
To provide guidelines for reporting out-of-control events, 
corrective action, and other QC-related problars with the QA/QC 
Discrepancy Form. 

BEFERBNCB 
QA/QC Manual 
General QAPP 

PROCEDURB 
General Use 

The QA/QC Discrepancy Form is a multi-purpose form designed to 
communicate QC problems and document corrective action. 
form has three sections for completion of gmneral information 
about the analysis and samples affected; explanation of the 
QC problem and corrective action; and description of any 
follow up action taken. 

Complete the form in triplicate with white copy to the job 
file, green copy to the ASC manager, and canary copy to the QA 
coordinator. 
first two sections, and signs and dates on the space "Submitted 
Byn. The "Submitted Ton space should be completed if: 

o 

o 

The 

a The person completing the report fills in the 

the form is being given to someone other than the ASC 
manager or QA coordinator; or 
a specific action is being requested of the ASC manager or 
QA coordinator. 

For example, the supervisor may complete the form documenting a 
QC problem and give it to-the reports writer indicating under 
"Corrective Action" that an explanation should be added to the 
case narrative. The white job f i l e  copy can be used for this 
purpose by simply including the copy with the data submitted to' 
the reports group. 
should be used: Xeroxed copies of the discrepancy form should 
not be circulated, unless a copy is being submitted to someone 
other than those listed above. 
job file copy should complete the corrective action or 
follow-up report section, initial and f i l l  in the date closed, 
and return it to the job f i le .  

In general, only the white job file copy 

A person rec8iving the white 

If a further action is requested, the QA coordinator should 
follow up within two weeks to ensure action has been taken, 
fill in the follow up report and date closed on the 
coordinator's copy, and file in the general QA files. 
,coordinator and lab manager should sign and date the bottom of 
their copies when they review and approve the corrective 
action. 

The QA 

E-10 
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The form should also be used to document problems found during 
QA review. The QA reviewer should sign and date the bottom of 
form indicating the problem was found after the analysis was - 
completed. 

Analyst U s e  
The analyst should ensure all initial QC criteria f o r  
standards, knowns, and blanks are met before any samples are 
analyzed. The analyst must confer with the supervisor if ' 

he/she feels samples need to be run under out-of-control 
conditions. 
conditions usually mean that analysis cannot proceed. 
in practice the supervisor may have to balance one need - for 
example, the requirement to run a sample within holding 
t i m e  - against the potential problems associated with running 
in an out-of-control situation.) 
completed by the analyst or supervisor, copies given 
immediately to the ASC manager and QA coordinator, and copies 
put in job files of all samples involved. 

(Analysts must recognize that out-of-control 
However, 

A discrepancy form must be 

The analyst should compare all data to method-specific QC 
criteria and mark a l l  data IaIn-Controlt1 or ttOut-of-Controllt. 
If appropriate, the analyst should take immediate corrective 
action such as reanalysis of the sample within the same 
analytical batch. Any ttOut-of-Control" data should be 
submitted immediately to the supervisor to schedule reanalysis 
or redigestion. If the supervisor feels the ttOut-of-Contro18t 
data is acceptable, a discrepancy form must be submitted with 
the data. If the sample is reanalyzed within holding times, a 
discrepancy form does not have to be completed if the 
reanalysis is in-control. 0 
Individual laboratory sections will identify the method- 
specific QC criteria which determines when data is 
ltOut-of-Controltt. (See data review SOPS.) 'In some cases, the 
QC criteria will be client specific. 

Sample Management Use 
The sample custodian responsible for package receipt and sample 
log-in should complete a discrepancy form in the following 
cases: 

o chain-of-custody documentation is not consistent with 
samples received; 

o the samples were not preserved properly for the tests 
requested t 

o the Lamples which require refrigeration were received warm; 
o headspace was found in a vial designated for volatile 

analysis (should not be analyzed, if possible); 
o a shipment was damaged or packed incorrectly. 

In all the above instances, check the appropriate space on the 
discrepancy form and explain the corrective action taken. 
other types of problems are found, check other and briefly 
explain the problem in the space provided. Give the completed 
form the the sample management supervisor for resolution and 
distribution. 

If 

E-11 



QA/QC DISCREPANCY 

F d b  Up R a p t  

0001 4 2 3  
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APPENDIX F 

C"-OF-CUSTODY FORM 

F-1 
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$ompIe", ISt"".,.,OI' Field T .. m L .. d." 

I~ ~ ,- SAMl'U INFOilMAT'ON 
ITATION DATI TIMI nATION LOCAT'ON NLlMlEil 

B I ~. EXPECTED COMPOUNDS tc-M'_RI' 

... , ....... .,.. Iy' I .......... .. , .... , 1"_i .... ly: 11ItnMu .. 1 

II.II"""loIItd Iy: ISi ....... 1 OIl./Ti ... : ..... 1weI II !lien".'" 
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IIEMAIIKI 
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! 
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..... i .... ..,:' ........... 1 
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I a ~ m a  :ernasul!s I Signature: \ :eaea 

Date: 

I ecology and environment, inc. \ i w 3 s A o o I s n 3 

CUSTODY SEAL 

ecology and environment, inc. 
Job No.:- Lab. No.: 

Da&-/-/- pH: - 
Sampk EXAMPLE 
Test tor: 

Preserved with: 

I 433015 

SAMPLE CONTAINER LABEL 
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M E M O R A N D U M  

To: John Barksdal e 

FROM : Gary Hahn &&,b6 
DATE : December 24; 1388 

SUB JE  CT : 

REF: U-9492, 631.001 

cc: Lab F i l e ,  QA/QC F i l e  

Attached i s  t h e  l abo ra to ry  r e p o r t  of t he  ana lys is  cmdi ic ted on 'wen  . > -  

samples received a t  the Ana ly t i ca l  Services Center on November 16, 
1988. 
"Test Methods f o r  Eva luat ing  Sol i d  Waste, Physical/Chemical Methods," 
Th i rd  Ed i t ion ,  U.S. EPA, 1986. 

Analys is  was performed according t o  t h e  procedures se t  f o r t h  i n  

A l l  samples on which t h i s  r e p o r t  i s  based w i l l  be re ta ined by E & E 
for a pe r iod  of 30 days f rom the date o f  t h i s  report ,  unless otherwise 
i ns t ruc ted  by t h e  c l i e n t .  If add i t i ona l  storage o f  samples i s  
requested by the  c l i e n t ,  a storage fee  o f  $1.00 per sample conta iner  
per mon%h w i l l  be charged f o r  each sample, w i t h  such charges accruing 
u n t i l  des t ruc t i on  of t he  samples i s  author ized by the  c l i e n t .  

GH/geo-M2 / A  
Enclosure 

0001  4 2 6  G-2 



ecology and environment, inc. 
lntemmiond Spacinliits in the Environment 

Job No.: U-9492, 631.001 

Samp I e Dats: 1 I / 15/88 

LABORATORY REPORT 

RE : UP-2000 

p.0. No.: 

U-9492 

31452 31453 

Gw-0 I Gw-02 

D e l l v o r e d  By: Fedoral Express 

31454 31455 31456 31457 

Gw-03 GW-04 GW-12 GW-16 

~~ ~ 

Oats  Received: 11/16/88 Samplsd By: E d E ,  Inc. I 
Sample Type: Water 

E 6 E Lab. No. 88- 

Customer No. 

Somp I e I dent  I t y  

Arsen I c 
Bar1 inn 
Cadml um 
Chroml urn 
I ron 
Lead 
Manganese 
Merciiry 
Solsn I MI 

SI l v s r  
Sod I urn 

(0.005 
2.29 
0,013 
0.195 

0.066 
11.5 
<0.0002 
<0,005 
co.010 

8.12 

247 

(0.005 
1.10 
0.01 1 
0.238 

0.194 
1 .87 

<o .0002 
<0.005 
<0.010 

6.66 

189 

(0.005 
0.212 

(0.005 
0.035 

40.0 
0.013 
1.18 

(0.0002 
e0.005 
<0.010 
54.3 

<0.00.5 
0.252 
(0.005 

0.023 
29.8 

0.028 
1.32 

<0.0002 
(0.005 
.CO.OlO 

136 

(0.005 
1.27 
0.012 
0.292 

0.202 
2.10 

<o .0002 
(0.005 
<0.010 

7.06 

242 

(0.005 
<0.010 
<0.005 
(0.010 
(0.025 
(0.005 
<0.005 
t0.0002 
~0.005 
(0.010 

0.145 

Supsrvls lng Analyst :  

Date: 

recycled paper 



ecology and environment, inc, 
In- speciahnin r)w Lnvmmam 

Job No.: U-9492 

Sample Date: 11/15/88 

Date Recelved: 11/16/88 

LABORATORY REPORT 

RE : w-2Ooo 

P.0. No.: 

Sampled Uy: E 6 E, Inc. 

Sample Type: Water 

E 6 E Lab. No. 88- 

Customer No. 

SalAple Idontlty I 
Arsen I c 
Bsrl um 
Cadmf urn 
Chrocnlum 
I ron 
Lead 
Manganese 
Mercury 
Selenfum 
S I  lver 
SOdtUm 

Dsllvered By: Federal Express 

Method 
B I ank 

R e s u l t s  In: mg/L unless not& 

(0.005 
<0.010 
<0.005 
<0.010 
<0.025 
40.005 
<0.005 
<0.0002 
<0.005 
<0.010 
<0.100 

e Supervising Analyst: 

Date: 
/ 

, ,  

'0003427 
recycled pamr 

6 4  



QUALllY CONTROL FOR RECISION 
RESULTS OF ANALYSIS OF REPLICATE 

ANALYSES OF WATER SAMPLES 

U-9492.2 

Pa ramet e r  

A r  sen l c 

b r i m  

Cadml un 

Chroni un 

I ron 

Lead 

Ma nga nes 8 

Morcury 

Se I en ium 

S i  I vor 

Sod lum 

€ & E  
La b o r a t o q  
No. 88- 

31457 

Or  I g l  nal 
Ana lys  i s  

~0.005 

~ 0 , 0 1 0  

<O .005 

CO.010 

(0.025 

(0.005 

~0.005 

<0.0002 

(0.005 

(0.010 

0.145 

Rap1 l c a t e  
Ana lys  Is 

(0.005 

CO.010 

<O .005 

(0.010 

<o .025 

(0.005 

(0 ,oo 5. 

<o .oo 02 

(0.005 

(0.010 

0.256 

Rclat  ive  
Percent 

D i f ference  
(RPD) 

T h i s  data  i s  w i t h i n  t h e  control  l i m i t s  establishcd i n  EPA Method 6010. 

G-5 



OWLlTY CONTROL FOR ACCWACY: PERCENT RECOVERY 
FOR SPIKED WATER SAMPLES 

u-9492.3 

Pa r m e t e r  

Arsenic 

b r i m  

Cadmi M 

C h r a i  um 

I ron 

Lead 

Hanganme 

Mercury 

Selenium 

S i  I v e r  

E & €  
La baatory  

31457 
NO. 88- 

O r  I g i na I 
Va I ue 

<0.005 

a .010  

<O .005 

4.010 

<O .025 

4.005 

<O -005 

<o .0002 

4.005 

<O.OIO 

k o u n  t 
Added Determined 

(mg/L) 

0.04 

2.0 

0.05 

0.20 

1 .o 

0.04 

0.50 

0.004 

0.01 

0.05 

0.037 

2.15 

0.057 

0.223 

1.14 

0.040 

0.527 

0.004 

0.010 

0.052 

Percent 
Recovery 

92 

108 

114 

112 

1 4  

05 

00 

100 

104 

This data I s  withln tho control l im i ts  ostablishod in  CPA Method 6010. 

0001 4 2 8  
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ecology unci environmerrt, inc. 
lntrrnational Specialists in the Environment 

~ ~ 

S m p l  e Date: 11/15/80 

D a t e  Recelvsd: 11/16/88 

I 
Sample Type: Water 

LABORATORY REPORT 

3 1455 

GW-04 

Job No.: U-9492 

31456 3 1457 

w-12 GW-16 

E L E Lab. No. 88- 

Customer No. 

Sample I d e n t l t y  

Total  Recoverable 
Petroleum Hydr t r  
ca rboos 

3 1452 

OH-0 1 

31453 

Gw-0 2 

U-9432.4 

RE : 1P-2000 

P.O. bb.: 

Sampled f3y: E d E, Inc. 

Del lvered By: Federal Express 

3 1451 

Gw-03 

Results In: mg/L unless noted 
~ 

e1 .o C l  .o cl .o 

receyclad paDer 

G- 7 
I ,  
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ECOLOGY AH) ENVIRONf4ENT'S, INC. 
A N A L Y T I C A L  S E R V I C E S  C E N T E R  

RESULTS OF WATER ANALYSIS FOR 
PRIORITY POLLUTANT PESTICIDES AND PCBs BY GC 

( a l l  resu l t s  In  ug/L) 

31456 

CM-12 

E & E Lab. 
No. 88- 1 31452 I ht hod 

31457 81 ank 

(M-16 
%mp I e 
ldent l t y  1 Gw-01 I Corgound 

A I  d r l  n 
a%% 
titmc 

d%HC 
Ch I ordane 

9.0% 

4,4'-000 
4 , 4 ' - D M  
4.4 ' 4 D T  
D le l d r l n  
Endosulfan I 
Endosulfan I I 
Endow I fan sul f a t e  
Endrin 
Endrin aldehyde 
Heptachlor 
Hap tach I o r '  epox I de 
PCB - 1016 
PC8 - 1221 
PCB - 1232 
PC8 - 1242 
PCB- 1248 
PCD-  1254 
PC8 - 1260 
Toxaphene 

4.023 
4.025 
cO.025 
CO .025 
4 -025 
4 -40 
a .025 
(0.025 
a ,025 
4.025 
d.025 
4.025 
tO -025 
a.025 
4.025 
<0.025 
a.025 
(0.25 
(0.50 
(0.25 
<O -25 
c0.25 
<o .25 
(0.25 
(0 . 50 

31453 31454 

4.0  1 
4.01 
<0.01 
Q.01 
a.01 
(0.20 
a.01 
<0.01 
q -01 
<0.01 
4.01 
4 - 0 1  
4.01 
a.01 
a -01 
4 .01 
a.01 
4.10 

a.10 
4.10 
co.10 
<0.10 
0.67 

4.50 

x0.m 

- 

4.01 
a -01 
a001 
4.0 1 
a .01 
c0.20 
(0 .o 1 
4.01 
<o .o 1 
CO.01 
<0.01 
4 . 0  1 
4.01 
CO.0 1 
4.01 
a.01 
a.01 
<o. 10 
<0.20 
4.10 
4.10 
(0.  10 
(0. 10 
<0.10 
<O . 50 
I 

0001 429  
6 8  

31455 

(M-04 

4.01 
a.01 
4.01 
4) -01 
a.01 
4.20 
4.01 
4.01 
4.01 
(0  .o 1 
4.01 
a.01 
a.01 
(0.01 
4.01 
a.01 
a.01 
a.10 
4.20 
4.10 
<0.10 
a .10  
(0.10 
4.10 
(0 -50 

a .0  1 
4.01 
a.01 
a.01 
a .0  1 
qo.20 
a.01 
a.01 
a.01 
<0.01 
a.01 
4.01 
a.01 
eo .o 1 
a.01 
a.01 
<o .o 1 
a 0 1 0  
a .20 
(0.10 
4 . 1 0  
(0.10 
a.10 
0.60 

4 .50  
- 

4 .0  1 
4 .01 
(0.0 1 
4.01 
a.01 
a .20 
41.01 
<o .o 1 
4.01 
4 . 0  1 
4.01 
a.01 
4.01 
<o .o 1 
a.01 
4.01 
4.01 
a.10 
x0.20 
4 .10  
4.10 
a.10 
(0.10 
co.10 
4 .50 

4.01 I 4 . 0 1  
a.01 
4.01 
4.01 
4 . 2 0  
4 .01 

4 .01 
4.01 
<0.01 
a.01 
4.01 
a.01 
<o .o 1 
4.10 
4.20 
(0.10 
a . 1 0  
<o. IO 
c0.10 
<0.10 
~0.50 



QUAL I TY CONTROL FOR ACClJR ACY AND PR EC I S I ON: 
PERCENT RECOVERY AND RELATIVE PERCENT D I F F E R E K E  

OF WATER MATRIX SPIKE (MS) ANDMATRIX SPIKE DUPLICATE (MSD) 
(Sample 831455) 

U-9492.6 

Compound 

L1 ndane 

Heptach I or 

A l d r i n  

Dl e l d r l n  

End r In 

4,4 '-DOT 

Or ig ina l  
Resu I t 

(0.01 

(0 .o 1 

(0.01 

<0.01 

(0.01 

(0.01 

0.20 

0.20 

0.20 

0.50 

0.50 

0.50 

)IS 

0.32 

- 

0.31 

0.27 

0.81 

1.1 1 

0.82 

MSQ - 
0.35 

0.35 

0.29 

0.86 

1.03 

0.84 

Porcent 
Recovery 

Ms MSD 

80 

78 

68 

81 

1 1  1 

82 

These recovnr ios  and WDs are  w l t h l n  t ho  nccpptance l i m l t - ,  of  EPA Method 8080. 

88 

80 

73 

QG 

103 

89 

WD 

9.0 

12 

7.1 

6.0 

7.5 

8.2 

G- 9 



RESULTS ff WATER ANALYSIS FU? ~ I ~ I T Y  POLLUTAHT 
PURGEABLE ORGANIC c(mpMM6 A H )  HSL COWPOUNOS BY GC/?4S 

( a l l  results In ug/L) 

E 6 E lab. 1 No. 88- 
I 

ch tommethane 
branollet hane 
v lny l  chlorlde 
ch loroethane 
methylene chloride 
acetone 
carbon d lsu l f lds  
1,ldlchloroerthene 
1, I-dlchloraethane 
trans-1,2-dlchIorosthens 
ch lorof onn 
1,Z-dlchIoroethane 
2-butanane 
l,l,I-trlchloroethane 
carbon tetrachloride 
vlnyl acetate 
bronod lch loronethane 
1,2-dIchIoropropans 
trans-1,S-d 1 ch loropropeme 
tr I ch l o m t  hone 
d I bromoch loromthane 
1,1,2-trIchIoroethane 
benzene 
cIs-l,3-dichIoropropene 
Z-chIoraethyIvlnyl ether 
brolnof om 
4-methyI-Z-pentanone 
Z-hewanme 
tetmch loroethene 
l,l,Z,Z-tetrachIoroethane 
t o  I uenr 
chlorobenzene 
ethyl knzene 
s t y m a  
t o ta l  xylenes 

31452 

Gv-01 

%oqmund present belaw measurable detectton l l m l t .  

w-02 

~~ 

31454 

GU-04 

U-9492.7 
~ 

31456 

Gv-12 

G 10 

0 0 0 1  4sO c 



RESULTS OF WATER ANALYSIS FOR PRIORITY POLLUTANT 
PURGEABLE ORGANIC COMPOUNDS AND HSL COMPOUNDS BY GC/MS 

( a l l  results In ug/L) 

E 6 E Lab. 
No. 88- 3 I457 

Samp I e 
Cornpound I dent I t y  GW-16 

chloromethane < l o  
bronumet hane <10 
v lny l  ch lor lde < l o  
chloroethane < l o  
methylene ch lor lde <5* 
acetone <lo* 
carbon d l su l f  Ide ( 5  
1, ldlchloroethene <5 
1,l-dlchloroethane <5 
trons-1,2-dlchloroothene <5 
chloroform <5 
1,2-dlchIoroethane <5 
2-but anone <I0 
t, l , l-tr lchloroethane <5 
carbon te t rach lor ide <5 . 
v tny l  acetate <10 
bromodlchloromethane <5 
1,2dichloropropane ( 5  
trans-1,3-dlchloropropone <5 
t r lchloroethene < 5  
d I bromoch l o r m t h a n e  ( 5  
1,1,2-trlchloroethane <5 
benzene <5 
cis-1,s-dlchloropropene <5 
2-ch loroethy I v Iny I &her < l o  
b r a o f  o n  <5 
4lnethyI-2-pentanone <IO 
2-hexanone <lo  
te t rach loruethene < 5  
1,1,2,Z-tetrachIoroethane <5 
to1 uene <5 
chlorobenzene . <5 
ethylbenzene <5 
styrene ( 5  
t o t a l  xylenes ( 5  

"compound present belaw measurable detsct lon I I m l t .  

U-9492.8 

Met hod 
3 1458 Blank 

G-11 
' " . > . ' i  ' . 

. * I  
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QUALITY CONTROL FOR ACCURACY: PERCENT 
RECOVERY OF SURROGATE SPIKES 

u-9492.9 

Cornpound 
~~ 

1.2-0ichl oroethanod4 

To luened8 

4f3rmof  I uorobenzene 

€ & E  
Laboratory 
b. 08- 

31452 
31453 
31454 
3 1455 
31456 
31457 
31450 

31452 
31453 

31455 
314Y> 
31457 
31458 

31454 

31452 
31453 

31455 
3 1 4 %  
31457 
31458 

31454 

m 
M 

50 
50 
50 
50 

5n 

50 
50 
50 
50 
50 
50 
50 

50 
50 
50 
50 
50 
50 
50 

50 
45 
49 
4 8  
45 
43 
41 

54 
4 9  
52 
51 
53 
52 
51 

54 
41 
49 
47 
48  
40 
46 

These rscwer iss  a re  within the limits of EPA fkthod 0240. 

6 1 2  

Percent 
Recovery 

100 
w 
?rJ 
96 
90 
06 
82 

100 
96 
1M 
10% 
106 
104 
102 

108 
94 
98 
94 
96 
96 
92 

0001431 



QUALITY CONTROL FOR ACCURACY AND PRECJSION: 
PERCENT RECOVERY A M )  RELATIVE PERCENT DIFFERENCE (RF'D) 

OF WATER MATRIX SPIKE (Ms) AN0 MATRIX SPIKE DUPLICATE (MSD) 
(Smple 131455) 

U-9492. IO 

I I i 

- Amount Percent  
Detenn i ned Recovery 

16 MSD 6 ,  MSD 

34 33 68 . 66 

48 49 96 98 

50 51 100 102 

44 43 88 86 

a45 52 90 104 

1,1 - D l c h  I oroethene 

Tr Ich I oroethene 

Ch I orobenzene 

Toluene 

Be nzs ne 

FPD 

3 

2 

. 2  

2 

14' 

50 

50 

50 . 
50 

50 

Wlth t h e  exceptton of t h e  one  va lue  flagged w i t h  an n*ll, these  recoveries and RPDs a r e  w l t h l n  the  
l i m i t s  of €PA Method 8240. 

G-13 



(a l l  resu l ts  I n  ug/L) 
U-9492.11 

E i3 E Lab. 
No. 88- 51452 31453 31494.. 31455 31456 

Sample 
Compound Ident I t y  (3-0 I w-02 GI43 w-04 (M-12 

bl s(2-h I oroethy 1) ether  4 0  4 0  < lo  4 0 <lo 
1.54 I ch I orobenrene <lo <lo <1 0 <lo 4 0  
1,46 I ch I orobenrene e10 <10 <lo <10 < l o  
1,2dIchlorobenrene <10 c10 <lo dl  0 <lo 
bIs(2-chIoroIsopropyI)e+her 4 0 <10 <lo <1 0 < l o  
N-n Itfasod I propy I al ne <lo 4 0  <lo <I 0 <to 
hexachl oroetham, <lo 4 0  <1 0 4 0  4 0  
n I trobsnzene <I 0 c10 <lo <lo 4 0 
lsophocone <lo ClO <lo C l  0 <10 
bls(2-ch lorodhoxy) merthane <lo <lo 4 0 e1 0 <l 0 
1,2,4-trlchl wobenzene <lo <1 0 <lo <lo 4 0 
naphtha I ene <lo < l o  < lo <lo <to 
hexach I orobutad I em <10 <to < l o  e1 0 < I  0 
hexach lorocyc lopentad I ene (1 0 <10 <lo <lo . <10 
2ehlarmaphthaIene <lo <lo <lo <1 0 <lo 
d l n t h y l  phthalate <10 (10 <lo < l o  4 0  
acemphthy I em, <10 C l  0 < l o  <lo <10 
f I uorene <IO <10 (1 0 <to 
acenaphthene <lo c10 <lo  < t o  
2,44 I n l t r o t o  luene <10 <lo <10 c10 4 0  
2,66 I n l t r o t o  1 uene <I 0 <to <1 0 c10 < I  0 
d I ethyl phiha I ate <lo <lo <lo <to 4 0  
4-chIorophonyI phenyl ether <lo < I  0 (10 C l O  <lo 
H.n I t tosod l  pheny I an1 ne < l o  <lo c10 <to 4 0  
4-br-p heny I pheny I ether <10 <to  <lo <10 <to 
bxach  I orobenzene <lo <to <to  ClO <10 
phenanthrene <lo <10 (1 0 <10 < l o  

di-n-butyl phthalate <lo <10 e1 0 < l o  < t o  
f I uoranthene c10 <I  0 4 0  < l o  <lo 
benrldl  ne c50 <50 <so c50 (5  0 
pyrone <l 0 <lo c10 <10 <to 
buty I benzy I phtha I ate e10 <lo  <10 < lo  <lo 
3,3’-d I ch lorobanzld I ne c20 <20 p o  c2 0 e 0  
k n z d a )  anthracene <lo <lo <10 <to c10 
bls(2-ethylhexyl)  phthalate c10 <lo < lo  e 10 <io4 
chyseno < I  0 < I  0 <1 0 <lo  <lo 
dl-n-octyl  phthalate <lo <lo <lo <lo  <1 0 
benro(b) f luoranthene <lo <lo <1 0 < l o  <lo 
benzo(k) f luoranthene <IO <lo <1 0 c10 <10 
benzda) pyrene <1 0 < I  0 e1 0 C1.0 <lo  
Indmo(l,2,3-cd) pyrene <lo c10 <1 0 <10 <t  0 
dlbsnzo(a,h) anthracene <IO <lo <l 0 C l O  4 0  
benzo(gh1)perylene <lo 4 0  e1 0 <to c1 0 

<10 < l o  

anthracene <lo <lo 51 0 < l o  <lo 

’Compound present below measurable detect ion Ilnlt. 

0 14 

0003432 

0 



ECOLOGY ANO ENVIRONMENT'S , 1%. 
A N A L Y T I C A L  S E R V I C E S  C E N T E R  

Compound 

RESULTS OF WATER ANALYSIS FOR PRIORITY POLLUTANT 
ACID EXTRACTABLE COMPOUNDS BY E/MS 

( a l l  results In ug/L) 

E L E Lab. 
No. 08- 

Samp I e 
ldent I t y  

U-9492.12 

phsno I 
2-ch Iorophenol 
2-nltrophenol 
2 , 4 4  lmqthy I phono I 
2,4-dIchIorophenoI 
4-ch Ioro-371~thy I phenol 
2,4,6-trlchlorophenol 
2,4-di n I trophonol 
4-n I trophano I 
4 , 6 4  I n I tro-2-mot hy I p honol 
pantachlcrophenol 

3 1452 

GW-0 1 

3 I453 

GW-02 

(1 0 
<10 
<to 
<10 
< t o  
< l o  
<10 
4 0  
<50 
(50 
4 0  

3 1454 

GW-03 

3 1455 

Gw-0 4 

< l o  
<10 
t10 
< t  0 
t 10  
<10 
(1 0 
(50 
<5 0 
<50 
( 5  0 

G-15 

,- 

31456 

Gw-12 

< l o  
< t o  
<10 
< l o  
(1 0 
(1 0 
< t  0 
<5 0 
(50 
<5 0 
(50 



ECOLOGY A N I  ENVIRONMENT'S, INC. 
A N A L Y T I C A L  S E R V I C E S  C E N T E R  

RESULTS OF WATER ANALYSIS FOR EXTRACTABLE HAZAROOUS 
SUBSTANCE LIST (HSL)t COHPOWS 

( a l l  resul ts  In  ug/L) 

* E L E Lab. 
%. 80- 

Sample 
Compound ldent i t y  

benzyl alcohol 
Z-nethylphenol 
4-methy I p heno I 
benzoic acid 
4 -chloroanl l Ine  
Z-nethy 1 naphtha1 me 
2,4,5-t r I ch I orophenol 
2-nltrcwnl I I n e  

3 -n i t roanI  I ine  
d 1 benzof uran 
411 i t roan i i  Ine 

31452 31453 31454 31 455 3 1456 

GW-0 I (2-02 Gw-03 Gw-04 Gw-I2 

< I  0 < I  0 <to <lo  <lo 
<IO (10 <10 <lo ( 1  0 
< t o  (10 < l o  < I  0 < I  0 
(50 (5 0 4 0  <5 0 <5 0 
<I0 41 0 < I  0 < I  0 <10 
< I  0 <I 0 <lo < I  0 < l o  
<50 c50 <50 <5 0 <5 0 
c50 <5 0 <50 <5 0 <5 0 
<50 e50 <50 <50 <5 0 
<lo  < l o  <1 0 <lo  <I  0 
<50 (50 <50 (5 0 <5 0 

t l n  addi t ion  t o  t h e  P r i o r i t y  Po l lu tan t  Compounds. 

6 
G 16 

0601 4 3 3  



LCULOG'i AllU LEJVIiiUtil"-:ll ' 5 ,  111:. 
A N A L Y T I C A L  S L R V I C C ' ;  C E N T E R  

RESULTS OF WATER ANALYSIS FOR PRIORITY POLLUTANT 
BASE/NEUTRAL EXTRACTABLE CCMPOUNDS BY GC/MS 

( a l l  r e s u l t s  I n  ug/L) 
U-9492.14 

E d E Lab. 
No. 813- t-- 
Samp 1 e 
ldent  1 t y  I Compound . 

b I s( 2-ch I oroethy I )  e t  her 
1,3-dIchIorobenzene 
1,rt-dIchIorobnzono 
1,2-d 1 ch lorolrnnzeno 
b I s (2-ch I or0 I sopropy I )  e t  he r  
N-nItrosodIpropyIamIne 
hexachl o rmthane 
nitrobenzene 
I sop horono 
bls(2-chl  ormthoxy)methann 
1,2,4-tr I ch I orobenzene 
naphtha 1 enr? 
hexachlorobutadt ens 
hexachlorocyc Iopentadlsne 
2-ch loronaphthal one 
dimethyl ph tha la te  
acennphthyl o w  
f t i&t-nn 
acnnophthnno 
2,d-d I n l t r o t o  I uene 
2,6-d I n I t r o t o  I ucne 
d ia thy lph tha la te  
I-ctr I orophmv I pheny I e tho r  
N-nI t rosodIphenyI~mlnn 
4- l> rmphany l  phanyl e t h e r  
hfiwachl orobnnzone 
p hanant hrnne 
anthracene 
dl- n- buty l  ph tha la te  
f I uoranthnne 
bonz I d I ne 
pyrens 
bu ty l  benzy 1 ph tha la te  
3.3'-d Ich  I orobonzl dl  no 
benzda) anthracene 

chryscno 
d i- n-octyl p htho I a t ?  
banzo( b) f 1 uora nthene 
bcnzo( k) f I uoranthene 
benzo( a) pyrsne 
Indsno(l,2,3-cd) pyrnng 
d l  bnnzo(a,h) m th racsns  
bmzo( gh i) pory I one 

bl  s (2  -9t hy I hexy I 1 ph t  ha I 3 t s  

3 1457 

Gw-16 

< l o  
< l o  
t10 
(10 
<10 
< l o  
< lo  
< lo  
<lo 
< lo  
(1 0 
t10 
(10 
<I0 
(10 
t 1  c) 

< l o  
<IO 
(1 0 
t1 0 
<lo  
< l o  
< l o  
< l o  
<IO 
(1 0 
<10 
< l o  
<10 
(5 0 

< I  0 
(20 
< l o  
<lo  
tl 0 
<lo  
<I0 
< I  0 
<lo 
(10 
t 1  0 
(1 0 

t i n  

4 0 .  

F k ,  t hod 
Blank 1 

t10 
tic) 

c10 
t10 
<10 
< l o  
< lo  
<to 
t l  0 
tl 0 
(1 0 
t l O  
<IO 
< lo  
t10 
(10 
<10 
r.10 
(10 

t10 
(1 0 
t10 
< l o  
<10 
t l  0 
<IO 
<10 
< l o  
< I  0 
<so 
<IO 
( 1  0 
<20 
< I O  
<10 
<I0 
<IO 
<IO 
t10 
< l o  
< l o  
< l o  
<to 

ti o 

Method 
Blank 2 

*Compound present below mcasurabls dobcction I i m i t .  

0 
G-17 



ECOLOGY A N )  ENVIROWKNT'S, INC. 
A N A L Y T I C A L  S E R V I C E S  C E N T E R  

RESULTS OF WATER ANALYSIS FOR PRloRlTY POLLUTANT 
ACID EXTRACTABLE CDMp0UN)S BY GC/MS 

( a l l  results I n  ug/U 

~ ~ 

Compound 

E d E Lab. 
No. 88- 

phenol 
2-ch I orop heno I 
2-n I trop honol 

2,44ImethyIphenoI 

2,I-d1chIorc?phcnoI 
4-chIorc~3-methyIphcnol 

2,4,fi-trlchlorophsnoI 

2,rl-d In1 troph.?;rol 

4-n I trbp hsno I 
4,6-d I n I t r o Z - t n 9 t  hy I phmol  
pnnt,xhI orophsnol 

0001  4 3 4  G-18 



e 

GW-I 6 

< t  0 
< I  0 
<10 
4 0  
< l o  
< l o  
<50 
<50 
(50 
(10 
c50 

ECOLOGY AND ENV I RON4ENT'SI I N: . 
A N A L Y T I C A L  S E R V I C E S  C E N T E R  

RESULTS OF WATER AFIALYS I S  FOR EXTRACTABLE HAZARDOUS 
SUBSTANCE LIST (HSL) t COMPOUNDS 

( a l l  r e s u l t s  I n  ug/L1 

<lo  
< I  0 
(1 0 
<50 
<10 
<I 0 
(50 
c50 
cs 0 
< l o  
(50 

E 4. E Lob. 
NO. ao- 

Samp I o 
Compound ldent  I t y  

benzy I a lcohol 
2-mot hy I p h cno I 
4-mothy I p heno I 
benzols ac id  
4-ch I oroonl I I no 
2-mothyInaphthaIcns 
2,4,5-tr I ch I Drop heno I 
2-nl P r o m 1  I Inc, 
3 - n i t t o m i  I i n s  
d I bonrof uran 
I - n l t r o a n l  I ine 

I 

t l n  a d d l t l o n  t o  t h e  P r i o r i t y  P o l l u t a n t  Compounds. 

IC G-19 

M e  t hod 
Blank 2 

< t  0 
( 1  0 
< l o  
<5 0 
c1 0 
< I  0 
c5 0 
c5n 
<50 
< l o  

c50 I 

c 



QUALITY CONTROL FOR ACaRACY: RFaCENT 
RECOVERY OF SURROGATE SPIKES 

0-9492.17 

Canpound 

N1 t r o b e n z e n e d 5  

2-F I uo rob i p h e w  I 

Terpherty I -d14 

E & €  
laboratory 

rb. 88- 

31452 
31453 
31454 
31455 
31456 
51457 

31452 
31453 

31 4 55 
31456 
31457 

s i 4 n  

3 1452 
31453 
31454 
31455 
31456 
31457 

These recoveries are w l t h l n  the l l m l t s  

100 
100 
100 
100 
too 
too 

100  
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

63 

83 
61 
50 
65 

m 

61 
45 
74 
58 
60 
67 

80 
67 
80 
69 
58 
81 

0001 435 6-20 

fl €PA Method 8270. 

P e r c e n t  
Recovery 

63 
50 
83 
61 
58 
65 

61 
45 
74 
58 
60 
67 

80 
67 
80 
69 * 
58 
81 



QUALITY CONTROL FOR ACCURACY: PERCENT 
RECOVERY OF SURROGATE SPIKES 

U-9492.18 

Compound 

2-FI uorophenoi 

Phcno I-d5 

2,4,6-Tr ibranophenol 

E L €  
Laboratory 
No. 88- 

31452 
31 453 
31454 
31455 
51456 
31457 

31452 
31453 
31454 
31455 
31456 
31457 

31452 
3 1455 
31454 
31 455 
31456 
31457 

Amount Amount 
Added I Detennined 

20 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 

77 
72 

147 
97 

109 
122 

56 
54 

118 
60 
66 
77 

86 

82 
70 

136 
146 

60 

'hese rocovorlcs a re  wlthln tho limits of EPA Method 8270. 

Percen t  
Recovery 

39 
36 
74 
49 
55 
61 

28 
27 
59 
30 
33 
39 

43  
30 
41 
35 
68 
73 

I .  
I 

1 

G-21 



QUALITY CONTROL FOR ACCURACY AM)  PRECISION: 
PERCENT RECOVERY AH)  RELATIVE PERCENT DIFFERENCE 

OF WATER UATRIX SPIKE (6) A M )  MATRIX SPIKE DUPLICATE (%Dl 
(Sample 131453) 

hnount 
Mdsd 

100 
100 
100 
100 
I O 0  
100 
200 
200 
200 
200 
200 

Compound 

hmount 
oste#rminsd 

Ms HSD 

77 88 
70 71 
% 101 
68 54 
110 1 I9 
69 78 
49 35 

104 106 
135 138 
156 144 
m 46 

I ,2,4-Tr I ch I orobenzew 
kenaphtheme 
2,4-0lnitrotoluene 
h r e n e  
MI t rar0-01 -n-prapy I mi ne 
1,4-0lchlorobenzene 
Pentachlorophenol 
Phenol 
2 4 1  I orophenol 
4 C h  I oro-3-met hy I phenol 
441 t rophemo I 

MSD 

88 
71 

101 
54 
119* 
78 
18 
53 
69 
72 
23 

Original 
Result WO 

13 
1 
5 
23 
8 
12 
53 

2 
1 
8 
41 

I 
U-9492.19 

Percent 

ws 

n 

% 
68 

1 IO 
69 
25 
52 
68 
78 
35 

io 

Wlth ths exception of the one valuo flagged with an I)*", these recoveries and WOs are  wlthin the 
I I n l t s  fo r  EPA Hethod 8270. 

0001 436  
6 2 2  

I 
. i  
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APPENDIX E 

PRocmmmn AND n A w  CONTROL 

E & E'S ANALYTICAL SERVICES CENTER 

H- 1 
[Bold items enclosed in brackets denote changes from original text] 



8.1 -ATIOR 

Documentation for E & E ' s  purchasing system consists of four basic 
steps/documents. 

o Purchase Requisition, 
o Purchase Order, 
o Vendor Invoice, and 
o Packing List. 

H . l . 1  Purpose of Docraents 
Purchase acquisition 

The Purchase Requisition (PR) is the original document that 
initiates the purchase procedure. 
document from the originator to the buyer. 
assirt in avoiding errors or misunderstandings which my occur through 
verbal communication. 
ordering. 
file until the order is complete. 
reference to facilitate the completion of future PRs. 

It is an internal communication 
Its main purpose is to 

The PR also helps in preventing duplicate 
It is suggested that the originator retain a carbon copy on 

Any PR retained may also become a 

Purchase Order 
The Purchase Order (PO) is the second document in the purchase 

process. Its purpose is to transform the PR into an order to an outside 
supplier to request shipment of specified items. The PO is the external 
colrunication document from the buyer to the supplier and again its main 
purpose is to assist in avoiding errors or misunderstandings which may 
occur through verbal transmittals. Eowever, preordering by telephone, 
quoting a PO number, and then mailing the PO is acceptable in certain 
circumstances. 
a contract if the supplier returns an order confirmation. 

The PO is a legal binding document and is categorized as 

Each buyer will be supplied with consecutively numbered PO sets by 
the Director of Administrative Services. Each PO number must be 
accounted for, even if it has been voided. 
form. 
its purpose. 

The PO is a four-part snap 
Each copy is a different color in order to visually distinguish 

000 1438  
E-2 

[Bold i t e m  enclosed in brackets denote chaqges from original text] 



Vendor Invoice 
The vendor invoice is the vendor's request for payment and includes 

an itemized list of the delivered merchandise. All vendor invoices must 
include the PO number. 

0 

H.1.2. Procedure for Completing Purchase Requisition (PR) and Purchase 
Order (PO) 

When the buyer receives the PR, he will do the following: 

1. 

.2. 

, 3. 

4. 

Check PR for proper approvals. 
missing, he will return form to requisitioner. If material is 
required on a rush basis, he will obtain verbal approval and so 
note on the PR. The original PR should be sent to the proper 
approver for his/her signature and then be returned to the buyer. 
The buyer should keep a copy of each PR until the original is 
re turned. 

If one or both signatures are 

If price and vendor are not provided, the buyer will establish a 
vendor (by calling or writing) and enter the information on the PR. 

If in #2 above the price exceeds the limits, the buyer will forward 
the PR to the proper superior for approval (see "Dollar Limit and 
Approval Schedule"). If it is a rush order, the buyer will call 
approver and obtain a verbal okay in order to begin completing the 
PO; then the buyer will return PR for approval. 

Verify the account number and project or budget number. 
are stated, the buyer will enter them. 

If none 

After completion of the PR, the buyer prepares a PO. The following list 
explains itemslsteps which must be checked and fulfilled by the buyer. 

1. 

2. 

3. 

4. 

5. 

6 .  

The company name must be the same on all POs. 

The billing address is typed on the PO and is different for every 
zone. 

PO numbers must follow in consecutive order. When a PO has been 
voided, all four parts must be filed in the number file. 

"Ship To" can be different than the mailing address. 

"Attention" is the name, department, or location of the receiver of 
goods. 

"Ton is the name and address of the supplier. 
to utilize a window envelope. 

The PO is designed 

[Bold items enclosed in brackets denote changes from original text] 



7. "Hailing Address" is the address of the buyer which must be typed. 
All invoices will be directed to this address. 

8. Instructions to supplier, e.g., "Our order number must appear on 
all correspondence, invoices, packing lists, and packages," is 
imprinted on the PO. 

9. PR # (if applicable), Date, Ship Via, P.O.B . ,  Terms, Delivery 
Required, and Hail Invoices in Duplicate are self-explanatory. 

10. Item X, Description, Quantity, Unit Price, and Total are copies 
from the PR or are obtained by the buyer. 

11. If the items are sales tax exempt, the PO must be stamped 
accordingly and exempt number quoted. 

After the PO is completed--all items above have been checked and 
fulfilled--the buyer signs the PO. 

Di8tribution 
To distribute the PO documentation, the buyer mails the original 

(white form) to the supplier. 
receiver. 

He forwards the pink copy to the 
The pink copy will become the Receiving Report. The buyer 

retains the green copy in an open vendor file together with the approved 
PR and files the yellow copy in a consecutive number file. 
consecutive number file is also used to store any four-part voided POs. 

(All PO numbers must be accounted for in this file.) 

The 

H . 2  OF ITBHS 
The Sample Management Group is responsible for receiving purchased 

goods at the laboratory. Prior to receiving goods, the receiver will 
have received the pink copy of the PO. This pink PO is filed according 
to date of promised delivery to provide a fast check of what is expected 
to arrive on a certain date and what is overdue. Uhen the goods arrive, 
the receiver will pull the pink PO, check the goods against the order 
and the packing slip, check the PO number on the packing slip, and 
compare (make changes if required). 
marks date received and whether shipment is partial or complete, signs 
his acceptance, attaches the packing slip and/or other shipping reports, 
and forwards these documents to the buyer. The receiver either delivers 

The receiver stamps the pink PO, 

E-4 
[Bold items enclosed in brackets demte changes from original text] 



the merchandise to the originator of the PR or places it in storage and 
notifies the originator of the PR of its arrival via the documentation. 

o If a partial shipment is received, then the receiver marks on the 
pink PO the particulars, prepares a copy, and mails the copy with 
the packing slip to the buyer. The pink PO remains on file until 
shipment is complete. 

o If a shipment is not accepted and is returned to the supplier, then 

The pink PO remains in the file until 
the receiver marks the reason on the pink PO, makes a copy, and 
mails the copy to the buyer. 
a new shipment arrives. 

o If goods are found to be faulty at a later date and all documents 
have already been sent to the buyer, the requisitioner communicates 
wlth the buyer asking for a request to return the merchandise to 

The buyer will then attempt to stop payment if it 
has not already been made. The buyer will contact the supplier to 
return the merchandise and, if payment has been made, obtain a 
credit; a refund check, or replacement merchandise. The receiver 
either delivers the replacement/outstanding material(s) to the 
originator of the PR or places it in stock and notifies the 
originator of the PR of its arrival via a copy of the packing slip. 

A buyer should create and maintain a vendor file which will provide 

. the supplier. 

up-to-date, reliable information regarding vendor performance. 

H . 3  QUALITY CONTROL OF ORDERED ITEl4S 

The originator of the PR is responsible for verifying the quality 
of purchased material and storing and using it in a manner that will not 
compromise its quality. 
adhered to: 

The following specific requirements must be 

o Analytical instruments must be installed without delay and checked 
against factory and method specifications. Instruments must be on 
line and running errar-free for two weeks. At that time the 
section supervisor may approve payment. 

o All reagent containers must be labeled as follows: 
Date 
Received 
Date 
Opened 
Date 
Expires 
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The following guidelines should bq used for expiration dates: 

Standard solutions - 30 days 
Solvents - 1 year 
Hygroscopic or 
Oxidizable Salts - 2 years 

Other dry, free flowing 
salts, elements or 
compounds - 10 years 

Acids and bases - 5 years 

o Analytical standards must be recorded in a standards log including 
lot number and source. 
primary standard, standard reference material, or existiw "in use" 
standard before use. 

Standards must be verified against a 

o New chemicals must be entered into the master inventory, and 
material safety data sheets (HSDSs) must be incorporated into the 
compilation of HSDSs at the point of use and the central file. 

o Bulk chemicals such as solvents, acids, and sodium sulfate are 
dated on the case upon receipt and stored in a first-inlfirst-out 
manner in the chemical storage area. 

o Critical items such as solvents (e.g., acetone, hexane, and 
methylene chloride) and trace metals-grade acids (e.g., HC1, HN03, 
E 2 S 0 4 )  are pretested and purchased only from pre-approved vendors. 
Arrangements have been made with these vendors to sequester 6-month 
supplies of single lot materials to prevent variability in quality. 0 

E.4 OF IIWOICBS 
The buyer, prior to receiving the invoices, should have received 

the receiving documents from the receiver. 
receiving documents with the corresponding green PO and approved PR in 
the open vendor file mentioned previously. 
the buyer will pull the green PO, the approved PR, and the receiving 
documents from the open vendor file and compare the invoice with the 
pink PO. 
invoice with information including account number, project number, price 
and extension, order complete, payment OK. The buyer then will fill in 
the information--account X ,  project or budget #--from the approved PR. 
Price and extension will be marked wokay;" order complete will be marked 
"yes." The PR and receiving documents are then attached to the original 
copy of the invoice and forwarded to Buffalo for payment. 

The buyer will file the 

When the invoice arrives, 

If all compares satisfactorily, the buyer will stamp the 

The buyer 
will then staple a copy of the invoice to the green PO and file these 
documents in a completed-PO file by vendor's name. 

E-6 s 
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B.5 DEVIATIONS 

If the invoice covers a partial shipment, the buyer will run a copy 
The buyer of the PR and mark the green PO with the partial information. 

will then return both the green PO and the original PR to the open 
vendor file. 
package is not pink but is a white, run-off copy, since the pink copy is 
still with the receiver. 

0 

Note that the receiving copy in a llPartialll invoice 
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1.1 PIELD plmmmBL 

1.1.1 Basic Healtb and Safety Training 
All new field personnel are required to successfully complete 40 

hours of Basic Health and Safety Training. 
The Basic Health and Safety Training course is an introduction to 

the need for and content of the special health surveillance monitoring 
program and to other health- and safety-related considerations such- as 
respiratory protection, levels of safety equipment, composition of waste 
site entry teams, and decontamination of personnel and equipment. 
Bands-on training prepares field personnel to operate under a variety of 
environmental conditions; technical personnel participate in three days 
of hands-on training at a project site. 

all Occupational Safety and Health Administration (OSEA) requirements. 
New employees also receive first-aid and cardiopulmonary resuscitation 
training in certified Red Cross classes and a one-week introduction to 
E 6 E policy and procedures. Additional training for nev employees is 
determined by the supervisor and varies with each employee, depending on 
their technical field, job responsibilities, and level of experience. 

This training course, including the hands-on training, satisfies 

Descriptions of the health and safety training offered to E 6 E 
employees are included below. 

Initial Health and Safety Training 
Initial training is accomplished in a classroom setting where 
individuals gain a basic familiarity with: 

0 
0 

0 
0 

0 
0 

0 

0 
0 
0 
0 

Standard operating procedures; 
Program policies and concepts; 
Respiratory protect ion; 
Protective equipment; 
Toxicology; 
Industrial hygiene considerations; 
Safety plan development; 
Remedial planning; 
Air characterization - hazard assessment; 
Field sampling; 
Chain-of-custody procedures; 

0 
I 
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. o Decontamination procedures; 
o Field investigation procedures; and 0 o Emergency preparedness. 

Following classroom training, all team members are to undertake a 
program of hands-on training in a field setting. 

field training is to: 
The purpose of the 

o Allow the employee to put theory into practice. 

o Help the employee gain confidence in him/herself as well as with 
the equipment and techniques upon which he/she must rely. 

o Build upon the "team" concept, which is essential during work in 
hazardous envirpnments. 

Refresher Health and Safety Training 
Periodic refresher training is required of all team members to . 

inform them of new techniques, policies, and procedures, as well as to 
provide a review of existing techniques. This periodic training helps 
further develop each member's proficiency and professionalism. 
Additionally, CPR and first-aid certification must be renewed, CPR on an 
annual basis and first-aid every three years. 0 

Regional training coordinators maintain a training file for each 
member. The file is kept up-to-date and records all training sessions 
attended by individual team members. 

1.1.2 Corporate Policies and Procedures Training 
Corporate training involves classroom instruction during which 

individuals are oriented to E 6 E's structure, management, and 
operations. 
following areas: 

Technical employees receive introductory training in the 

o Pro j ec t management ; 
o E & E computer software; 
o Data validation; 
o Environmental chemistry; 
o Quality assurance and quali ty control (QA/QC) ; 
o Risk assessment; 
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o Equipment usage; 
o Liability; and 
o Environmental regulation. 

In addition, employees may participate in an 8-hour Radiation 
Worker Training to allow them to work in radiation contaminated areas. 
Employees also receive hands-on training in work plan preparation, field 
sampling, sample packaging, and laboratory utilization. 

1.1.3 Ongoing Technical Training 
Technical training seminars are presented on a regular basis by 

technical personnel in their area of expertise. 
seminars are to provide up-to-date information on new techniques, 
policies, and procedures, as well as refreshing personnel on existing 
standard operating procedures. Seminar topics include, but are not 
limited to: 

The purpose of these 

Sample plan development; 
QA/QC requirements; 
Field activity logbooks; 
Analytical data interpretation; 
Well construction; 
Sample collection for all matrices; 
Sample management; 
Decontamination procedures; and 
Instrument calibration. 

1.2 LABoRAmT PmsaaRL 

All new laboratory analysts/technicians are required to undergo 
training by the supervisor and/or senior analyst for their specific 
areas of expertise (e.g., organics, inorganics, GC/HS). This in-house 
training includes required instruction in E & E ' s  Health and Safety 
Hanual and the Laboratory and Field Personnel Chain-of-Custody 
Documeatation and Quality Assurance/Quality Control Procedures Manual, 
as wellas hands-on training in the use of approved analytical 
methodologies. All analysts undergo a training period vith an 
experienced analyst suited to their individual expertise. 
successfully complete start-up criteria for an analytical method before 
they are allowed to work independently. 

Analysts must 
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Laboratory personnel are encouraged to further their education in 
their areas of expertise. To facilitate this advancement, the company 
offers a tuition reimbursement program. 

0 
In addition, attendance at 

training courses and seminars sponsored and run by equipment 
manufacturers and other is encouraged. 
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Section 1.0 
Introduction 

Most air pollution control agencies 
have been measuring meteorological 
variables for as long as they have been 
measuring atmospheric contaminants. 
Wind speed, direction, and temperature 
are the usual measurements. For the 
most part, these data have been filed 
away and forgotten, to be retrieved 
occasionally to help track down the 
source of a noxious odor, for use in air 
pollution episodes, or the accidental 
spill of a toxic chemical. 

Serious attempts to use the monitored 
meteorological information to help 
analyze air quality data or as input into a 
diffusion model are usually met with 
limited success. Upon inquiry into the 
status or quality of the data, one is 
frequently told such things as: "Oh, that 
station used to be O.K., but since we put 
it up in 1 964 some trees have grown up 
around it." or 'Well, you can have that 
data if you want, but we don't know if it 
is any good-the propeller is st i l l  
spinning so I suppose it's O.K." With 
uncertainties such as these, it is no 
wonder that the diffusion meteorologist 
turns so often to the nearest National 
Weather Service office for data. This is 
not meant as criticism of any air 
pollution control agency. For the most 
part, these agencies have been under- 
staffed. underfunded, and overworked. 
Meteorological data have had a uniquely 
low spot on priority lists, if they were 
thought about at all. Federal agencies 
have also been lax in setting good 
examples of how to run meteorological 
quality assurance programs. 

Recent events, however, have com- 
bined to bring about a needed change in 
this situation. Increased emphasis on 
models for decision-making has high- 
lighted the need for bener urban-scale 
met eorol og ica I data. Phot oc hem i ca I 
mbdels. especially, have a need for a 
dense network of meteorological moni- 
toring stations. Agencies have rapidly 
come to realize that they have a need for 
the meteorological data they have been 
gathering all along. In addition, the 
recently published "Ambient Monitoring 
Guidelines for Prevention of Significant 
Deterioration (PSD)" (USEPA, 1980) 
document requires new sources to 
monitor meteorological and atmospheric 
variables at many proposed sites for 
new industrial facilities in order to 
evaluate their air quality impact. Finally, 
a committee of the American Meteoro- 

logical Society (Hanna, 1977) has 
recommended that dispersion param- 
eters used in  models should be meas- 
ured directly on site rather than con- 
tinue use of standardvaluesfrom tables 
as has been done in the past. 

In response to this growing interest in 
and need for higher quality meteoro- 
logical data, various air quality monitor- 
ing groups have perceivedthe needfor a 
formal quality assurance plan for the 
collection of meteorological data. This 
report addresses this need by suggesting 
a quality assurance program that will be 
useful for meteorological monitoring 
done in support of air pollution studies. 
It is hoped that such a program would 
benefit short- and long-term field 
measurement programs. Others in the 
meteorological monitoring business 
may also find it useful in the develop- 
ment of their own quality assurance 
programs. 

evaluate the projected uses of the data it 
is gathering and the value of that data 
or, conversely, the cost of invalid data. 
This exercise should help in the budget 
decisions connected with the QA 
program. 

As with any other new program. the 
implementation of a quality assurance 
program in a laboratory that did not 
previously have one will require an 
additional expenditure of resources. 
The adoption of a program on paper, 
without allowing for the additional 
manpower and money that are needed. 
will not result in substantial improve- 
ment in data quality. The challenge is-to 
develop a program that meets an 
agency's data needs and is cost- 
effective. This manual has been prepared 
to assist in achieving that goal. 

I. I Organizatioi 
This report is organized in three main 

parts. Section 2 discusses the meteoro- 
logical measurement system. It reviews 
methods of measurement, procurement, 
maintenance and calibration from the 
perspective of quality assurance (QA). 
The practical advice comes principally 
from experience of the authors. The QA 
procedures follow the principles of the 
€PA Quality Assurance Handbook 
(USEPA, 1976). 

Section 3 provides. guidance for 
judging the suitability of the siting of the 
various meteorological sensors. Where 
possible this guidance follows that of 
the World Meteorological Organization 
(WMO, 1971 1 although some changes 
are made since it is recognized that the 
goals of WMO's climatological program 
may not be the same as those of an air 
pollution control agency. 

The final section (Section 4) reviews 
various approaches to data validation 
procedures and makes some recom- 
mendations for one example program. 
Both automatic and manual validation 
procedures are discussed. A mixture of 
both is suggested, but each monitoring 
group will have to evaluate its own 
situation before designing its procedures. 

1.2 implementation 
Before implementing a quality assur- 

ance program. an agency should try to 
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Section 2.0 
Quality Assurance of the Measurement Process 

Al l  too often the meteorological 
system i s  considered an infallible 
instrument or group of instruments 
that, once installed, yields accurate 
measwamona until catastrophic failure, 
an easily rocognhd event, occurs. This 
is not ww. Metmrdogical instrument.- 
tion requires calibration, preventive 
maimnmce, and constant checking if 
the data acquired are to be accurate and 
awn-. 

This ssction provides guidelines for 
proper meteorological instrument opsr- 
ation to obtain good quality data. The 
variables discussed here are: wind 
speed, wind direction, temperature, 
humidity/dew point. precipitation. and 
total sky radiation. 

For each instrument, selection and 
acceptam criteria (procurement), lab 
and field calibration procedures, re- 
commended maintenance procedures, 
and audit procedures are presented. 

Recommendations for the imple- 
mentation and management of a quality 
assurance (QA) program for meteoro- 
logical instrumentation are presented. 

2.1 Quality Assurance 
Program for Meteorological 
Measurements 

Quality assurance (QA) applied to 
environmental monitoring consists of 
both "the systbm of activities to provide 
a quality product" (traditional quality 
control) and "me system of activities to 
provide assurance that the quality 
control system is performing adequately" 
(traditional quality assurance). The first 
of these quality control (QC) functions 
consists of those activities performed by 
station operators directly on the instru- 
ments, e.g., preventive maintenance, 
calibrations. etc. These activities are 
described for each of the individual 
instruments in Sections 2.3 through 
2.8. The purpose of the second set of 
activities is to manage the quality of the 
data and administer corrective actions 
as necessary to ensure that the data 
quality requirements are met. This 
section descrbes the planning, operation, 
and reporting of the quality assurance 
effort. 

2.1.1 Planning for a Quality 
Assurance Program 

A formal quality assurance program 
should be designed into the monitoring 
system so that provisions may be made 

in the system W i n  for doeidquality 
contrdchedcsandforbettermonitoring 
of *em operations. if these a a i v i t i  
are planned and provicbd f a  by incor- 
poration of necessay readouts, calika- 
tion uwlrces. ac, then they a n  more 
likely to be perfomd in a satisfaam 
manner. 

The quality assurance activities 
necessary for a monitoring program we 
determined by the program data quality 
requirements which are, in turn, 
thtermined by the .purpose for which 
the data are to be usod. Conrickration 
must also be given to possible future 
applications of the data. 
The f o r d  pbns for quality aasuramce 

must be presented in adocumentcalkd 
the QA Plan. This document l ise all 
necessary quality-related procedures 
and the frequency with which they 
should be performed. Specific informa- 
tion to be included is described behw 
Project personnel responsibilities: 

Responsibilities of personnel per- 
forming tasks that affect data quality. 

Data reporting procdures: Brief de- 
scription of how data are produced 
delineating functions performed 
during each step of the data processing 
sequence. 

Data validation procedures: Detailed 
listing of criteria to be applied to data 
for testing their validity, how the 
validation process is to be carried 
out. and the treatment of data found 
to be questionable or invalid. 

Audit procedures: Detailed description 
of what audits are to be performed. 
how often they are to be performed, 
and an audit p r d u r e  (referencing 
document procedures whenever 
possible). Also, description of internal 
and external -toms audits including 
site inspections by supervisory per- 
sonnel or others. 

Calibration procedures: Detailed de- 
scription of calibration techniques 
and frequency for each of the sensors 
or instruments being used. Both full 
calibrations and zero and span chedts 
should be defined. 

Preventive ma in tena nce schedule: 
Detailed listing of specific preventive 
maintenance functions and the fre- 
quency at which they should be per- 
formed. Includes not only routine 
equipment inspection and wearable 
parts replacement but also functional 
tests to be performed on equipment. 

Quality r m :  Schedule and content 
of nporcr for submission to manage- 
ment describing status of quality 
assurance program. 
Mom details on the requirements for 

a OA pian which is to be submitted to 
EPA me availrbk in "Interim Guidelines 
and Specifications for Preparing Quality 
Assurur#, Project Plans." prepared by 
the O l f i  of Monitoring Systems and 
Quality Assurance (1 980). 

2.1.2 Operation 8nd Manegement of 
a Qudity Assurance Program 

The quality assurance program in- 
cludes the implementation of all func- 
tions specified in the QA Plan. This 
implementation involves personnel at 
all le&s d the organization. Technicians 
who operate equipment must perform 
preventive maintenance and QC checks 
on the measurements systems for 
which they are responsible. They must 
.perfm calibrations and, when required, 
participate in internal audits of stations 
run bo the r  technicians. Their immedi- 
ate supervisors should check to see that 
all specified OA tasks are performed, 
and should review logs and control 
charts to ensure that potential problems 
are mected before significant data 
bss occurs. 

The ovwall QA program responsibility 
lies with the Frson responsible for 
quality assurance. His responsibility 
includes the assessment of the quality 
of the data acquired, the preparation of 
QA status reports, and management of 
the quality assurance effort in  a cost- 
effective manner. The quality assurance 
coordinator must track the implementa- 
tion and effectiveness of the QA plan 
through reports from subordinates. 
pe-l communications. on-site in- 
spections, and review of audit data. 
Data validation procedures also provide 
indications of degradations of data 
quality: however, these indications are 
not produced until data problems occur 
and data are being lost. Jt is more cost 
effective, considering the value of lost 
data, to implement adequate assess- 
ment and preventive measures to 
correct data quality problems before 
significant amounts of data are lost. 

The audits-both performance and 
system-provide the manager with the 
best information for the quantitative 
and qualitative assessment of the status 
of the QA program. The following 
sections present considerations for the 
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performance of audits and evaluation of 
results. 

2.1.2.1 Systems and Performance 
Audits-Systems and performance audits 
should be the most quantitative and 
unbiased measures of data quality 
available to the QA coordinator. The 
systems audit is an inspection of 
monitoring stations for indications of 
proper quality control procedures and 
adequacy of the instrumentation for 
making the desired measurement. 

Inspections are made to determine: 
adequacy of recordkeeping 
level of preventive maintenance 
suitability of equipment used for 
calibration and operational checks 

0 adequacy of operating procedures 

Systems audits should be performed 
at the beginning of a monitoring 
program shortly before data acquisition 
has begun and yearly thereafter. If data 
quality does not meet the requirements 
of the program, the systems audit 
should be performed more frequently. 

System audits should ideally be 
performed by an im'panial group com- 
Rletely independent of the group operat- 
ing the monitoring program. This is 
especially important if the audits are to 
be used to establish credibility for the 
measurements being taken (i.e., for 
demonstrating data quality to the 
agency requiring the measurements or 

for possible use in a court of law). If the 
systems audit is simply to function as an 
on-site inspection as part of the man- 
agement review process, then it may be 
performed by the supervisor or manager 
responsible for the station operation. 

Performance audits provide a quanti- 
tative indication of the accuracy of 

'.measurements being made by the 
physical verification of the instrument 
calibration. Suggested audit methods 
are described for each of the variables in 
Sections 2.3 through 2.8 and summarized 
in Table 2.1.1. Having independent 
investigators execute the audit applies 
also to performance audits. 

2.1.2.2 Interpretation of Audit Results- 
The interpretation of audit results for 
meteorological instrumentation wi l l  
necessarily be somewhat different from 
interpretation for ambient air monitoring 
instruments because of differences in 
the audit techniques. Air monitoring 
equipment is accessible because it is 
usually installed in air conditioned 
shelters with the sample drawn into the 
instrument through a tube. Calibrations 
or audits are performed by generating 
known concentrations of the monitored 
gas in a manifold and letting the 
instrument draw its sample from that 
manifold in the same manner in which it 
would draw the ambient air sample. The 
test conditions, therefore, accurately 
simulate the measured conditions with 

Table 2.1. I .  Summary of Performance Audit Methods for Common Meteorologr 

Audit method 
Measurement system 

Variable Collocated transfer standard audit or calibration 

the measured quantity being carefully 
controlled. 

Meteorological instrumentation. how- 
ever, usually consists of a sensing 
element that must be located directly in 
the field being measured without 
altering that field. Producing a known 
field of meteorological variables at the 
monitoring site is exceedingly difficult, 
if not impossible. Once installed, the 
instrument may only be checked by 
generating an artificial field (e.g., 
spinning anemometer cups with a 
motor, orienting the wind vane toward 
aiming stakes, or submersion of a 
temperature sensor in a bath). Checks 
made in this manner do not detect or 
quantify coupling errors that occur at 
the sensor/air interface (slippage of 
cups in wind because of increased 
bearing friction, errors in indicated 
direction due to geom et ri ca I asymmetry 
of the vane, or effects of radiation on 
temperature measurements). The checks 
represent only a calibration of a portio-n 
of the system and, consequently, may 
not be routinely used to evaluate 
accuracy on the entire measurement 
system. 

The instrument may also be checked 
by the technique of collocated sensors. 
in which the audit sensor is subject to 
the same air/sensor interface errors as 
the audited sensor. When audits of this 
type are conducted, the ambient field as 
measured by the audit device isassumed 

ical Monitoring Instruments in the Field 

Operational check 

Wind speed 

Wind 
direction 

Sigma theta 

Temperature 

Humidity 

Solar 
.radiation 
Precipitation 

Anemometer with calibration 
related to NBS sensor shaft. Starting torque or voltage 

Wind vane with independent Alignment to orientation target Substitute known 
orientation and rotate in three or more resistance for 

Calculate from direction Calculate from direction samples Substitute known 
samples amplitude and wave shape 

Thermometer with calibration 
related to NES in acceptable 
aspirated radiation shield 

Known rate of rotations driving 

measurement for threshold 

Substitute known frequency 

known angular steps potentiometer type 

in frequency window 
Substitute resistance or 
voltage for sensors 

Compare with transfer standard at 
two or more temperatures in 
stable thermal masses. For 
differential temperature test 
zero difference at two 
temperatures 

Assmann psychrometer, 
cooled-mirror dewpointer 

No practical field method 
Return for lab calibration 

Substitute resistance for 
temperature 

Calibrated p yranometer Cover sensor for zero point. 
Return for lab calibration 

Not applicable Introduce known volume of water Substitute event simulator 
at rate about 1 mch/hour into 
known inlet area (tipping 
bucketj Use calibration weighing gage) 
weights (weighing gagel Y 

Substitute millivolts or 
microvolts for sensor 

(tipping bucketj or 
resistance (electric 

r 
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T d k  2.1.2. 
Calduation via Collocat d 

Variable1 artificial fieW sensors" 
Wind speed M.2 m/s M.5 m/s 
Wind drisction f z o  9 
Temperature f0.25OC 
Temperature dfierence fo. 1 *c 
Humidity/&w point Return to mmufactwert - f1.PC"' 

Recommended Tolsvsnco Limits for Audit Resuhs 

M.PC 
M.PC 

3 5 %  Full scale 170 W/mtl 

"Artiikid h i d  implies the simulation of the measured vwiable by artificiid means lag.. spinning anennnneter cups b~ 

**Sensors utikzing the same maswdment technque aperated in similar housings loe.tsd adjacent to the audited sensor. 

tor an hpmrtial standar& Iabatory. See "A Directary of Standwds Labaratories" by Natimal Conference of Standards 
Labtnatwies. NBS. Boulder, CO 80303 
' 10- to 20-minute averaging time when averaging 13 reguued 

. TOt8/S&nakihOn Return to mufmurtwf 
Pm@tatiOn *Of'' f 1096 of reading 

c o n t r a  speed motor). 

+**-t# on tneasumment tachnique; - swm methods m y  be beaw. 

to be the known field. Care must be 
takon when this method is used for 
calibration or audit purposes because 
the characteristics of the atmosphere 
are not controlled and unknown spatial 
a d  temporal variations may exist. 

The audit data indicate the state of 
instrume nt crlibrat ion because most 
audit procedures verify the total system 
excspt for the air/sensor interface. lt is 
powibk for a system to receive a good 
audit report and still make poor.mea- 
surements of meteorological conditions 
because of problems at the airlsensor 
interface or due to poor siting. However, 
this is not likely if good sensors are used 
and proper siting precautions are taken. 
To further minimize the chances of 
inaccurate measurements going un- 
noticed, performance audits should 
always be accompanied by inspections 
for potential problems that might cause 
the measured values to be unrepre- 
sentative of ambient conditions. 

The calibration errors indicated by a 
performance audit should fall within the 
limits specified in the QA Plan. Table 
2.1.2 lists suggested tolerance levels for 
each of the measurement techniques. 
Exact limits should be determined by 
monitoring program requirements. Any 
audit results falling outside these limits 
indicate a problem that should be 
rectified by normal maintenance proce- 
dures and followed by reauditing of the 
system. The audits are only checks and 
should not be used to determine 
calibration equation coefficients for the 
instrument or for other types of data 
co~ection or adjustment. 

For meteorological measurement 
symms that are audited by the collocated 
instrument technique, two sets of data 
w i l l  result. These are the normal 
measured values and the data recorded 
from the audit system. If the monitoring 
system is properly calibrated and 
maintained, then the auditing system is 
suscemible to the same levels of errors 

as the monitoring system. To make a 
qmnt i t a td  assessment of the audit 
data. two t.drniquos are available; i.e.. 
manual inspetxion and statisticalavalu- 
ation: 
Manual examination of audit yo. sample 
data for diffarencer within acceptance 
limits.' Either insmntaneous values or 
average values over the period of audit 
may be compared. Also, if a collocated 
test were run m r  a period sufficiently 
bng that widely varying levels of the 
measured variable were encountered. 
then results of a regression between the 
audit and sample values will yield 
difference and bias information. 
Statistical evaluation of audit results 
either from audits performed on multiple 
stations or multiple audits on a single 
station. Simple tests are described in 
the QA H a n d b o d .  Vol. I. Section G, 
which detect bias in system measure- 
ments through audit data taken over a 
network. These tests indude the sign 
test and the paired t test. More complex 
tests are available. 

2.1.3 Quality Assurance Program 
Reparts 

Periodically, the quality assurance 
coordinator should prepare a report for 
management describing the status of 
the quality assurance effort. This report 
should provide quantitative information 
on thequalityofdata,activitiesperfamsd 
to improve data quality, and the cost of 
the QA efforts. Specifically, the report 
should cover: 

results of performance audits 
results of systems audits 
percentage of data reported 

@cOsto fQAef fm 
0 problems that degrade data quality 

and corrective action taken 

No general format exists that wll 
sew@ for all quality reports. The exact 
contents will depend on the level of OA 
activity for the orgamzation and the 
extent of the monitoring network. It is 
important that the document be clear 
and CoCIcise. Voluminous. highly detailed 
information should be summarized or, i f  
n-ry, placed in a separate appendix. 
Reports  that are complex and diff icult to 
comprehend will not effectively com- 
municate their message. 

2.2 Quality Assurance 
Considerations Common to 
All Variables 

Two areas common to all systems 
mu8t be considered. One is procedural 
including procurement specifications, 
acceptance testing, recordkeeping and 
reponing. The other is related to the 
hardware of the system including power 
suppbes, recording systems. multi- 
plexers, operating power source. and 
some cables 

The amount of the contributions to 
the error of the common hardware pans 
of a measurement system depend on 
the tvpe of system If the system is a 
dlgnal logging system where voltages 
are provded by the stgnal conditioners 
of g.ch sensor to a common muttiplexer, 
analog to dlgltal (A to D) converter and 
dg-1 recorder, the contribution of the 
system to. the error budget of the 
me8surement is usually small A good 
quality A to 0 convener will be accurate 
to 0.1 percent of ful l  scale Once 
converted, the digital handling should 
be error free except for the last digit 
uncertainty If the resolution of the 
dgml data is also 0 1 percent of full 
scale or the least signhcant digit IS 

praperly rounded from such a resolution, 
the contributmn to the measurement 
error is less than 0.2 percent Rounding 
in Wlta l  systems can cause an un- 
acceptable bias when it IS not done 
correctly This IS easily checked by 
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W ing  at a frequency distribution of 
real data at the resolution of the 
recorded data. When auditing a system 
with a collocated transfer standard 
where synchronous measurement 
differences are examined, it is important 
to restrict the differences to those 
caused by the measurement system. To 
find any detectable bias from rounding, 
filtering or averaging which might be 
unexpected, examine the shape of the 
frequency distribution (not cumulative) 
for reasonableness. Other tests designed 
to challenge these functions of a digital 
data system may also be used. It is most 
important for the auditor of a digital 
system to be satisfied that the system 
works without bias by whatever method 
might be appropriate. 

When the common part of the system 
is something like a multipoint recorder 
or a series of single-channel chart 
recorders, the error from the recording 
system may be as large or larger than 
the error from the rest of the measure- 
ment system for the variable. This error 
is tolerable if it isa backup recording. If it 
is the primary data source, recording 
error may be a serious problem; particu- 
larly if the application requires a high 
degree of accuracy. 

The quality control effort common to 
all variebles must be documented from 
observations taken directly from the 
charts and logs maintained by the 
station operators and their supervisors. 
The following reports should be kept for 
the purpose of efficient station operation, 
and they can be a useful source for any 
good QA plan. 

0 Calibration Log. The calibration log 
contains detailed calibration informa- 
tion including date and time, name of 
person calibrating, calibration tech- 
nique used, problems noted, sensor 
adjustments made, and calibration 
values and sensor responses (before 
and after adjustments). 

0 Operational fog. The operational log 
contains records of activities per- 
formed on the meteorological mea- 
suring system including preventive 
maintenance, repairs, inspections, 
and special test data not recorded 
elsewhere. Some test parameters 
should be maintained in the opera- 
tional log on a regular basis to provide 
baseline information on proper 
operating conditions of the instru- 
mentation. This information can be 
invaluable in troubleshooting once 
problems are noted by providing 
nominal operating values and the 
amount of expectedvariation in those 
values. Examples of data that should 
be recorded are readings associated 
w i th  any test positions on the 

instrument, bridge excitation voltage 
(if accessible), and line voltage. 
Not all quality assurance recording 

functions performed by the station 
operator are strictly for the purpose of 
furnishing information to management. 
Some of the recordkeeping functions 
enable the station operator to spot 
indications of potential problems before 
data are lost; e.g., the routine recording 
of operational values described above. 
Some data are subject to day-to-day 
variations and it is diff icult to evaluate if 
individual values are within acceptable 
limits. Data of this nature are best 
recorded and plotted using control 
charts. Typical control charts include 
response to zerolspan checks and 
digital versus strip chart readings. 

2.2.1 Instrument Procurement 
The function of QA in the procurement 

process is to verify the presence in 
purchase orders or contracts of per- 
formance specifications in unambiguous 
terms along with some indications of 
how verification tests will be conducted. 
The importance of this function is 
directly proponional to the importance 
of the instrument having the specified 
characteristics. 

In choosing any meteorological in- 
grument or array of instruments, the 
potential user should carefully evaluate 
his needs for data. Data requirements 
should be identified and a list made of 
suitable instrument configurations that 
meet these requirements. For most air 
pollution monitoring applications, 
meteorological instrument systems will 
be commercial. off-the-shelf items. The 
suitability of each instrument toperform 
in the anticipated field environment is 
evaluated by examining such charac- 
teristics as stability, linearity, response 
time, and durability. 

Budget considerations may appear to 
eliminate certain candidates but should 
be carefully examined. Purchasing a 
meteorological instrument is more than 
a simple capital equipment outlay. A 
scientific instrument requires a certain 
amount of attention. Man-hours invested 
in data reduction, preventive mainte- 
nance, calibration and repair, and the 
value of lost data are real budget 
consideiations. Maintenance records of 
candidate instruments should bechecked 
because the time a component spends 
in the manufacturer's service depart- 
ment represents wasted resources and 
lost data. Generally it is best to purchase 
components from one manufacturer. 
Although it is possible toobtain sensors, 
bridge circuitry, housings and mounting 
apparatus from different sources, 
purchasing in this way splits responsi- 
bility, invites problems of component 
mismatching, and frequently results in 

delays. As a rule of thumb, a delivery 
schedule of approximately 3 months is 
reasonable for most meteorological 
instrumentation; 4 months is average. 

2.2.2 Acceptance Testing . 
Never assume that the manufacturer 

has sent a complete, working instrument. 
Since warranties may expire in as short 
a period as 90 days, the instrument 
should be examined upon receipt, 
particularly if i t  is not slated for 
immediate deployment. Any damage to 
the shipping carton should be docu- 
mented with the shipper. The instrument 
should then be unpacked and assembled 
according to the manufacturer's written 
instructions. Each component should be 
inspected for physical damage. Open 
access plates and inspect for loose 
connections and other visible effects. 
Al l  cables should be checked for 
continuity. Bench test the instrument 
under controlled conditions. Using the 
operations and maintenance manuals, 
check as many performance specifica- 
tions as possible. Document al l  accep- 
tance testing and bring problems to the 
attention of the supplier or manufacturer 
immediately. 

When an important performance 
'characteristic is specified, it is prudent 
to verify that performance with an 
acceptance test. If it is a design feature 
(like overshoot or damping ratio on a 
wind vane), it can usually be verified by 
a test on a randomly selected sample of 
the units purchased. The cost of this 
type of documentation should be con- 
sidered as a part of the cost of specifica- 
tion. If verification acceptance testing is 
not planned or budgeted, it should be 
understood that the specification be- 
comes an expression of desire or 
expectation and it should be used to 
describe the data collected only with a 
footnote toqualify it as a manufacturer's 
claim or by reference to tests by others 
on the same kind of instrument. 

2.2.3 Calibrations 
The calibration of the part of the 

system common to all variables is  
usually a simple task and should be 
done initially in conjunction with the 
acceptance inspection and testing. It 
may require simply challenging the 
recording system with a voltage or 
current within the operating range and 
verifying that the output is within the 
accuracy specification. If the recording 
subsystem does not have a specific 
specification, these test results will 
define it. Of course, it must be smaller 
than the total measurement accuracy 
specification. 

After this initial test, it IS often 
unnecessary to repeat the test or 
calibration except in  cases where 
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ropein or replacements are involved. 
That pan of the system common to all 
variwes is usually included in the total 
system calibration or audit done for 
eech variableandneed notbeconsidered 
as an i- subsystem. 

2.2.4 Audits 
The a d i t  is an integral part of the 

quality assurance program for any field 
measurement exercise. To minimize 
bias, audits are usually performed bv an 
independent investigator not adminis- 
trativdyconcrsd with the organization 
conducting the measurement program. 
The audit is similar in some respectstoa 
field calibration check in that a major 
objective is todetermine if the measure- 
ment system has retained its calibration. 
During an adit .  however. no changes 
are ever made to the instrument or to 
the calibration coefficients. 

The system audit is common to all 
variabies and is described in Section 
2.1.2. h invokes an examination of all 
site logs and a review of instrument 
siting and installation, daily operating 
procedures, preventive maintenance 
(PM) activities. and calibration methods. 
A systems audit should be schedul?d 
near the beginning of a measurement 
program. 

The performance audit is specific to 
each variable and is discussed with 
each variable in the following paragraphs' 
of this section. 

2.2.5 Operational Checks and 
Preventive Maintenance 

To ensure the highest possible data 
quality, the user should establish a 
preventive maintenance routine and 
perform operational checks daily or as 
often as the site is visited. Except under 
extremely unusual circumstances, no . piece of meteorological equipment 
should go unattended for more than 30 

days. Some instruments, such as 
pyranomoters. requim daily anention to 
assure data quality. Operational checks 
include timing checksand adjummms. 
sowicing the recordor needs. logging 
activities and ObSsMlions, and cursory 
inspection of data for anomalous 
bhavior. Preventive maintenance (PM) 
involves specified routine activities 
such as clenning, tightening,. lubricating, 
and scheduled replacing of minor parts. 
The user should maintain a log of all PM 
and operations ch.du. 

2.2.6 Preparation far FieM 
Installation 

Certain routine -ration is required 
before a metsordogical sensor system 
is deployed. If the instrument is not 
newly purchased and has not recently 
baen operating, it should be checked 
following the basic procedure usad for 
acceptance testing (paragraph 22.2). 
The checkout is followed by bench 
calibration. after which it is desirable to 
set up the instrument in field configura- 
tion near the main labontory for a 
shakedown penod. tf srveral instruments 
are involved. si&-by-side comparisons 
can be made, strengthening the quality 
assurance program. The shakedown 
period. may vary in length but should at 
least verify that, the instrument is in 
good working order. Following shake- 
down. the system is dismantled and 
carefully packed for shipment to the 
field. A physical damage inspection 
should be made at the destination. 

2.3 Wind Measurements 
2.3.1 System Description 

Wind measurements are of primary 
importance in studies of the diffusion 
and transport of atmosphericpollutants. 
These measurements include wind 
speed, wind direction, and turbulence or 
gustiness. 

Thoro are many wind-measuring 
systrrrs commercially available. Some 
are ru~lyconstructed. designedfor a 
wide range ol applicatioru, and require 
minimum attention. The more delicate 
instruments, such as those used for 
measuring small-scale turbulence, can 
onlv be used during selected periods of 
favorable weather. 

Almost any anemometer or wind vane 
will provide some information on wind 
char8cteristics. Howevctr, the quality of 
wind data depends directly upon how 
well the sensor is maintained and how 
wll the measuring equipment functions 
as a system. Not only must the dynamic 
characteristics of the sensor match 
program data requirements, but the 
sensor must also interface without 
degradation of important performance 
characteristics with the total data 
acquisition system, which may include 
the transducer, signal conditioner, 
tekn#try. data processor, and readout 
device. 

Ammometers - A number of wind 
j p e d  sensors operating on a variety of 
physical principles are available com- 
mercially. However, the rotational cup 
and propeller anemometers are the 
most commonly employed wind speed 
sensors. The more esoteric designs are 
generally used 'in very specialized 
studi i .  

Wind Vanes - Wind-direction-mea- 
suring sensors are operated by wind 
exerting pressure on a surface that 
rotates about a fulcrum. The standard 
vane measures only the horizontal wind 
direction, but the bidirectional vane is 
free to move through 360 degrees 
horiromally as well as f50 degrees (x 

more from the horizontal. The shape 
and dbsign of the vane surface may vary 
with the manufacturer (Figure 2.3.1 ). 

Combination Wind Sensors - Two 
types of sensors incorporate both 

Figun 2.3.1. Typical wind vanes by Climet Instruments, Inc.. (left) and I?. M. Young Cmpany(rightJ. 
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Figure 2.3.2. Propeller wind vanes by Bendix Frier Instrument Division (upper left), by R. M. Young Company 
(upper right) and by Meteorology Research. Inc. (lower). 
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direction and sped  measuring cap.bil- 
ity in a singh mechanical device. The 
propller vane sensor measures two- 
dimensional flow (Figure 2.3.2). and the 
propeller bivsne sensor measures 
three-dimedona1 flow. 

Wind component anemometers can 
be used to determine the wind speed 
and direction(s), using simple trigono- 
metry. fhese instruments include the 
x.y.2 prop (often called u, v,w), the sonic, 
the vortex shedding, and the ion flow 
anemometers (see Table 2.3.1 1. 

Transducws - Transducers c o ~ r t  
the weather element measured by a 
sensor into an electrical or recordable 
signal. This discussion will be limited to 
transducers used in rotation-type wind 
speed s4c\sors and vane-type direction 
sensors. 

The rotary motion of cups'and 
propellers is most often converted to a 
voltage or a frequency. Bath alternating- 
current g e m t o r s  and direct-cunent 
generatws are used, but the latter are 
used more octsrr. Frequency-type devices. 
sometimas called light choppers, have 
advantages in that they are almost 
frictionless, operate at lower wind 
speeds, and produce signals that can be 
transmitted without loss over long 
distances. Typically, this type of trans- 
ducer is made to interrupt the lght of an 
LED (light-emitting diode) at a rate of 1 
to 132 times for each rotation of the 
sensor. Units that interrupt the light 
once per revolution of the anemometer 
shaft are usually used to measure wind 
run thus producing longer time averages. 
A single sealed-in-glass switch, used in 
combination with a magnet on the shaft 
of the anemometer, IS also a frequency- 
type transducer for wind speed or wind 
run. Another frequency-type device 
now used in anemometers is the Hall- 
effect generator which uses the ekc- 

trical polarization of a conducting plrte 
moving through a magnetic field. 
Mechanical anemometers with wipsr- 
type contacts, still in use for climato- 
logical studies. are attractive because of 
their simplicity but are of limited use in 
pollution studies. 

Wind direction transducers are of 
several basic types: wiper or sealed 
contact switches, single or double 
potentiometers, and DC or AC syn- 
chronous motors. Some of the most 
sophisticated transducers operate on 
the principle of capacitance w i th  
outputs in frequency form. Wire-wound 
and carbon-deposited potentiometers 
are used most frequently. 

Signal Condtiiotnus - In the most 
elementary electronic systems, the 
signal from the variable being measured 
is transmitted from transducer to signal 
conditioner to readout device. with 
power applied at some or all of these 
steps. The signal conditioner converts 
the transducer output into an electrical 
quantity suitable for the proper operation 
of the readout equipment. The signal 
conditioner may vary from a simple 
resistance network or impedance- 
matching device to an amplifier, an 
aMlog-tO-digital converter, or, as in the 
case of the photoelectric speed trans- 
ducer, a frequency-to-voltage converter. 
Devices that convert from 360 degrees 
to !3lo degrees of wind direction and 
devices that provide "average" wind or 
wind with "time-weighted" average, 
are signal conditioners. Scalers that 
compress, expand, or change the 
transducer signal from electrical to 
engineering-equivalent units are also 
signal conditioners. 

Readout Devices - Readout devices 
are classified as mechanical or electrical. 
Few of the mechanical, drum or disc 
drive recorders are now used for 

recording wind. Electrical recorders are 
(1 ) gaivanometric, direct-writing, strip- 
chart type; (2) null-balance, servo- 
operated. (may be potentiometric). DC 
hidoe. or force-balance servo type; (3) 
event or operations; (4) digital; and (5) 
other special types. 

Direct writing (D'Arsonnal movement) 
galvanometric recorders with strip 
charts are used most frequently for 
wind measurements. They are used 
beause of their reliability and their 
speed of response. The chart drive 
mechanisms are available as hand 
wound. spring driven, battery powered. 
or AC powbred. h is important to select a 
recorder in which the damping charac- 
teristics of the galvanometer do not 
degrade the response of the sensor and 
are in compliance with the frequency 
response required in the study. 

Most galvanometric recorders used 
for wind measurements are continuous 
curve-tracing recorders. The chopper- 
bnr type. designed to make an imprint on 
pressure-sensitive paper each time the 
meter pointer is clamped against a 
sharp-edged platen. produces a record 
that is noncontinuous. Imprints are 
usually made every 2 seconds. so in 
rapidly varying winds the record appears 
very scattered. Some manufacturers of 
meteorological instruments supply a 
recorder with a built-in stgnal conditioner, 
that reduces the scatter through the use 
of either unspecified or selective time 
constants on the response of the 
galvanometer. This conditioner must be 
viewed critically if calculation of the 
standard deviation of the measurement 
is an objective in analyzing the record. 

Potentiometric recorders, used fre- 
quently for wind measurement, may not 
have the rapid response characteristics 
of galvanometric recorders. As a null- 
balance dewce, the input impedance IS 

0 0  

Tabk  2.3.1. 

Physical 
principle Anemometer type 

Types of Anemometers and Their Operating Principles 

Measurement 
Rotation Vane-oriented propeller Horizontal speed 

Bivane- oriented propeller Total speed 
Fixed propellers Three-dimensional componenrs 

cups Morizontal speed 
on perpendicular axes 

Pressure 

Cooling 

Sound 

Plate 
Tube 
Bridled cups 
Hot wire 
Hot thermopile 
Hot film 

Sonic 

Horizontal speed 
Horizontal speed 
Horizontal speed 

Directional flow components 
Directional flow components 
Directional flow cbmponents 
Directional flow components 

Vortex shedding Vane-oriented shape Horizontal speed 
ion flow Transoort Horizontal meed 
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very high when the stylus is at equili- 
brium, therefore errors due to electrical 
loading of the sensor output and errors 
due to voltage drops in long signal leads 
are minimized. 

Multipoint potentiometric recorders, 
which sequence through a series of 
inputs or scheduled cycles, have no 
value in recording wind. Instantaneous 
samples of wind direction or wind speed 
once every few minutes are useless in 
most air pollution investigations. Curve- 
tracing potentiometric recorders are 
useful, and are available with charts 
that require ink or with inkless charts 
that operate with a heated stylus. 

Digital systems are becoming more 
popular for logging and displaying wind 
data. They come in a wide range of 
desians and are usually elaborate 
systems that include analog 
conversion, integration over 

to digital 
specified 

intervals, and memory or 'storage 
capability. The output format of these 
systems should be compatible with the 
computer used for data processing. 

2.3.1.1 Wind Sensor Characteristics- 
Cup anemometers, propeller anemom- 
eters, and wind vanes continue to be the 
best sensors for measuring.wind speed 
and determining wind direction over a 
broad range of applications. Other types 
of sensors have unique characteristics 
for special projects or research. This 
discussion is limited to the character- 
istics of devices used most frequently in 
operational programs. 

Cup anemometers are complex shapes 
where the net torque (lift greater than 
drag) causes a rate of rotation roughly 
proportional t o  wind speed. They 
respond to any horizontal wind direction 

P 

which is an advantage but they are also 
responsive to the vertical component of 
the wind. In turbulent flow, the output 
(average speed) may be closer to the 
total speed than to the presumed hori- 
zontal component (MacCready. 1966). 

The design of the anemometer cup 
assembly and the material from which it 
is constructed are important in deter- 
mining durability, linearity, starting 
threshold, and dynamic response of the 
instrument. Three conical cups give 
better performance than hemispherical 
cups (Figure 2.3.3) and are preferred 
Over the older four-cup design. The ratio 
between cup diameter acd cup wheel 
diameter influences the calibration 
curve (Gill, 1973). Starting threshold is 
defined as the lowest wind speed at 
which the rotating cups meet the 
accuracy specification (Lockhart, 1970). 

Figuro 2.3.3. Typrcal three-cup anemometers featuring conical cups. Manufacturers are Belfort Instrument Company 
(upper left). Climet Instruments, Inc. tupper right) and C. W. Thornthwaite Associates flo werl 
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In order to cbfine the smallest eddy 
si= to which cups will be responsive, a 
dynamic characteristic known as the 
distance constant must be known. This 
is determined in a wind tynnel by 
measuring the time forthecups toreach 
63 percent of the tunnel speed after 
being released from a nonrotating 
condition. The distance constant in 
meters may be expressed as a time 
constant in seconds at a given wind 
s p d  by dividing by that wind speed in 
meters per second. 

Propeller anemometers. especially 
helicoid types, are primary semors with 
rotation rates linearly proportional to 
the wind speed over a wide speed range 
(Gill, 1973). Propeller anemometers 
must be oriented into the wind. The 
error from the failure of the vane to 
perfectly orient the propeller is small 
since propellers have a nearly cosine 
response; ;.e., the propeller turns at a 
rate almost directly proportional to the 
wind component parallel to its axis. Like 
the cup anemometer, the propeller 
anemometer is a first-order, nonoscilla- 
tory system ,whose dynamic charac- 
teristics can be described by the 
distance constant referenced above. 

Fixed axis propeller anemometers are 
designed to measure two or three 
components of wind simultaneously at 
a point in space. They represent a 
special type of propeller anemometer 
for the direct measurement of turbulence 
(Gill, 19751. Three helicoid anemometers 
in an orthogonal array measure the 
wind for the axes U-V-W. Each propeller 
turns at a rate almost proportional to the 

'wind component parallel to its axis. 
Cosine response, although not yet 
perfected, is critical in this equipment: 
but this device does not have the static 
balance limitations of the bivane (a two 
axis wind vane). which is also used for 
turbulence measurements. Under condi- 
tions of rain, snow, and heavy dew, the 
bivane imbalance may produce un- 
acceptable errors. 

Wind 'vanes have a damped and 
oscillatory motion. This characteristic 
second-order response is the result of 
such factors as weight of materials, 
shape and size of vane, and location and 
weight of counter-balance. One indica- 
tion of the performance of a vane is the 
starting threshold. As described by 
Finkektein (1981). this is the lowest 
speed at which a vane released from a 
position lodegrees off the centerline in 
a wind tunnel moves to within 5 degrees 
of center. 

There are several dynamic character- 
istics. identifiable as constants. that can 
be used to define the performance of a 
wind vane (MacCready, 1965, and 
Wieringa. 1967) in response to a step 

0 0 0 1  4 5 2  

function. Them include damping ratio, 
damped wavelength, undamped wave- 
length, and delay distance. Undamped 
wavelength is usd in determining the 
dynamic response of a wind vane to 
sinusoidal wind direction fluctuations. 

Damping ratio is a constant that is 
dimensionless and indewdent of wind 
speed. It is calculated from the relative 
amount of overshoot on each of two 
successive half cycles of a decaying 
oscillation. If the ratio of two successive 
swings is designated as n, then the 
damping ratio is calculated from the 
equation: 

1 
In - n 

5 = ,  

For most operational programs, a 
damping ratio of 0.4 or greater is 
recognioed as satisfactory. 

The damped wavelength is easily 
determined by multiptying the time for 
one complete oscillation by the wind 
speed in a tunnel. 
I Delay distance is .another observed 
measure of the response of a vane to a 
step change. The time required for a 
vane to reach 50 percent of the distance 
from an initial displacement of 10 
degrees toward the centerline on the 
first swing is the delay time. This IS 
multiplied by the tunnel speed to obtain 
the delay distance. 

2.3. I .2 Wind Data Requirements-Any 
data requirement should be expressed 
in the context of all applications for 
which the data may be used. Wind data 
are used in environmental monitoring 
for source location, transport and 
dilution modeling and as a diffusivity 
indicator The principal specifications 
are dynamic range (most important is 
the threshold) and dynamic performance 
(distance constant for speed anddamping 
ratio and delay distance for direction) It 
is also important tospecifythe averaging 
time and method in order to judge the 
adequacy of the measuring and recording 
system. For most atmosphericdispersion 
studies. a starting speed of 0.5 m/s or 
less is appropriate for both vanes and 
anemometers. Wind vanes should have 
a damping ratio of 0 4 or greater and a 
'delay distance of 5 m or-less. Anemom- 
eters should have a distance constant of 
5 m or less For climatological studies. 
less sensitive instruments may be used 

Averaging for wind speed may be 
done by scalar methods (dilution) or 
vector methods (transpon) and should 
represent one hour Wind direction 
should be averaged by obtaining the 

10 

rmuhant vector direction for the hour. 
Sigma theta (standard deviation of th 
wind direction) should represent 3 - l m  4 
minutes if stability categories are to be 
selectad b& should represent the hour 
when the preferable direct calculations 
avo made for diffusion (Strimaitis. 
: 31). 

2.3.2 Procurement 
In purchasing a wind measuring 

system, follow the general guidelines 
advenced in Section 2.2.1, "Instrument 
Procurement." It might be possible in 
research projects to spend more for 
instruments with the best specifications, 
or instruments of most recent design; 
but in operational programs, only the 
fidd-tested and time-proven instruments 
wkh known performance records should 
be purchased. 

Caution should be used in purchasing 
components as opposed to systems. 
especially if the procurement of wind 
equipment is part of an installation' 
involving other instruments. It is 
important to match the dynamic charac- 
teristics of the wind sensors. and to 
match the electrical characteristics of 
the transducers with the readout 
W i e .  The omission of such a minor 
consideration as mount; ng hardware 
mld delay completion of an installation. 
In digital systems, special attentio 
should be given to sampling an 
averaging times as well as to instan- 
taneous as opposed to integrated 
Values. 
2.3.3 Acceptance Testing 

Follow the general guidelines set 
forth in Section 2.2.2. "Acceptance 
Testing," Be certain that the supplier 
has provided all calibration certification 
data, including curves and specificattons. 
Be particularly sure that there is  
provided a table or formula relating rate 
of rotation of the anemometer shaft (or 
frequency for light-chopper sensors i f  
the number of pulses per revolution is 
also given) to w n d  speed (or output 
voltage given a voltage to speed range 
rdationship). Thn will usually relate to a 
nominal propeller or cup The specific 
propeller or cup assembly should have a 
permanent identification code (serial 
number). In those cases when wind 
tunnel calibration data are provided. 
this identification is required. 

The acceptance test for the direction 
vane should include a measure of how 
well the sensor represents the relative 
position of the vane to the sensor 
housing. Four points 90 degrees apart 
can be easily bench tested bv drawi 
perpendicular lines crossing at the va 
rotation axis and holding the vane shaft 
parallel to the lines. Also check to see 
that the manufacturer's method 3f 

coping with the discontinuitv between 

et 
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to fail as they inevitably will do, the 
starting threshold will increase. The low 
wind speed data are most important for 
air quality applications because the 
initial dilution is small and the concen- 
tration therefore is high. The deteriora- 
tion of bearing performance is also hard 
to see in the data until the problem 
becomes quite serious. For example the 
data cannot discriminate (by usual 
inspection) between a .  system with an 
acceptable threshold of 0.5 m/s and 
one that has deteriorated to 0.7 m/s. 

There is a method by which the 
bearing condition can be measured 
(Lockhart. 1978). The use of an instru- 
ment called a torque watch is not new 
but it is not widely applied as yet. It is a 
measurement which requires consider- 
able care and experience. For wind 
speed the cups or propeller must be 
removed to avoid wind influencing the 
measurement. The torque watch adapter 
is attached to the shaft and the torqoe 
watch is inserted into the adapter and 
rotated until the shaft begins to turn. 
The maximum torque from repeated 
tests is the starring torque. If manufac- 
turers do not have a torque specification 
for their sensor, they should be asked to 
provide one. 

360 degrees and 0 0 1  degrees performs 
as specified. '8 2.3.4' Calibration 

Refer to the general notes in Section 
2.2.3. "Calibrations." 

Bench Calibrations - Specific dynamic 
response characteristics such as thresh- 
old speeds, damping ratios, delay dis- 
tances and distance constants can only 
be checked in a wind tunnel. Instru- 
ments should be returned to the manu- 
facturer or a properly equipped wind 
tunnel facility for major calibration. 

The system manual will generally 
have calibration methods specified. For 
wind speed the usual signal conditioner 
will require a DC voltage input which 
represents some output value in volts 
and wind speed units or it will require a 
frequency to represent some output 
value in volts and wind speed. Full scale 
is often used. Sometimes the sensor is 
used in calibration by turning the shaft 
at a known rate of rotation. Sometimes 
the system will have some level of built- 
in "calibration" which tests some parts 
of the system. Use the manufacturer's 
method for bench calibration. Other 
methods may also be used but they 
should supplement the manufacturer's 

instruction rather than replacing it. at 
least initially. 

For wind direction sensors w i th  
potentiometers the manufacturer may 
specify substitution of known resistance 
for various angles relative to the sensor 
housing. Positioning of the connected 
sensor vane or built-in substitution 
resistance may also be specified. Use 
the method described by the manufac- 
turer augmented by whatever additional 
tests will add useful information. These 
might include a measurement of the 
angular size of the "open space" where 
the potentiometer winding is left out to 
avoid shorting by the wiper, a measure- 
ment of hysteresis by approaching 
known positions from both clockwise 
and counterclockwise rotation, and 
testing any discontinuity avoiding 
operation (540 degree range types). Any 
adjustments, mechanical or electrical, 
must be in accordance with the manu- 
facturer's instruction (either from the 
instrument manual or direct commu- 
nication) to avoid damage or voiding the 
warranty . 

The common point of sensor deterio- 
ration is in the bearings of the bearing 
shaft assemblies of both the speed and 
direction sensors. When bearings start 

Orientation 
by 

Local Apparent Noon 
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Station Name 
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Ref 

Standard Meridian 0 
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For wind direction the procedure is 
the same but because the sensor 
usually has a potentiometer attached to 

required to turn both the shaft and the 
potentiometer is higher than for wind 
speed. This usually requires a second 
torque watch with a higher operating 
range. For sensors where the vane 
cannot be easily or completely removed. 
the test must be done in a still room or 
enclosure with the sensor shaft vertical 
or perfectly balanced. 

It should be noted that an experienced 
instrument technician can detect the 
condition of a bearing assembly by 
"feel" with perhaps as much sensitivity 
as the torque watch. This talent should 
be used as a routine method for 
checking bearing condition for those 
programs which do not require docu- 
menmion of data quality and do not 
have the torque watch capability. 
Others should develop the capability. 

In general field calibrations should be - 
as much like the bench calibrations as 
the field conditions and available 
equipment wi l l  allow. In addition, 
however. the field calibration must 
indude those additional tests which 
relate to the system being installed. Two 
examples of the additional tests are the 
orientation of the direction varte or fixed 
propeller assembly with respect to 

sensors in the vertical operating position. 
Field calibrations should be done at 
least every six months. 

the shaft, the range of the torque m 

TRUE NORTH and the alignment of th a@. 
2.3.5 Installation 

Follow the general guidelines set 
forth in Section 2.2.6, "Preparation ior 
Field Installation." and in Section 3, 
"Methods for Judging Suitability of 
Sensor Siting." 

Wind vanes require orientation to 
true north. Some manufacturers elec- 
trically orient the transducer rn the 
housing and identify the northfacrng 
side of the housing with an engraved 
mark. or they prowde a flat surface for 
sighting toward north Other manufac- 
turers supply. as an option. a mounting 
jig for keeping the vane in proper 
alignment for orientation 

The most accepted procedure for 
determining true nonh involves shooting 
the North Star wi th a first-order 
theodolite. Any textbook or handbook on 
land surveying will describe the tech- 
nique and will contain all the necessary 
tables. Best results may come from 
hiring a registered land surveyor to 
establish true north 

Another acceptable method of estab- 
lishing true north is by the location of 
the sun at true solar noon (see Figure 
2.3 4) 



Ton = (1 2:OO:OO) + 
[B(Long-l5n) -A] 

true solar noon 
A = "Equation ofTime"from 

"Ephemeris of Sun"' 
tables (List, 1971 ) 

B 4 minutes per degree of 
longitude 

Long = local longitude 
n = number of time zones 

from Greenwich 
n = 5 Eastern 
n = 6 Central 
n 7 Mountain 
n = 8 Pacific 
n =9Yukon 
n = 16 AlaskaIHawaii 
n = 11 Bering 

where Tan = local standard time of 

Alignment in the vertical is equally 
important. Studies have indicated that 
vertical misalignment of 1 degree may 
yield data errors of 10 percent or greater 
in measurement of turbulent parameters 
(Pond, 1968; Deacon, 1968; and Kraus, 
1968). Vertical alignment should be 
established with a good carpenter's 
level or torpedo letel at two points 90° 
apart in the horizontal. . 

2.3.6 Operation of a Wind 
Measuring System 
An operational check and calibration of 
the wind system is recommended after 
the installation has been completed and 
at intervals of a$ least every six months 
after operations begin. 

The use of tic-marks on chart rolls is 
very effective to indicate time of visit or 
some operation. These are often made 
with event pens purchased with the 
recorders. Whether manually or auto- 
matically actuated, the event pens can 
be energized to produce distinguishing 
marks corresponding to different times. 
If the sensor is readily accessible, 
another simple means of establishing a 
tic-mark is to rotate the vane 360 
degrees and note the time on the strip 
chart. Where strip chart recorders are 
used, time checks every 24 hours are 
desirable. 

Of course, documentation relating to 
date, time. etc., should be entered on 
each strip chart when it is installed and 
removed. The amount of data to be 
reduced or retrieved from properly 
annotated and logged strip charts will 
depend on program objectives in con- 
junction with the amount of the strip 
chart data needed. A l l  operational 
activities should be logged including 
those written on strip charts. It is not 
possible to log too much information as 
long as it is consistent. T.he problem is 
always w i t h  too l i t t le  information, 
particularly time and date 

2.3.7 Preventive Maintenance (PM) 
Follow the general guidelines in 

Section 2.2.5, "Operational Checks 
and Preventive Maintenance." Physical 
checks of the equipment should be 
made as often as possible, and at least 
monthly. These checks include an 
examination of the sensors and the 
readout equipment. At locations where 
pollution is heavy, it may be necessary 
to routinely change the bearings in both 
the anemometer and vane housing. 
Oilless bearings should never be oiled. 
Bearings.can be checked with a torque 
watch (see Section 2.3.4). 

Recording equipment with pens and 
ink should be cleaned on a regular 
monthly schedule. If the recorder is 
equipped with disposable felt tip pens, 
careful monitoring is recommended. 
The fluctuations of thewind. as recorded 
by the pen, result in an average pen life 
of 2 or 3 days, so there may be a loss of 
data. 

Light freezing rain with little wind is 
the most detrimentad condition for cups 
and especially for propellers. It has been 
found that a light spray coating of Pam,? 
(a household substitute for greaselor an 
equivalent non-sticking spray, helps to 
retard the formation of ice.especially on 
propeller anemometers. For extremely 
low temperature conditions, the use of 
external heat lamps or heater strips is 
helpful. Internal heaters, now available 
with some wind sensors, keep bearings 
free but have low wattage and are of 
limited use in severe conditions. Spare 
parts for anemometers and vanes 
should include replacement cup assern- 
blies or propellers, vanes, and bearings. 
A log should be kept of all PM activities. 

2.3.0 Audit Procedures 
Refer to Section 2.2.4, "Audits," for 

general guidelines. A complete systems 
audit is necessary near the beginning of 
any wind measuring program. Particular 
attention should be oaid to sensor 

counting revolutions in an accurately 
known time gate. 

An alternative method is to challenge 
the anemometer shaft with at least two 
known average. rates of rotation. The 
rates should represent common low 
wind speeds; somewhere in the ranges 
1-2 m/s and 5-7 m/s for example. One 
should audit the low end of the speed 
range because that is where the data 
are most important for air quality 
applications and where error estimates 
are most valuable. It isalsoeasy to know 
the accurate average rate of rotation by 
counting revolutions (by switch or 
manually) over a period of time signifi- 
cant to the data period (2 to 15 minutes 
typically) where the number of rotations 
is large enough that the uncertainty 
Over the time period is less than one 
percent. The elapsed time measurement 
will always be accurate enough so that 
the average rate of rotation will be 
within one percent of the reading. Since 
an average is used, the motor driving 
the shaft does not need to be syn- 
chronous and a DC motor driven by a 
battery wi l l  give freedom from the 
commercial power requirement. It is 
important to have nearly or exactly the 
same time interval used by both the 
motor drive and the output reading. The 
only part of the system challenged by 
this method is the measurement and 
recording of the rateof rotation expressed 
as wind speed. There is no test of the 
rate of rotation of the sensor as a 
function of wind speed; that relationship 
is either given by the manufacturer as a 
nominal value or was determined by a 
wind tunnel test. If a wind tunnel test 
was made initially and the sensor is 
identified by'serial number and shows 
no sign of deformation in shape, it IS 

reasonable to assume the sensor rate of 
rotation vs. wind speed relationship has 
not changed. It is not necessary to wind 
tunnel test every six months or year. If. 

. on the other hand, a wind tunnel test sitina. 
Performance audits may include but 

should not be limited to repeating the 
field calibration on the sensors and 
associated cabling while they are still in 
place (see Section 2.3.4) The wind 
speed calibration procedure may in- 
volve rotation of the anemometer with a 
constant speed motor When a syn- 
chronous motor is used for an audit 
there needs to be a methodfor measuring 
the rate of rotation and there needs to be 
AC power, usually 60 Hertz. It may not 
be possible to get the power at the 
sensor location or even the site location 
It also may be troublesome to measure 
the rate of rotation i f  the transducer is a 
generator since generators often have 
electrical noise and the averaging of 
voltage samples is less accurate than 
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has not been done and the program 
requires documentation of accuracy. a 
wind tunnel test should be done or an  
audit with a collocated transfer standard 
(CTS). The CTS has the advantage of 
challenging the entire system in naturally 
turbulent flow The CTS must be well 
sited to measure representative flow 
without mutual interference A period of 
at least 12 hours (half of a diurnal cycle) 
should be used to obtain as much range 
comparison as is practical 

The wind direction audit procedure 
should concentrate on output when the 
vane is aimed at known s i tes  The 
direction to and from a distant landmark 
should be determined by independent 
methods Map location is best if a good 
map is used [USGS. airwavs or equiva- 
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lent) and the site can be accurately 
located. Another method is to us0 a 
north findingtechnque such as- 
in Section 2.3.5 and to measure the 
angle bemmtn north and the landmark 
with a theodolite or a sextant. The 
direction vane should be taped or 
clamped in the direction desired so a 
steady reacting can be accurately made. 
If a sigma theta measurement is 
included in the system. this would be a 
good time to verify zero. 

If a CTS is used, the comparison of 
averages will be subject to orientation 
differences (bias) and perhaps othen 
caused by different dynamic perform- 
ance characteristics and different aver- 
aging methods. When properly exposed. 
the cfs gives the best estimate of 
accuracy when operating in a naturally 
turbulent flow. Collocated sensors are 
within 10 m of each other in the 
horizontal and one meter in the vertical 
according to Hoehne (1 971 I. Data taken 
while the wind is within f30° of the line 
between the sensor being audited and 
the CTS should not be used. 

2.4 Temperature 
Measurements 
2.4.1 Introduction 

Temperature is not simply an isolated 
piece of meteorolDgical data but is used 
in the measurement and determination 
of a number of other atmospheric 
parameters such asvertical temperature 
gradient (stability), relative humidity, 
and gaseous pollution concentrations. 
Several types of sensors and recorders 
are used routinely in  a variety of 
combinations to acquire temperature 
data. The following sensors are used 
most often for environmental measure- 
ments. 

Linear Thermistors - Thermally sen- 
sitive resistors or thermistors are 
electronic semiconductors that are 
made from certain metallic oxides. The 
resistance ofa thermistor varies inverse- 
ly with its absolute temperature. Linear 
thermistors are a composite of two or 
more thermistors and fixed resistors 
designed to produce a linear response to 
a wide temperature range. In system 
configuration, the thermistor is connect- 
ed to a bridge circuit or some suitable 
signal conditioning circuit. When a low 
excitation voltage is applied to the 
thermistor, the output from a bridge 
circuit is a voltage that varies directly 
with the temperature of the sensor. 
Linear thermistors are particularly well 
suited to remote sensing applications 
because oftheir large resistance change 
to temperature change ratio. Coeffi- 
cients on the order of 125 W ° C  are 
common (Lockhart and Cannon. 1978). 
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reducing the impact of lead resistance 
errors. A lead roristanca of 12.5 n 
w o u ~  tm required to prbduca a 0.1 o c  
temperature measurement error. The 
thermistor or thermistor composite may 
be pqckaged as a glass cowed  bead or 
potted in a stainless steel sheath. The 
latter is usual and best for monitoring 
applications 

Resistance Temperature Detectors 
IRTD) - The RTD operates on the 
principle that the eloctrical resistance of 
a pure metal increasss with tampemure. 
Although RTD sensors are made using 
silver, copper, and nickel wire, platinum 
wire is the best material because of its 
superior linearity and stability charac- 
teristics. high sensitivity, and resistance 
to corrosion. The RTD probe is encased 
in a protective stainless steel housing 
composed of an insulating a x e  wrapped 
with platinum wire. The resistance of 
the wire is measured by a bridge circuit 
in a signal conditioner. The RTD 
operates at a much lower resistance to 
temperature ratio than the linear 
thermistor. RTD’s used most often in 
meteorological worlc have a coefficient 
of resistance change on the order of 0.4 
ohms per degree Celsius, and are more 
sensitive to lead resistance errors than 
are thermistors. ‘Three wire” and ”four 
wire’’ systems are configurations that 
automatically compensate for lead 
reistance. 

Liquid-In-Glass- Thermometers - Most 
of these thermometers are 10- 1 /2-inch 
glass tubes with a uniform capillary 
bore and a liquid reservoir or bulb at the 
bottom. Thermometers are usually 
mounted on a stainless steel back with 
the bulb protruding to allow free air 
circulation. Volumetric expansion and 
contraction of the operating liquid 
provides the measure of temperature. 
The liquid is usually mercury but maybe 
a mixture of ethyl alcohol and red dye. 
Thermometers filled with alcohol are 
called spirit thermometers. Though 
inherently less accurate than a mercury 
thermometer, the spirit thermometer 
must be used where extremely cold 
temperatures are anticipated because 
mercury will freezo at -38% 

Thermocouples - Because of i ts  
complex circuitry and somewhat limited 
accuracy. the thermocouple is not a 
popular operational meteorological 
sensor, although its vast capabilities 
make its use in other temperature 
measurement applications quite com- 
mon. The thermocouple operates on the 
principle that when two different metals 
are joined, a small voltage with a 
temperature-dependent magnitude is 
generated. By comparing this voltage to 
the voltage generated by the same two 
metals joined at a temperature-con- 
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trolled reference junction (ice point), the 
ambient temperaturecan bedetermined. 

Deformation- Type Thermometers - 
Thb megory of thermometer depends 
upon the thermal expansion and con- 
traction of metals or liquids. The 
response to temperature changes is 
actual physical movement of the sensor 
mechanism, which is mechanically 
transmitted through a system of levers 
to 8 thermograph, where a continuous 
tempetrature trace is produced. The 
m a a a n n m o n ~  -tvpethermom- 
et- are the bimetallic thermometer, 
whem vastlydifferentthermalexpansion 
p r m i a s  of two mated metal strips 
produce deformation: the Bourdon tube 
thermometer, where a coiled, hollow, 
spirit-filled. flexible metal tube changes 
shape with the thermal expansion and 
contraction of the internal fluid; and the 
macury-in-steel thermometer, where 
the pressure produced by thermal 
expansion of the mercury is transmitted 
to 8 Bourdon tube. With the coming of - 
age of the quick-response electronic 
recording sensor system, slow-reacting 
thermographs with their requirement of 
manual data reduction are slipping in 
popular ity . 

2.41.  I Sensor Characteristics-Ac- 
curacy- A highquality mercurythermom- 
eter properly calibrated will provid 

for most atmospheric measurement 
programs. Over the years. the capillary 
bore will tend to contract slightly, 
causing the zero point to rise. Because 
the thermal response of mercury is 
essentially linear, this error is correctable 
through calibration. The most serious 
errors incurred in  using a mercury 
thermometer are usually due to improper 
exposure and/or observer error (e.g.. 
parallax error i n  reading the tempera- 
ture). Typical commercial platinum AT0 
sensors follow the platinum character- 
istic that represents a resistance 
accuracy of iO.26OC a t  O°C and 
H . 3 8 O C  at 5Pc. bnear thermistors 
are available commercially with an 
accuracy of io.15°C over the range of 
temperatures normally encountered in 
environmental measurements (Lockhart 
and Gannon. 1978). Ordinary commer- 
cial thermocouples are only accurate to 
+l0C (Wang. 1975). Accuracy of a 
measurement system is limited more by 
such factors as sensor exposure, 
improper coupling, and signal inter- 
ference than by accuracy of the sensor 
For air quality monitoring applications. 
an accuracy (including coupling error) of 
better than 0.5OC is easily achievab 
and adequate (Strimaitis. 1981 I 

Linearity - There are no significant 
linearity problems with anv of the 
electronic or liquid-in-glass sensors 

temperature data of sufficient accura a@ 
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within the extremes of tropospheric 
temperature. Some linearity problems 
occur in the deformation-type sensors, 
particularly at extreme temperatures. 

Response Time - A certain amount of 
caution must be exercised in assessing 
the value of quick response time in 
making stationary environmental tem- 
perature measurements. At the warmest 
time of the day, a continuous Eulerian 
temperature trace may show variations 
of up to 1 O C  in a 30-second period. Care 
must be taken in evaluating instanta- 
neous temperature data from a thermis- 
tor or RTD, both of which may have time 
constants as short as 5 seconds or less. 
For both of these sensors, temperature 
values should be the average of a series 
of readings taken over a minimum 
period of 1 minute to avoid "noise" 
errors. Usually the stainless steel 
sheath which protects the sensitive 
element for field monitoring use adds to 
the time constant mechanically thereby 
providing both ruggedne'ss and a more 
useful time constant. 

Precision - Most good quality electrical 
temperature systems used for moni- 
toring in the atmosphere will have an 
output with better resolution and 
precision than accuracy. The application 
of the data may take advantage of this 
fact. For example, a temperature dif- 
ference between two levels on a tower 
may (and should) be calibrated around 
the precision of each sensor yielding an 
accuracy of a difference on the order of 
the precision of the sensor ( 0 . 1 O C  for 
example). This statement must be 
qualified to either ignore the coupling 
error or assume each sensor will suffer 
the same coupling error and, therefore, 
not influence the difference measure- 
ment. The latter is a reasonably good 
assumption when identical radiation 
shields are used. 

The accuracy of the temperature 
differential measurement system ex- 
cluding coupling errors may be as good 
as the resolution or precision if an effort 
is made to either adjust the circuits or 
correct the data to achieve it. The 
nominal values quoted above reflect an 
interchangeability with circuits adjusted 
to the nominal values given in the 
manufacturer's manual. Given sensor 
stability, the accuracy will be as good as 
the calibration. 

Durability - Al l  of the electronic 
temperature sensors are fairly rugged 
and stable. Liquid-in-glass thermom- 
eters obviously require careful handling. 
The deformation thermographs also 
require delicate handling as any physical 
damage will alter the calibration. 

2.4.1.2 Solar Radiation Shields-The 
most serious problem encountered in 

environmental thermometry is radiation 
error, which can amount to several 
degrees Celsius at midday. Early attempts 
to combat radiation error took the form 
of instrument shelters, such as the all- 
wood, louvered, double-roofed cotton- 
region type. Much better results in 
reducing radiation error have been 
achieved with aspirated radiat ion 
shields (Figure 2.4.1). 

Naturally Ventilated Radiation Shields 
- The most common of these radiation 
shields employs a vertically mounted 
sensor with a 360° ventilation exposure. 
The housing is topped with single or 
multiple polished domes for solar 

circular shields to block terrestrial and 
reflected radiation. The vane oriented 
radiation shield directs the ambient 
wind to the temperature sensor. A 
swivel-mounted, white, horizontal, 
double-walled tube is equipped with a 
large vane that keeps the housing 
opening pointed into the wind. However, 
these shields give large errors when the 
wind is light. Both of these naturally 
ventilated radiation shields will accept a 
variety of electronic temperature sensors, 
including the thermistor, thermocouple, 
and RTD. 

Mechanically Aspirated Radiation 
Shields - This type of radiation shield is 

radiation shielding and has lower used where power is readilyavailable to 

1.1 
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AES Stevenson Screen 

J d >  1 

AES Parallel Plate 

CClW B Parallel Pie Plate 
Shield 

Israeli Thaller Shield 

Teledyne Aspirated 
Radiation Shield 
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Curved Plate Shield 

EG&G Dew Point 
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/-' 
Modified Ramos Shield 

Gill Aspirated Shield Stevenson Screen 

Figure 2.4. I .  Examples of various radiation shields fMcTaggart-Cowan and 
Mcr.ay, 1976). 



drive the aspirator motor, which draws 
ambient air across the sensor at an 
average flow of 5 m/s. The radiation 
shield may take a number of forms, but 
common features include double-wall 
construction and white paint. Some use 
ThermosS bottle type wall construction. 
Some are mounted horizontally with the 
air intake facing north, while on others, 
the tube is mounted vertically with the 
air intake facing downward. Some 
vertical units also employ domed 
polished radiation shields for both sky 
and ground radiation shielding (Mc- 
Taggart-Cowan and McKay, 1976). 
These mechanically aspirated radiation 
shields will accommodate the full range 
of electronic temperature sensors along 
with a variety of dew point and humidity 
sensors. It is desirable that aspirator 
motors be wired to signal whether or not 
they are operating, particularly in tower 
installations. 

2.4.1.3 Temperature Data Require- 
m e n t s - I n  gene ra l ,  m e a s u r i n g  
temperature with an accuracy greater 
than 0.5OC may not be necessary. 
Extreme daytime horizontal tempera- 
ture gradients are well documented 
(Hoffmann, 1965. and Department of 
the Army, 1975). However, certain 
circumstances require more accuracy 
or relative accuracy for differential 
temperature measure ments. For 
example, a temperature gradient 
measurement requires a relative 
accuracy of temperature or an absolute 
accuracy of temperature difference of 
0.1OC. This is true for the low level local 
sur face grad ien t  measurement  
between 2 m and 10 m above the 
ground or for the more conventional 
measurement between 10 m and 60 m. 
Also, if humidity is measured by the 
wet-bulb and dry-bulb difference, 
sensors should be matched so that 
small differences are meaningful. 

The very fact that the atmosphere is a 
turbulent. differentially heated fluid 
should remind any investigator that a 
temperature recorded to the nearest 
tenth of a degree is representative of 
only a very small volume of air for a very 
short period of time. A l l  rout ine 
monitoring applications of temperature 
data, be they air temperature or 
temperature gradient. will be expressed 
as a longer term average. 

2.4.2 Procurement 
In purchasing a suitable temperature 

sensor system. follow the general 
guldelines advanced in Section 2.2.1, 
" Instrument Procurement."  Pay 
particular attention to data requirements. 
including management and reduction. 
Evaluate the measurement site or sites. 
ssving cons idera t ion  t o  power 

requirements. cable lengths, possible 
signal interference, sensor mounting 
and exposure. and housing requirements 
for ancillary equipment. 

2.4.3 Acceptance Testing 
Follow the general guidelines set 

forth in  Section 2.2.2, "Acceptance 
Testing." The general response of the 
sensor can be ckrcked by placing it 
alternately in warm and cdd water and 
observing the output. This unnatural 
exposure may damage some types of 
sensors. h is prudent to keep the sensor 
assemblies dry by covering them with a 
thin plastic bag. This prevents any 
"wicking" of water into electronic 
assemblies. 

If the time constant is to be tested 
( important pr imari ly for research 
applications), it should be done in the 
aspirator at the normal operating flow 
rate. The aspirator should provide a flow 
by the sensor of about 5 m/s. The flow 
can be chedted with a pitot tube or hot 
wire anemometer. If the flow seems 
weak, check the motor output, the fan 
mechanismsfor binding ordamage, and 
the air passages for obstructions. 

2.4.4 Calibration 
Refer to the general notes in Section 

2.2.3, "Calibrations." 
Bench Calibration - In bench 

calibrating a temperature sensor, one 
may use material changes of state to 
o b t a i n  a n  a b s o l u t e  r e f e r e n c e  
temperature.  For meteorological 
purposes, the triple point of water is one 
such absolute reference that falls 
within the normal range of ambient 
boundary layer temperatures. It 
requires special equipment to produce 
this temperature. In calibrating a 
remote electronic sensor, al l  ancillary 
equipment. including cables, signal 
conditioners. and recorders, should be 
hooked up as close to f ield configuration 
as i s  possible to achieve in  the 
laboratory. Deformation-type instru- 
ments are usually returned to the 
manufacturer  for cal ibrat ion.  A 
minimum of two reference points is 
required. All calibrations should be 
performed in stable thermal masses in 
insulated containers, such as Dewar 
flasks or Thermos:B bottles (Figure 
2.4.2). A precision mercury-in-glass 
thermometer or other calibrated 
the rmomete r  i s  requ i red .  This 
instrument should be cenified as having 
been calibrated according to National 
Bureau of Standards (NBS) procedures 
(Lockhart and Gannon. 1978). A bath 
must be continuously agitated either by 
hand or with a mechanical stirrer that is 
thermally insulated so as not to act as a 
heat sink or source. A solid mass In near 
thermal equilibrium may also be used 
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The sensor must  be completely 
submerged, held with an insulated 
clamp, and not allowed tocontact either 
the stirrer, the reference thermometer, .e 
or the sides of the flask If an ice bath is 
used. it should contain distilled water 
and ice slurry made from distilled water 
(Wing, 1975) For the second reference, 
best results mil be obtained by using 
w a r r  at near-ambient temperature to 
reduce heat exchange problems When 
temperatures have stabilized, record 
the readings of both the sensor and the 
reference thermometer 

If the calculated error at each 
calibration point falls wi th in the 
accepted bounds for the particular 
sensor, the calibration can be cenified 
If adjustments are required, the 
calibration checks must be repeated 

The bench calibration of a differential 
temperature system (often called delta 
T) requires both sensors to be at exactly 
the same temperature For this. thermal 
stability is much more important than - 
accurate knowledge of the temperature 
If the zero difference is verified at two 
temperatures (such as near O'C and 
40°C). then it is also verified that each 
Sensor is reacting with the same output 
vs temperature transfer function 
When two are alike it is reasonable to 
expect they  are fo l l ow ing  t h e  
manufacturer's nominal transfer 

calibrated by using substitute sensors 
function The differencing circuit can b 4' 

V 

Figure 2.4.2 A simole bath for calt- 
brating thermometers 
fMiddleton and Spil- 
haus. 19531 
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(resistance boxes, etc.) with an accuracy 
consistent with the 0.1OC goal. It is 
difficult to maintain differential thermal 
masses of known temperature to 
achieve this calibration. 

Field Calibration - If at all possible, the 
bench calibration procedures should be 
duplicated in the field. Obviously, for 
this to be possible, the user must have a 
mobile laboratory or on-site access to a 
sheltered work area. To perform a 
proper calibration, the sensor must be 
r e m o v e d  f r o m  i t s  h o u s i n g .  For  
electronic sensors, all cables must 
remain attached. If no  shelter is 
available, calibration must be done 
during a period of calm winds under 
either cloudy skies or at night under 
inversion conditions. If these minimum 
conditions cannot be achieved, then 
field calibration is not possible and a 
calibration check will be performed 
instead. If the check indicates that the 
calibration is off, then the instrument 
must  be brought  in for  a bench 
calibration. 

In addition to the sensor checks 
out l ined above, circuitry checks of 
remote sensing systems are often made 
by replacing the electronic sensor with 
resistors of known value. Some systems 
include bu i l t - in  reference resistors 
allowing easy "internal" calibration 
checks. 

Both the bench and field oalibration 
methods described above deal with the 
transducer and measurement system 
but ignore the coupling by the radiation 
shield. A collocated transfer standard 
(CTS) of known accuracy may be used in 
an operational way for a period of time 
at least one half a diurnal cycle to 
maximize the range being tested. With 
hourly (or shorter) averages taken over 
exactly the same periods of time as the 
monitoring system and with assurance 
of noninterference with the air which 
reaches each sensor, an estimate of 
accuracy for the complete measurement 
system can be made. Errors in coupling 
from solar or terrestrial radiation cannot 
be adjusted for. The solution for this 
problem will usually require a better 
radiation shield. 

2.4.5 Installation 
Follow the general guidelines set 

forth in Section 2.2.6, "Preparation for 
Field Installation " The shakedown 
period for a temperature sensor need 
only last long enough for the diurnal 
temperature cycle to be defined and a 
number of comparisons against an 
NBS-certified thermometer to be made, 
usually a few days Following bench 
calibration and shakedown, the sensor 
is shipped to. the field Proper siting of 
temperature sensors is described in 

Section 3, *'Methods for Judging 
Suitability of Sensor Siting," Louvered 
shelter doors and mechanical aspirator 
openings should be oriented north in 
the nor thern  hemisphere. Tower - 
mount,ed senso rs  s h o u l d  have  
downward facing aspirated shields 
cantilevered on a boom not less than 
one tower  diameter in length to 
minimize the effects of sensible heat 
from the tower structure. Installations 
on the sides of buildings or through 
w indows of bu i ld ings cannot be 
expected to provide unbiased data. All 
wire connections should be made as 
soldered joints, without acid-type 
fluxes, us ing approved solder ing 
techniques; "cold joints" are one of the 
greatest sources of d i f f i cu l t y  i n  
res is tance  t he rmome t r y .  Proper 
grounding procedures will minimize 
problems associated with potential 
gradients and thunderstorm activity. 

Once installed, a calibration check 
should be made. At least one further 
cursory operational check should be 
made 24 hours after the instrument has 
been placed on line. 

2.4.6 Field Operation of a 
Thermometry System 

As part of the quality assurance 
program, a field calibration should be 
performed a minimum of once every 6 
months. Calibration checks should be 
made monthly. A technician should visit 
the site as often as possible, even daily. 
No site should go unattended for longer 
than a month. Each time the site is 
visited, a comparison should be made 
against a reference thermometer. A 
side-by-side cornparison is desirable 
although this may not be practical with 
certain tower installations. The data 
should be inspected for a reasonable 
diurnal temperature pattern. Where 
strip chart recorders are used, time 
checks every 24 hours are desirable. 
Data retrieval will depend upon program 
objectives, but even for climatological 
programs, data should be retrieved 
monthly. A l l  operational activities 
during a site visit should be logged. 

2.4.7 Preventive Maintenance 
Temperature sensors are basically 

maintenance free. Most PM on thermom- 
etry systems is concerned with hous- 
ings. Instrument'shelters must be 
cleaned as often as local weathering 
conditions require. Theair passageways 
and screens in radiation shields. both 
asp irate d a nd n a t u r a 1-1 y ve n t i I at ed , 
should be cleaned out a t  least once 
every month. The aspirator motor 
should be checked during each visit. For 
remote sites or where data collection IS 

critical. the asqirator motor should be 
changed periodically as recommended 
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by the manufacturer. Lubricate the 
aspirator system as rhuired, but not 
oilless bearings. The spare parts inven- 
tory should include a sensor and 
aspirator motor. The most common 
cause of component failure is lightning. 
Obviously a system damaged by lightning 
will require recalibration after repairs 
are made. All PM activities should be 
logged. 

2.4.8 Audit Procedures 
Refer to Section 2.2.4, "Audits," for 

general guidelines. 
A performance audit on a thermometry 

system is simply a calibration check 
following the procedures previously 
outlined in Section 2.4.4. I f  a field 
calibration check is not physically 
possible or practical, then the audit may 
consist of running a side-by-side 
comparison using a second complete 
sensor system with known accuracy 
and response characteristics. Inserting 
a calibrated audit sensor into the same 
housing with the sensor being audited 
may be a poor procedure, as the second 
sensor may alter the flowcharacteristics 
and sensible heat regime within the 
housing. There is no requirement 
dictated by temperature sensor char- 
acteristics for a regular schedule of 
temperature instrument audits. Of 
course, a system audit should be 
performed near the beginning of a 
measurement program. Other audits 
should be geared to program goals and 
may be random events. 

2.5 HumidityIDew Point 
Measurements 
2.5.1 Introduction 

Humidity is a general term for the 
water-vapor content of air. Other, more 
specific, terms for humidity include: 
absolute humidity, relative humidity, 
specific humidity, mixing ratio, and dew 
point (Huschke, 1959). This section 
discusses the measurement of relative 
humidity and dew point. 

Relative humidity (RH) IS a dimen- 
sionless ratio of the actual vapor 
pressure of air to the saturation vapor 
pressure at a given dry bulbtemperature. 
Dew point is the temperature to which 
air must be cooled, at constant pressure 
and constant water vapor content, to be 
saturated with respect to liquid water. 
Frost point is the temperature below 
O°C at which air is saturated with 
respect to ice. 

There are many ways to measure the 
water vapor content of the atmosphere 
These can be classified in terms of the 
six physical principles (Middleton and 
Spilhaus, 1953) listed in Table 2.5.1 
Examples of instruments for each 
technique are provided. 



T.bk 2.5.1. Principles of Humidity Messcuement 

Redwtim of temperature by ev8poration - psychrometer 
Dimens&nd changes due to abswprion - hmmmeters with 

radiationwhich allows time and accessi- 
bility for a careful reading to avoid 
parallax (a parallax avoiding guide to . keep the eye perpendicular to the 

of moisture. based-on hygroscopic 
properties of materials 

absorption or adsorption 

sGsors of hair. 
wood. natural and 
synthetic fibers 

Chemical or electrical changes due to - electric hygrometers 
such as Dunmore Cell; 
lithium. carbon. and 
aluminum oxide strips; 
capacitance film 

formation of dew or frost by -- cooled mirror 
artHkial cooling suriaces 
Diffusion of moisture through porous - diffusion hygrometers 
membranes 
Absorption spectra of water vapor - infrared and UV 

abswption; Lyman- 
alpha radiation 
hygrometers 

Instruments such as diff usion hygrom- 
eters that involve the diffusion of 
moisture through porous membranes 
are used primarily in research programs. 
The same is true of instruments that 
utilize the absorption spectra of water 
vapor, such as infrared and ultraviolet 
hygrometers and Lyman-alpha radiation 
hygrometers. This class of instrument 
requires frequent attention and repre- 
sents a major investment in procure- 
ment and maintenance costs. 

Psychromrry identifies a basic tech- 
nique for deriving both relative humidity 
and dew point temperature from a pair 
of thermometers-a dry bulb thermom- 
eterthat measures the ambient temper- 
ature, and a wet bulb thermometer. The 
reservoir of the wet bulb thermometer is 
covered with a muslin wick. When the 
wick is moistened and the thermometer 
ventilated, the indicated temperature is 
related to the amount of evaporative 
cooling that can take place at  the 
existing ambient temperature, water 
vapor partial pressure, and the atmos- 

The temperature sensors in a sling 
psychrometer are usually mercury- or 
alcohol-filled thermometers. The Same 
is true of portable motor-operated 
psychrometers, but the psychrometric 
principle has been used with sensors 
made of thermocouples, wire-wound 
resistance thermometers, thermistors, 
and bimetal thermometers. Relative 
humidity and dew point are easily 
determined observing the difference 
between the dry bulb and the wet bulb- 
the wet bulb depression-and then 
referring to psychrometric tables, 
charts. or calculators. One must be 
certain to use computed values for the 
atmospheric pressure range of the 
location where the observation IS taken. 

- pheric pressure (Figure 2.5.1). 

More measurements of atmospheric 
water vapor have probably been made 
with the ding psychrometer than by any 
other manuel method. When properly 
used and read, the technique can be 
reasonably accurate, but it is easily 
misused. The most important errors are 
from radiation, changes during reading, 
and parallax. The Assmann psychrom- 
eter continuously aspirates the ther- 
mometers and protects them from 

laJ 

Figure 2.5.1 

meniscus is best). For good accuracy, 
particularly where a variety of observers 
are taking measurements, an Assmann 
or equivalent type psychrometer is  
recommended. One should use the 
psychrometric tables with dew point 
values for the altitude (pressure) where 
me8surements are being made. 

Hygrographs, which record relative 
humidity. or hygrothermographs. which 
record both relative humidity and 
temperature. usually incorporate human 
hair as the moisture-absorbing sensor. 
Other instruments with sensors that 
respond to water vapor by exhibiting 
dimensional changes are available. . 
T W  are made with elements such-as 
wood, goldbeater's skin (an animal 
membrane), and synthetic materials, 
especially nylon. 

Instruments that utilize the hygro- 
s m i c  characteristics of human hair are 
used most frequently, primarily because 
of availability. The hygrograph provides 
a direct measure of relative humidity in 
a portable instrument that is uncompli- 
cated and is relatively inexpensive. 
There are limitations in accuracy below 

80 percent that may be unacceptable, a 

- 

20 percent relative humidity and 

An official National Weather Service sling ps ychrometer la) and 
an Assmann psychrometer (bl. 
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well as limitations for applications at 
low temperatures. Atmospheric Envi- 
ronment Services of Canada has found 
that Pernix, a specially treated and 
flattened hair element, can be used at 
temperatures below freezing without 
serious errors. The hygrothermograph 
made to an NWS specification incor- 
porates human hair as the humidity 
sensor and bourdon tube (a curved 
capsule f i l led with alcohol) as the 
temperature sensor. 

Dew point hygrometers with con- 
tinuous electrical outputs are in com- 
mon use for monitoring. One dew point 
hygrometer was originally developed for 
air conditioning control applications 
under the trade name Dewcel (Hickes, 
1947) and was adopted to meteorological 
use (Conover, 1950). From the trade 
name, the generic term dew cell has 
evolved that now identifies an instru- 
ment made by several manufacturers. 
This device determines moisture based 
on the principle that for every water 
vapor pressure in  contact with a 
saturated salt solution, there is an 
equilibrium temperature at which this 
solution neither absorbs nor gives up 
moisture to the surrounding atmosphere. 

The dew cell, also known by the trade 
name Dew Probe, consists of bifilar wire 
electrodes wrapped around a woven 
glass cloth sleeve that covers a hollow 
tube or bobbin. The sleeve is impregnated 
with a lithium chloride solution (Figure 
2.5.2). Low-voltage a.c. is supplied to 
the electrodes, which are not inter- 
connected but depend on the conduc- 
tivity of the atmospherically moistened 
lithium chloride for current flow. The 
temperature sensor in the tube is 
usually a resistance thermometer, but 
can be a thermistor, thermocouple, 
bimetal thermometer, capillary system, 
or any sensor calibrated for the proper 
temperature-to-dew-point relationship. 

In the early 1960's. the technique of 
detecting the dew point on a cooled 
mirror surface evolved into a production- 
type unit. This unit was automatically 
operated and had an optical dew- 
sensing system that incorporated ther- 
moelectric cooling (Francisco and 
Beaubien, 1963). Four manufacturers 
now produce a meteorological type, 
thermoelectric, cooled-mi rror dew point 
instrument (Mazzarella, 1977). Three of 
these instruments cover the range of 
-50' to +50°C. Linear thermistors are 
used to measure the mirror temperature 
in three of the units; a platinum wire 
sensor is used i n  the other. All are 
designed with simultaneous l inear 
output signals for Tap (dew point 
temperature) and T (ambient tempera- 
ture). Two of the manufacturers make 
clainfs to NBS-traceability with stated 

dew point accuracies ranging from 
10.2O to +0.4OC and ambient tempera- 
ture accuracies ranging from kO.1  to 
10.5OC. All incorporate some form of 
standardization that involves clearing 
the mirror by heating, either automati- 
cally or manually. Although complex in 
design and operation, this type of 
cooled-mirror hygrometer is considered 
to be a functional standard. 

In recent years, two other sensors for 
humidity have been used on tower 
installations for atmospheric pollution 
studies. One involves the use of an 
organic seed, cut and coupled to a strain 
gage. In principle, absorption of moisture 
in the seed results in distortion, which is 
converted to an electrical signal by the 
strain gage assembly. Reports on 
performance are mixed. Certainly the 
applications are limited, and the approach 
does not represent a technological 
advance. By contrast, the thin film 
capacitor, designed primarily for radio- 
sonde applications, incorporates ad- 
vanced technology (Suntola and Antson, 
1973). Reports of users have been 
mixed, with a common complaint of 
poor performance in polluted atmos- 
pheres. The capacitor may sti l l  be 
considered a sensor for some research 
applications on towers. 

2.5.1. I Sensor Characteristics-Al- 
though the psychrometer is considered 

I 4" 4 
I I 

/-35/?6"d 

Figure 2.5.2. A typical Dewcel 
sensor housing and 
fransmrffer. 
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the most practical and widely used 
instrument for measuring humidity. two 
major problems are associated with wet 
and dry bulbpsychrometry involving the 
accuracy of the thermometers and the 
cumulative errors related to operating 
technique (Quinn, 1968). An accuracy 
of f1 percent at 23OC and 50 percent 
RH requires thermometers with relative 
accuracy of fO. 1 OC. The commonly 
used 0.5OC division thermometers 
introduce an uncertainty of r5 percent 
RH at this condition. This assumes that 
the readings were taken at the maximum 
wet bulb depression, a difficult task with 
a sling psychrometer. 

It has long been recognized that there 
are some limitations in using the dew 
cell instrument (Acheson. 1962). The 
lowest relative humidity it can measure 
at a given temperature is the ratio of the 
vapor pressure of a saturated solution of 
LiCl to that of pure water. This is 
calculated to be 11.8 percent RH. A 
second limitation is that at -65.6O. 
- 2 0 . 5 O ,  +19.0°, and +94.OoC, LiCl in 
equilibrium with its saturated solution 
undergoes a phase change. Errors in 
dew point measurements occur at -69O, 
-39O. - 1 P .  and +40°C. This problem is 
inherent in the use of LiCl and cannot be 
eliminated. It is estimated that the 
accuracy of the LiCl saturated salt 
technique is 1.5OC over the range of 

The optical chilled (cooled) mirror 
technique of measuring dew point is a 
fundamental measurement. No calibra- 
tion is required for the fundamental dew 
generating process. The measurement 
however is the temperature of the 
surface at which the dew forms and as 
with any electrical temperature mea- 
surement system, calibration is required. 
The process of periodically heating the 
mirror to a temperature above the dew 
lor frost) point is followed by a balancing 
of the optical system to correct for 
changing the dry mirror reflectance that 
might result from contamination. In the 
better instruments, automatic balancing 
is programmable in terms of frequency 
and length of time. It can also be 
accomplished manually. 

-30' to 3OOC. 

2.5.1.2 Sensor Housings and Shields- 
Psychrometers of a l l  types should be 
acclimated to the environmental condi- 
tions in which the measurements are to 
be made. In most cases, psychrometers 
should be stored in a standard instru- 
ment shelter so that the mass of the 
thermometers, and especially the mass 
of the housing, adjusts to the tempera- 
ture of the air Psychrometers with a 
stored water supply, such as those on a 
tower, must be shielded from solar 
rad iation 



For meteorological applications, the 
dew cell ehment should be enclosed in 
a weatherhood to protect it f rom 
precipitation. wind, and radiation effects. 
This type of element functions best in 
st i l l  air. Some aspirated radiation 
shields are designed, in keeping with 
these specifications, to house both a 
temperature sensor, which requires 
ventilation. and a dew cell, which 
requires only the smallest amount of air 
flow (Figure 25.3). The miniaturization 
of the dew cell has created some 
problems related to excessive air flow 
and solar radiation that remain only 
partiany s d ~ e d .  

All manufacturers of optical cooled- 
mirror dew point and temperature 
monitoring oquipment provide housings 
for the sensors, which include forced 
ventilation and shielding from solar 
radiation. 

2.5.1.3 D8ta Requirements-Electrical 
hygrometers for monitoring applications 
have time constants generally longer 
than air temperature systems. The 
usual data of interest are hourlyaverage 
values. Data should be reported in terms 
of the condition measured, dew point 
temperature. relative humidity or wet- 
bulb and dry-bulb temperature. Programs 
may be used which convert among 
these if all the relevant variables are 
known. The station elevation may be 
used to estimate a nominal pressure if a 
measurement is not available. The 
temperature needed to convert a relative 
humidity measurement to dew point 
temperature is that temperature at the 
relative humidity sensor surface. This 
may not be the same temperature as 
that measured at some other location. 
On the other hand, the dew point 
temperature is a fundamental measure 
of the amount of water vapor in the air 
and is independent of air temperature. 
Relative humidity calculations can 
therefore be made given the dew point 
temperature and any temperature 
measurement point in the samegeneral 
air mass. 

Psychrometers are convenient devices 
for making spot checks of the perform- 
ance of other devices. especially those 
that are permanently installed, providing 
the checking is done under reasonably 
steady overcast conditions. The psychro- 
metric technique bui l t  into tower 
installations presents servicing problems. 
especially at temperature extremes 
High temperatures cause rapid evapora 
tion, and low temperatures cause 
freezing. 

Both the dew cell and the cooled- 
mirror type instruments have applica- 
t ions on 10-meter or taller tower 
installations for pollution studies. 
providing the sensors are housed in the 

Figure 25.3. A pair of tower-mounted Gill aspIrared radiation shields for 
housing temperature and dew point sensors (R. M. Young Co.). 

recommended shields wth little. if any, 
aspiration for the dew cell and the 
recommended rate of aspiration for the 
coded-mirror design is selected 

2.5.2 Procurement 
In purchasing a surable humtdity/dew 

point measuring system, follow the 
general guidelines advanced in Section 
2.2 1,  'Instrument Procurement." 

Sling psychrometers and aspirated 
psychrometers with thermometers 
shorter than 10 inches do not have 
sufficient resolution for the accuracies 
FeqUired for checking other instruments 
Equally important. the thermometers 
should have etched stems. I e . the scale 
markings should be etched on the glass 
Reliable thermoTeters are factory 
calibrated at a minimum of two tem- 
peratures, and usuallyat three. Thermom- 
eters calibrated with NBS-traceable 
standards are preferred 

When patents expired on the original 
Dewcel, a number of similar units 
appeared on the market In light of 
problems which have existed in the 
past. it is prudent to specify accuracy of 
the humidity system when it isaperating 
as a system in the atmosphere Problems 
with ventilation rates will be quickly 
exposed by this requirement It is not 
recommended to purchase components 
to patch together in a system Corrosion 
in polluted atmospheres can be avoided 
by selecting optional 24-carat gold 
windings, provided cost is not prohibitive 
If dew point alone is to be measured the 
standard weatherhood is a proper 
choice If both temperature and dew 
point are to be measured. it may be 
advantageous to purchase a standard 

shield that provides a housing for the 
dew cel l  and a separate aspirated 
compartment for the temperature 
probe. 

Optical cooled-mirror dew point 
systems are now available commercially 
from four manufacturers, all of which 
incorporate either linear thermistors or 
platmum resistance temperature dewces. 

2.5.3 Acceptance Testing 
Follow the general guidelines set 

forth in Section 2.2.2. "Acceptance 
Testing '' Test at least the ambient 
atmosphere at one point in normal wind 
and radiation 

2.5.4 Caiibration 
Refer to the general notes in Section 

2.2.3. "Calibrations." The procedure for 
calibrating the thermometers in a 
psychrometer is essentially the same as 
any thermometer calibration (see Section 
244)  

Both the dew cell and the cooled- 
mirror hygrometer can be checked for 
approximate calibration accuracy with a 
motor-operated psychrometer Their 
performance should be verified under 
stable conditions at night or under 
cloudy conditions during the day 
Several readings taken at the intake of 
the aspirator or shield are recommended 
Bench calibrations of these more 
sophisticated units must be made by the 
manufacturer The electronics portion 
of some instruments may be calibrated 
by substitution of known resistances in 
place of the temperature sensor Tnls 
procedure. if appropriate isdescribed in 
the manufacturer s operating manual 
for the instrument 
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2.5.5 Installetion 
Follow the general guidelines set 

forth in Section 2.2.6, "Preparation for 
Field Installation" and in Section 3, 
"Methods for Judging Suitability of 
Sensor Siting." 

DW point measuring equipment on a 
tower should be installed with thesame 
considerations given to temperature 
sensors. Reference has already been 
made to the weatherhood as a shield for 
the dew cell and to an aspirated shield 
for the cooled-mirror instrument. A t  
some installations, success has been 
reported in mounting these housings so 
that they are close to the tower  
framework on the north-facing side. 
This minimizes the effects of direct solar 
radiation and provides a rigid support, 
especially for the cooled-mirror sensor, 
which requires a stable mount ing 
surface. Another consideration in 
mounting these devices inboard involves 
servicing. Inboard mount ing makes 
recharging the dew cell with lithium 
chloride and cleaning the reflective 
surface of the cooled-mirror hygrometer 
much easier. 

2.5.6 Field Operation and Preventive 
Maintenance 

.Note the guidelines in Section 2.2.5, 
"Operational Checks and Preventive 
Maintenance." 

Field calibration checks should be 
made at least monthly on dew cell type 
units. The use of gold wire windings 
around the LiCl  cylinder minimizes 
corrosion problems in polluted atmos- 
pheres. Periodic removal and washing 
of. old l i thium chloride, followed by 
recharging with a fresh solution, 
improves data reliability. 

Once a mercury or alcohol liquid-in- 
glass thermometer iscalibrated, there is 
no need for recalibration. unless it is to 
be used for reference or as a transfer 
standard. Errors in wet bulb tempera- 
tures are most frequently the result of 
an improperly installed or dirty muslin 
wick, the repeated use of tap water 
instead of distilled water, or human 
error in reading. Wicking material used 
on psychrometers must be washed to 
remove traces of sizing and fingerprints. 
Once cleaned, the material is tied at the 
top of the thermometer bulb and a loop 
of thread placed around the bottom so 
the thermometer bulb is tightly covered. 
To prevent solid materialsfrom collecting 
on the cloth and preventing proper 
evaporation, the wick should be wet 
with distilled water. Of course, slinging 
or motor aspiration should be done in 
the shade. away from reflected or 
scattered radiation. at a ventilation rate 
of about 3 to 5 m/s. Many technique- 
related errors are minimized by using an 
Assmann-type, motor-operated psychrom - 

eter, providing the instrument is allow- 
ed to assume near ambient conditions 
prior to use. 

The cooled-mirror instruments require 
no calibration except for the minor 
temperature sensor. Depending on  
environmental conditions, the mirror is 
easily cleaned with a Q-TiW dipped in 
the recommended cleaning fluid, usually 
a liquid with an alcohol base. While the 
accuracy of a psychrometer is inferior to 
that of the optical chilled mirror system, 
an occasional check at the intake to the 
sensor shield is !ecommended under 
the provisions specified earlier. 

A l l  operational and PM activities 
should be logged. Data retrieval will be 
dependent upon program objectives. 

2.5.7 Audit Procedures 
Refer to Section 2.2.4. "Audits," for 

general guidelines. Instrument audit 
procedures for hygrometry systems 
follow calibration procedures. A systems 
audit should be performed near the 
beginning of a f ield measurement 
program. 

The performance audit of a humidity 
measuring system should be based 
upon a comparison with a collocated 
transfer standard (CTS). Parts of the 
system can be tested by conventional 
electronic tests, but this avoids so much 
of the measurement process that it 
should only be used to augment the total 
system test. The CTS may be any 
qualified instrument. The mostaccurate 
type is the cooled-mirror dew point 
instrument. The Assmann-type psychrom- 
eter with calibrated thermometers trace- 
able to NBS is acceptable for most data 
applications. It is also most convenient 
since it does not require commercial 
power and can be carried to elevated 
levels on a tower. 

Given the qualifier that humidity is a 
very difficult measurement to make, a 
rule of thumb for judging the accuracyof 
a humidity monitoring system with an 
Assmann as the CTS isasfollows: when 
the CTS and the challenged system 
agree in dew point temperature to 
within l0C. the challenged system IS 

assumed to be within 0.5OC of the true 
value. This arbitrarily assigns an uncer- 
tainty in dew point temperature of 
t0.5OC for the Assmann which is true 
for most of the range, 

2.6  Solar Radiation 

2.6.1 Introduction 
Solar energy is the driving force of 

large-scale atmospheric motion. indeed, 
of the general circulation of the atmos- 
phere. Although air pollution investi- 
gators normally consider the measure- 
ment of solar radiation secondary to 
wind and temperature measurements. 

solar radiation is directly related to 
atmospheric stability. It is measured as 
total incoming.global radiation, as 
outgoing reflected and terrestrial radia- 
ti'on and as net total radiation. 

Quantitatively, solar radiation is 
described in units of energy flux, either 
W/m2 or cal/cm2.min. When measured 
in specific, narrow wavelength bands, 
solar radiation may be used to evaluate 
such air pollution indicators as turbidity, 
amount of precipitable water, and rates 
of photochemical reactions. However, 
this manual will cover only broadband 
measurements and sunshine. 

The generic term, radiometer, refers 
to any inst rument  that measures 
radiation, regardless of wavelength. 
Shortwave radiation has wavelengths 
less than 4 micrometers (pm) and is 
subdivided as follows: 

Ultraviolet (UV) 0.20 pm to 0.38 p m  
Visible 0.38 pm to 0.75 pm 
Near-infrared 0.75 p m  to 4.00 pm 

The infrared (IR) radiation band from 4 
pm to 100 pm is considered longwave 
radiation. The instruments most com- 
monly used for environmental monitor- 
ing are discussed below. 

Pyranometers are instruments that 
measure the solar radiation received 
from the hemisphertcal part of the 
atmosphere it sees, including the total 
sun and sky shortwave radiation (Figure 
2.6.1 1. Most pyranometers incorporate 
a thermopile as sensor. Others that 
measure a narrower, shortwave band- 
width, use a silicon photovoltaic cell as a 
sensor. The spectral pyranometer with 
two hemispherical domes IS designed to 
measure sun and sky totally or in 
defined wavelengths. This is achieved 
by substituting one of several colored 
Schott glass filter domes for the clear 
glass outer dome. 

Bimetallic recording p yranometers. 
also known as actinometers, were 
designed by Robrtzsch of Germany. 
These mechanical sensors consist of 
two or three bimetallic strips, alternately 
painted black and white. that respectively 
absorb and reflect solar radiatlon The 
resulting differential heating produces a 
deformation tha t  is transmitted me- 
chanically through levers and a pen arm 
to a clock-wound drum recorder. Although 
of limited accuracy, these instruments 
are useful for locations with no com- 
mercial power. 

Net radiometers or netpyrradiomerers 
are designed to measure the difference 
between downward and upward total 
radiation, including the total incoming 
shortwave and longwave radiation and 
the total outgolng shortwave and 
longwave radiation There are two basic 
types of net radiometers. The ventilated 
plate type, often referred to by the name 
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Figure 2.6.1. The features of a typical pyranometer fcarter. et al.. 1977). 

of the designers (Gier and Dunkle), is 
more popular in research applications 
than the type with hemispherical 
polyethylena domes originally designed 
by Funk. Both incorporate thermopiles 
with blackened surfaces. Because net 
radiometers produce a signal with a 
positive sign when the incoming radia- 
tion exceeds the outgoing, the recording 
equipment must be designed with an 
offset zero. 

Sunshine recnrders are designed to 
provide information on the hourly or 
daily duration of sunshine. Only one 
commercially available, off-the-shelf 
type of sunshine recorder is now 
available. This is the Campbell-Stckes 
design (Figure 2.6.2). designated as the 
interim reference sunshine recorder 

Figure 2.6.2. A Campbell-Stokes 
Sunshine recorder 
Department of the 
Army. 19 75). 

“IRSR” by the World Meteorological 
Organization. The device consists of a 
glass sphere 1 Ocm in diameter mounted 
in a spherical bowl. The sun‘s rays are 
focused on a card that absorbs radiation 
and changes color in the presence of 
sunlight. The recorder is used infre- 
quently i n  the United States but 
extensively abroad, primarily for the 
collection of climatological data. The 
National Weather Service routinely 
uses a Sunshine Switch, which incor- 
porates one shaded photocell and one 
exposed photocell. 

2.6.1.1 Instrument Characteristics- 
Only the characteristics of pyranometers 
and net radiometers, the two types of 
instruments used most frequently in 
pollution-related programs, wi l l  be 
discussed in this section. 

Pyranometer Characteristics - The 
pyranometer is not to be confused with 
the pyrheliometer. “an instrument for 
measuring the intensity of direct solar 
radiatlon at normal incidence” ( W O .  
1971 1. The pyrheliometer is mounted in 
a solar tracker, or equatorial mount, 
automatically pointing to the sun as it 
traverses from east to west (Figure 
2.6.3). By contrast. the pyranometer IS 
mounted facing toward the zenith 
Ideally, the response of the thermopile 
sensor in the pyranometer IS propor- 
tional to the cosine of the angle of the 
solar beam and is constant at all 
azimuth angles. This characteristic IS 
known as the Lambert Cosine Response, 
an important characteristic of pyranom- 
eters. For the majority of applications 
related to atmospheric pollution. Class 2 
and Class 3 are satisfactory. 

Net Radiometer Characteristics - 
Most net radiometers now available 
commercially are made with a small 
disc-shaped thermopile covered by 
polyethylene hemispheres. In most 
units the material used for shielding the 
element from the wind and weather i s  
very thin and is transparent to wave- 
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lengths of 0.3 to 60 pm. Until recently, 
the internal ventitation and positive 
pressure required to maintain the 
hemispheres of net radiometers in their 
proper shape was considered critical; 
however. new designs have eliminated 
thisproblem. The plate-- net radiom- 
eter, most often the modified Gier and 
Dunkle design sold commercially in the 
United States, is occasionally used in 
routine air pollution investigations. The 
thermopile heat flow transducer is 
blackened with a material that is easily 
Cleaned with water or naphtha. Because 
the thermopile is uncovered for total 
spectrum response. a built-in blower, 
available for operation on 1 15 V 50/60 
Hz or 12 V d.c., draws air across the 
dement at a constant rate eliminating 
the effects of varying natural winds. The 
device is temperat ure-compe nsa ted 
and typicalty has a sensitivity of 2.2 pV 
per W/mz, a response time of 10 
seconds, and a “relative” accuracy of 
two percent in  calibration. When - 
supplied with a reflective shield on its 
lower surface, this plate type net 
radiometer of the Gier and Dunkle 
design becomes a total hemispherical 
radiometer or unshielded pyranometer 

2.6.1.2 Recorders and Integrators for 
Rlranometers and Net Radiometers - 
The relatively high impedance and low 
signal of thermopile sensors. excludin 
silicon photovoltaic cells, limits their 
use with both indicating meters and 
recording meters. Electronic strip chart 
millivoh potentiometric recorders in- 
corporating variable-range rheostats 
are preferred. The variable-range 
rheostat permits the exact matching of 
the recorder scale to interchangeable 
sensors so that deflections of the meter 
represent engineering units. #.e.. W/m’. 
cal/cmz.min. etc. The alternative IS a 
standard millivolt-meter potentiometric 
recorder where the data. in millivolts. 
must be translated to units of energy, 
corresponding to full-scale values of 
1370 W/m2 or 1.96 cat /cm2.rnin. With 
some sensors, it is necessary to use a 
preamplifier to increase the level of the 
signal. It may also be necessary. 
especially if the signal is to be used as 
an input to a computer, to combine 
preamp1 ification with scaling . 

2.6.2 Procurement 
In purchasing a solar radiation 

measurement system. follow the general 
guidelines advanced in Section 2.2 1 
‘Instrument Procurement.” Many types 
of radiation instruments have been 
developed, especially in recent years 
because of an increasing interest I 

environmental considerations (Gates. 
1962). meteorological research IMon- 
teith. 1972). and solar energy (Carter. et 
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Figure 2.6.3. Features of a typicalpyrheliometer and tracking mount (Carter et 
al.. 1977). 

at., 1977). Except for special studies, the 
requirements for relating radiation to 
stability can be satisfied by purchasing 
sensors of Class 2 or Class 3 as 
identified by the WMO. Class 2 sensors 
offer the advantage of providing data 
comparable to that collected at National 
Weather Service stations and at key 
locations of DOE. The sensors to be 
specified should be commercially avail- 
able, field proven by the manufacturer 
for several years, and havethe technical 
requirements es tab1 is hed by WM 0 
standards. An American Society for 
Testing and Materials (ASTM) standard 
is now under consideration. When 
purchasing a recorder or integrator, one 
must match the calibration factor or 
sensitivity of the sensor to the readout 
equipment. It must be recognized that 
the signals from net radiometers, in 
contrast to pyranometers, require zero- 
offset capability to accommodate both 
negative and positive voltage outputs. 

2.6.3 Acceptance Testing 
Follow the general guidelines set 

forth in Section 2.2.2. “Acceptance 
Testing.” Physical inspection of the 
relatively fragile pyranometers or net 
radiometers immediately after delivery 
of the instrument is important. One 
must be sure that the calibration data 

have been received and that the data 
correspond to the serial number of the 
instrument. Storage of this information 
will prove helpful when the time comes 
to have the calibration of the instrument 
checked, or to replace the sensor or 
readout device. Few organizations are 
equipped or staffed to bench-test a 
radiometer to verify calibration, but a 
quick determination can be made 
indoors as to whether the sensor and 
recorder or integrator system is operating 
by exposing the sensor to the light of a 
tungsten lamp. It may be necessary to 
place the instrument fairly close to the 
lamp. Covering the sensor for several 
hours will ensure that the system is not 
“dark counting.” 

2.6.4 Calibration 
Refer to the general n6tes in Section 

2.2.3, “Calibrations.” The user of a 
pyranometer or net  radiometer is  
normally not equipped to calibrate the 
sensor. The best the user can do is to 
perform field calibration checks on two 
clear sky days. These checks involve a 
side-by-side comparison of the sensor 
to a sensor of similar design, the 
calibration of which can be traced t o  a 
transfer standard. The primary standard 
pyrheliometer is an instrument selected 
by an international committee. It was 

made by Jet Propulsion Lab. (JPL) 
where custody is maintained. If this is 
not possible, the device should be 
returned to the manufacturer or to a 
laboratory with the facilities to  check 
the calibration. Thefrequencyof making 
comparative readings or having factory 
calibrations wil l  depend on. environ- 
mental conditions. Most certainly, any 
indication of discoloration or peeling of 
the blackened surface or of scratches on 
the hemispheres of a pyranometer 
warrants recalibration and/or service. 

Net radiometers are more delicate 
and require more frequent attention 
than pyranometers. Pyranometers of 
high quality in a clean atmosphere may 
require recalibration at 2-year intervals; 
net radiometers should be recalibrated 
at least yearly. Calibrating the recorder 
or integrator is an easy task. The 
standard method involves the use of a 
precision potentiometer to impress 
known voltages into the circuit. The 
linearity of the readout instrument may - 
be checked by introducing a series of 
voltages covering the full scale, checking 
first up-scale and then downscale 
Adjustments should be made as neces- 
sary. In the absence of a precision 
potentiometer, it may be possible to 
introduce a calibrated millivolt source 
that covers one or two points. Integrators 
can be checked the same way, except 
that the input value must also be timed. 

2.6.5 Installation 
Follow the general guidelines set 

forth in Section 2.2.6, “Preparation for 
Field Installation.” The site selected for 
an upward-looking pyranometer should 
be free from any obstruction above the 
plane of the sensor and should be 
readily accessible for cleantng and 
maintenance. It should be located so 
that no shadows will be cast on the 
device, so that it is not too close to Iight- 
colored walls or other objects likely to 
reflect sunlight. and so that It IS not 
exposed to artificial radiation sources A 
flat roof is usually a good choice: but i f  
such a site is not possible, a rigid stand 
with a horizontal surface some dlstance 
from buildings or other obstructions 
should be used. A site survey of the 
angular elevation above the plane of the 
radiometer surface should be made 
through 360  degrees (The Eppley 
Laboratory, lnc.). 

Table 2.6. I .  Classification of Pyranometers According to Ph ysical Response Characteristics 

Sensitivit Temperature Linearity Time Const Cosine Resp 
fm W/cm r ) Ph) Phl fmax ) P?OJ 

1st Class fO. 7 - - 1  51 25 s 13 0 
2nd Class fO 5 22 9 I m  =5 7 
3rd Class f l 0  r 5  r 3  4 m  Z10 
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The m m  procedures and precsu- 
t iom should k followed for net radiom- 
etora thmt are both upward- and down- 
ward-looking. However, the instrument 
m w t  be supported on an arm extending 
from a vertical support about 1 m above 
the ground. Except for net radiometers 
with heavy-duty domes, which are 
installed with a desiccant tube in series 
with the somr chamber, most other 
hemiaphma . I net radiometers require 
the positive prossure of a gas-usually 
nitrogen-to both maintain the sham of 
the pdy.thykne domes and purge the 
are8 surrounding the thermopile. In OM) 
incnrdngly popular design, there is a 
requirwmnt for internal purging with 
nitrogen and external ventilation with 
compressed air through hdes on the 
framo. The compressed air supply mini- 
mi= fogging and condensation. 

Precautions must be taken to avoid 
subjecting r8diometen to mechanical 
shock during installation. They should 
be instsled securely and leveled using 
the circular spirit level attached to the 
instrument. Net radiometers are difficult 
to mount and to maintain free of 
vibration. Pyranometers of the Moll- 
Gorzynski &sign, used extensively by 
Atmospheric Environmental Sciences 
(AES) of Canada, are oriented so that the 
emerging leads face north (Figure 
2.6.4). This minimizes solar heat on the 
electrical connections of an instrument 
that is not tomperature compensated. 
The thermopiles of these instruments 
should be oriented so that the long side 
of the thermopile points east and west 
(Latimer, 1972). The cable used to 
connect the manometer to the readout 
device, rscorder. or integrator should be 

b e w e n  16 and 20 gauge and made of 
shielded, waterproofed 2-conductor 
copper wire. The sensor, shield, and 
readout device should be connected to a 
common ground. Potentiometric milli- 
volt recorders are to be used with most 
high-impedance. low-signal thermopile 
radiometers. Cable lengths of 300 m or 
more are practical. Galvanometric 
recorders can be wed with silrcon cell 
radiometers. Soldsrsd, copper-to-copper 
junctions between instrument connec- 
tors and/or cables are essential. 
Plranographs or actinographs should 
be installed on a Ieml surface immune 
to shadows. These instruments should 
be placed in such a way that the 

rial deposited on the surface that will 

this is a daily operation The 
intercept the radiatlon In most cases, 

hemsphere should be wiped clean and 
dry with a lint-free soft cloth Any 
scratching of the surface will alter the 
transmission properties of the glass. SO 
cleaning must be done with care If 
frozen snow, glazed ice. hoarfrost or 
rime ice IS present, an attempt should be 
made to remove the deposit carefully 
with warmed cloths 

Should the internal surface of a 
pyrmometer’s outer hemisphere be- 
come coated with moisture, it can be 
cleaned by carefully removing the outer 
hemisphere on a dry day and allowing 

sensitive bimetallic strips lie within 2 - the air to evaporate the If 
desrees of true east and west with the removal of a hemisphere exposes the 
dass inswctioo facing north. thermopile element, extreme care 

2.6.6 Field Operation of a Soler ~ 

Radiation System 
As part of the quality assurance 

program, a f ield calibration check 
should be performed at least once every 
6 months according to the procedures 
outlined in Section 2.6.4. Sdar radiation 
instruments require almost daily atten- 
tion. The data should be inspected for a 
reasonable diurnal pattern and the 
absence of dark counting. Where strip 
chart or digital prinmrs are used, daily 
time checks are desirable. Data retrieval 
will depend upon program objectives; 
but even for climatological programs, 
data should be collected monthly. All 
operational activities during a site visa 
should be logged. 

2.6.7 Preventive Maintenance 
A I I types of rad io meters require 

frequent cleaning to remove any mate- 

2.6.0 Adi t  Procedures 
Refer to Section 2.2 4. ”‘Audits.” for 

general guidelines A performance 
audit on a solar radration system is only 
practical wth a CTS The CTS must have 
the spectral response and exposure 
equivalent to the instrument being 
audited. One diurnal cycle will establish 
an estimate of accuracy sufficient for 
most air qualny monitoring applications 
The method of reporting the data from 
the monitoring instrument (daily inte- 
grated value. hourly integrated value, 
average intensity per hour, etc ) must be 
used in reducing the data from the CTS 
to provide a meaningful comparison An 
audit frequency of at least six months is 
recommended Figuro 2.6.4. A Moll-Gorczynskt solartmeter {Department of the Army. 19751 

- = 10 in. L 

should be taken because it is fragile and 
easily damaged About once each 
month, the desiccant installed in most 
pyranometers should be inspected 
Whenever the silica gel drying agent is 
pink or white instead of blue, it should 
be replaced or rejuvenated by drying it 
out on a pan in 135OC oven The level 
should be checked after each servicing 
of the radiometer. or at least monthly 
Significant errors can result from 
misalignment 

Net radiometers require more fre- 
quent maintenance attention than 
pyranometers It is necessary to replace 
the polyethylene domes as often as 
t w o  a year or more before the domes 
become discolored. distorted, or cracked 
More frequent replacement is necessary 
in polluted environments due to accele- 
rated degradation of plastw: hemispheres 
when exposed to pollutants A daily 
maintenance schedule is essential to 
check on the proper flow of gas in 
instruments that are inflated and 
purged with nitrogen All PM activities 
should be recorded in a log 
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2.7 Precipitation 

By definition, 'The total amount of 
precipitation which reaches the ground 

. in a stated period is expressed as the 
depth to wh ich  i t  would cover a 
horizontal projection of the earth's 
surface i f  there were no loss by 
evaporation or run-off and if any part of 
the precipitation falling as snow or ice 
were melted" IWMO. 1969). In any 
method of precipitation measurement, 
the aim should be to obtain a sample 
that is representative of the fall in the 
area. A t  the outset, it should be 
recognized that the extrapolation of 
precipitation amounts from a single 
location to represent an entire region is 
an assumption that i s  statistically 
questionable. A network of stations 
with a density suitable to the inves- 
tigation is preferable. 

Precipitation collectors are of two 
basic types: nonrecording and record- 
ing.. 

Nonrecording Gages - In its simplest 
form, a precipitation gage consists of a 
cylinder, such as a can with straight 
sides. closed at one end and open at the 
other. The depth of the liquid in the can 
can be measured with a measuring stick 
calibrated in subdwisions of centimeters 
or inches (Figure 2.7.1). 
To obtain greater resolution. as in the 

case of the standard 8-inch gage made 
to NWS Specification No. 450.2301, the 
gage is constructed with a ratio of 1O:l 
between the area of the outside collec- 
torcylinder and the inside measuring 
tube. The funnel attached to the 
collector both directs the precipitation 
into the tube and minimizes evaporation 
loss. Amounts in excess of two inches of 
rainfall overflow into the outer can, and 
al l  measurements of liquid and melted 
precipitation are made in the measuring 
tube with a measuring stick 

The automatic det!dry precipitation 
collector, available in several designs, 
represents a specialized nonrecording 
instrument designed for programs 
involving the chemical and/or radio- 
active analysis of precipitation. The 
collector is built with a sensor that 
detects the onset and cessation of 
precipitation and auromatically releases 
a lid to open and cover the collector. In 
one design, the lid can be made to 
remain open during either wet or dry 
periods Another model IS made with 

o collectors; the Ira is made ro cover 
e bucket during periods of rain and 

kind involving nrecipitation cnemistrv 
!!le volume o i  water in Drooortion to t h i  

{% 

'* :now (Figure 2 7.2)  tnequiomenrof this 

- +PI- -- 4 \ 

Figure 2.7. ? . A typical standard rain gage @elfort Instrument Compan y l  

Figure 2.7.2. Automatic wet/dry precbitarion collector 

constituems collected with the water IS 

important, so evaporation must be kepi 
to a minimum 

Recording Gages ~ Recording gages 
are of two basic designs based on their 
operating principles the weighing-type 
gage and the tipping oucket-type gage 
(Figure 2 7 3) Tne former when made 
to NWS Specification No 450 2201 IS 
known as the Universal gage inaicatina 
usage for both liauid and frozen Drecio 
ration There are ootions for me remote 
transmission of signals trom tnis rvDe c' 
gage The stanaard National Vvearw,  
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Service Tipping Bucket Rain Gaae 15 

designed wi th  a 12- inch c o i i e c t o '  
funnel that directs m e  precipitation ;o 6 

small outlet directlv over rwo equa 
compartments. or DucKe!s w n m  t l i r  in 
sequence witn eacn 001 incies O*  

rainfall The motion of tne nbcKe!- 
causes a mercurb swt rc i  c i o s u ' ~  
Normally operatec on 6 L' c - i 
conracr closure can DP rnoni iore i  
visual counrer ana or o l e  G* > e v e r -  
recorders Tne aioiral-rvoe ImDuIsc L S  

ais0 De usea wirn cornDuter-com3arlD - 
ea u in me n 
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Figure 2.7.3. A typical weighing rain gage (left) and typical tipping bucket rain gage (8*ffort Instrument Company). 

2.7.1.1 Instrument Characteristics - 
The most accurate precipitation gage is 
the indicating-type gage However, the 
recording-type gage measures the time 
of beginning and ending of rainfall and 
rate of fall. The Universal weighinggage 
incorporates a chart drum that is made 
to rotate by either an 8-day spring- 
wound clock or a battery-powered clack. 
Recent developments include a unit 
wth a quartz crystal mechanism with 
war  shafts for. a wide range of rotation 
periods from half a day to one month 

The weighing gage is sometimes 
identifled by the name of its designer 
(Fergurson) and comes with one of two 
recording mechanisms In the single 
traverse unit. the pen moves from the 
base of the drum to the top, typically a 
water equivalent of 6 inches In a dual 
traverse unit. the pen moves up and 
then down for a toral of 12 inches of 
precipitatton A uariation of the weighing 
gage, a “high capacity’ design with dual 
traverse, will collect as much as 760 
mm or 30 inches To minimize the 
OSCillal~mS incurred by strong winds on 

the balance mechanism, weighing 
gages are fittedwith a damper immersed 
in silicone fluid. By incorporating a 
potentiometer in the mechanism, the 
gage becomes a remote transmitting 
unit, capable of providing a resistance 
or, as another refinement, a voltage 
proportional to the amount d precip- 
itation collected. Linearity of response 
is usually a factory adjustment involving 
the use of calibrated weights tosimulate 
precipitation amounts. In spite of 
manufacturer’s specifications, it is 
doubtful that the gage can resolve 0.01 
inches, especially when the bucket is 
nearly empty. 

In the tipping bucket gage, the 
balance of the buckets and the leveling 
of the bucket frame are critical. Low 
voltage at the gage is imperative for 
reasons of safety. Power is typically 6 V 
d.c.. The signal is provided by a switch 
closure each time the bucket assembly 
tips (0.01 inches of rainfall per bucket) 
Rain rates are calculated from an evenr 
recorder with pens energized sequen- 
tially to improve resolution. The tipping 
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bucket (a mechanical device) takes time 
to tilt from one position to the next 
When the rate of fall is high. there is 
spillage and the unmeasured precipita- 
tion falls into the reservoir Where there 
is a need for greater accuracy, the 
collectd water is measured manually 
and excess amounts are allocated 
proportionately in the record The 
accuracy of the gage IS gwen as 1 
percent for rainfall rates of 1 in/hr or 
less; 4 percent for rates of 3 in/hr, and 6 
percent for rates up to 6 in/hr 

2.7.1.2 Windshields and Heaters - 
Accuracy of measurement for all types 
of gager I influenced perhaps more by 
exposure than by variations in design 
Windshields represent an essential 
accessory to improve the catch of 
precipitation. especially snow in windy 
conditions The improved Alter design. 
made of 32 free-swinging but separated 
leaves supported 1,’2 inch above the 
level of the gage collecting orifice IS an 
effective way lo improve the catch In a 
comparison of shielded and unshielded 



8-inch gages, it has been shown that at 
a wind speed of 5 mph, the efficiencyof 
the unshielded gage decreases by 25 
percent, and at lOmph, theefficiencyof 
the gage decreases by 40 percent 
(Weiss. 1961 I. 

In belowfreezing conditions when the 
catch in a gage is snow or some other 
form of solid precipitation, it is necessary 
to remove the collector/ funnel of 
nonrecording gages and the funnel in 
recording gages. Some instruments are 
available with built-in heater elements 
that are themcstatically controlled. An 
effective heater for conditions that are 
not too severe is an incandescent lamp 
installed in the housing of the gage. 
Caution should be exercised. however, 
as too great a heat will result in 
evaporative loss. 

2.7.1.3 Precipitation Data Require- 
ments-In research studies, especially 
those related to acid rain, the instru- 
ment used most frequently is the 
Automatic Precipitation Collector with 
one or two collecting buckets and a 
cover to prevent evaporation. In opera- 
tional activities, the choice is between 
the weighing gage and the tipping 
bucket gage. For climatological surveys, 
the choice might include one of the 
above gages as well as a nonrecording 
ype gage. The use of a windshield is 
ecommended to minimize the errors 

that result from windy conditions if the 
application requires maximum accuracy. 

made in air quality monitoring stations 
is frequently used for descriptive 
purposes or for episodal analysis. If 
the effort required to achieve the level 
of accuracy specified by most manu- 
facturers of electrical recording gages is 
more than the application of the data 
can justify, a tolerance of 10 percent 
may be adequate. * 

2.7.2 Procurement 
In purchasing a suitable precipitation 

measuring sytem, follow the general 
guidelines set forth in Section 2.2.1, 
'Instrument Procurement." A variety of 
gages are available commercially. In 
general, the standards established by 
NWS specifications result in the fewest 
problems. For example, there are 
numerous 8-inch gages available, but 
those following NWS specifications are 
made onlyof brassandcopper,are more 
durable, and are reported to rupture less 
frequently under extended freezing 
conditions than those made of galva- 

The precipitation measurement 

nized steel 
he procurement of a weighing-type 
e should include a tripod mounting 

base as well as a set of calibration 
weights For locations tharmay not be 
readily accessible. or for locations with 

heavy precipitation, the bucket of the 
weighing gage should have an  overflow 
tube. If the resolution of time is not too 
important, recording rain gages of the 
drum type can be obtained with monthly 
rather than weekly mechanisms. Unless 
the tipping bucket gage is equipped with 
a heater, it is of no use for frozen 
precipitation. 

2.7.3 Acceptance Testing 
Follow the general guidelines advanced 

in Section 2.2.2, "Acceptance Testing." 
Except for visual inspection, nonrecord- 
ing gages do not require acceptance 
testing. The weighing gages should be 
assembled and given a quick "bench- 
top" calibration check using standard 
weights or a measured volume of water. 
In addition, the clock mechanism 
supplied w i th  the gage should be 
checked for at least a couple of days, 
preferably a week. The tipping bucket 
gage should also be bench tested, 
primarily to be certain that the bucket 
mechanism assembly is balanced and 
that the switch is operational. 

2.7.4 Calibration 
Bench calibrations should follow the 

recommendation of the manufacturer. 
The electrical output gage or the drum 
record ing gage measures weight ,  
whether total weight in the case of the 
"weighing gage" or increments of 
weight in the case of the tipping bucket 
gage. Density of water is assumed so 
the weight can be expressed in units of 
volume or depth assuming the area of 
the collector opening. Calibrations of 
the measurement apparatus can be 
based upon the introduction of known 
volumes of water. For rate-sensitive 
systems such as the tipping bucket, the 
rateof simulaed precipitation should be 
kept less than one inch per hour 
Calibrations require properly leveled 
weighing systems (gages) whether on 
the bench or in the field. 

2.7.5 tnstallation 
Follow the general guidelines set 

forth in Section 2.2.6, "Preparation for 
Field Installation," and siring guidance 
described in Section 3. 

The support, or base, of any gage 
mustbe firmlyanchored. preferablyona 
level surface so that the sides of the 
gage are vertical and the collector is 
horizontal. The collector can be checked 
with a carpenter's level placed at two 
intersecting positions. The level of the 
bucket assembly on the tipping bucket 
gage is also critical and should also be 
checked along its length'and width 

Once the weighing gage is installed. 
the silicone fluid should be poured into 
the damping cylinder as required. The 
pen of the drum recording type is inked 

to less than capacity because the ink 
used is hygroscopic and expands with 
increasing humidity. easily spilling over 
on the chart. The final calibration check 
with standard wgights or suitable 
substitute should be made at this time. 
To check the operation of the tipping 
bucket, the best approach is to put a 
known quantity of water in a can with a 
small hole so that the slow flow can be 
timed. It may be necessary to adjust the 
set screws, which act as limits to the 
travel of the tilting buckets. The average 
of a minimum of ten tips should be used. 
Adjustment is required if a 1 Opercent or 
greater error is found or if greater 
accuracy is needed. 

2.7.6 Field Operation of a 
Precipitation Measurement System . 

Calibration checks for weighing and 
tipping bucket gages using the techni- 
ques described above are recommended 
at 6-month intervals. Nonrecording 
gages, whether alone or in a network, 

' should be read daily a t  a standard time. 
Although the weighing gage is used 

for liquid and frozen precipitation, it 
requires some special attention for 
winter operations. First. the funnel 
must be removed when snow is expected. 
Second, the bucket must be charged 
with an antifreeze, 24 oz of ethylene 
glycol mixed with 8 oz of oil. The weight 
of this mixture represents the baseline 
from which precipitation amounts are to 
be-noted. The bucket should be emptied 
and recharged when necessary, at 
about 5 inches in the Universal gage, 
and at about 10 inches in the punched 
tape gage. Al l  operational activities 
should be recorded in the station log 

2.7.7 Preventive Maintenance 
Possible leaks in the measuring tube 

or theoverflowcontainer ofthe gage are 
easily checked The receptacles are 
partially filled with water colored with 
red ink and placed over a piece of 
newspaper This procedure is especially 
applicable to the clear plastic 4-inch 
gage which is more easily damaged 
Repairs are performed by soldering the 
8-inch gage and by applying a solvent to 
the plastic 

A number of pens, some with greater 
capacity than others, can be used with 
the Universal gage All require occa- 
sional cleaning. including a good 
soakingandwiping ina mixtureof water 
and detergent After inking problems. 
the next source of trouble is the chart 
drive; but these problems can sometimes 
be avoided by having the clock drive 
lubricated for the environmental condi- 
tions expected It is a good practice to 
have spare clocks in stock 

Routine visual checks of the perform- 
ance of weighing type gages should 

L . )  
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.be made overy time there is a chart 
change. The time and date of change, 
and site lowtion should be documented. 
Routine maintenance should include 
inking the pen and winding the clock. 
Battery-powered chart drives wil l  
require pertodic replacement of batteries 
based on either experience or manu- 
facturer’s recommendations. All PM 
activities should be logged. 

2.7.8 Audit Procedures 
Refer to Section 2.2.4, ”Audits.” for 

general guidelines. Audits on precipita- 
tion measuring systems need be no 
more frequent than every 6 months. The 
irregular Occurrence of precipitation 
makes ttte use of a CTS impractical. The 
performortco audit should depend upon 
the challenging of the gage with 
amounts of waer known to an accuracy 
of at least 1 percent of the total to be 
used. This method wil l  provide an 
accuracy of the measurement system 
but not the collection effictency of the 
gage in natural precipitation. for tipping 
bucket gages we a rate of less than one 
inch per hour and an amount which will 
cause a minimum of ten tips. 

for weighing gages, i t  is more 
convenient to use calibration weights to 
challenge the weighing mechanism 
rather than using the gallons of water 
necessary for full scale testing. 

0001 4 6 ’  
28 

e 



Section 3.0 
Methods for Judging Suitability of Sensor Siting * 

3.1 Introduction 
Although good instrumentation is a 

necessity, proper site selection is 
critical to obtain good meteorological 
data. It is, from an absolute error point of 
view, much more important than proper 
placement of any other kind of air 
monitoring equipment. Poor placement 
can and has caused errors of 180° in 
wind direction, and can came major 
errors in any other meteorological 
variable, including wind speed. tem- 
perature, humidity, and solar radiation. 

The purpose of this section is to offer 
guidance in assessing the suitability of 
meteorological monitoring sites. The 
guidance given is based principally on 
standards set by the World Meteoro- 
logical Organization (WMO, 1971) and 
Federal agencies involved in meteoro- 
logical data collection (U. S. National 
Weather Service [NWS] and the Ten- 
nessee Valley Authority [TVA, 19771). 

Proper siting is part of the totalquality 
control program. Of course, as in many 
other monitoring activities, the ideal 
may not be attainable and, in many 
urban areas where air quality studies 
are traditionally done, it will be impossible 
to find sites that meet all of the siting 
criteria. In those cases, compromises 
must be made. The important thing to 
realize is that the data will be compro- 
mised, but not necessarily in a random 
way. It is incumbent upon the agency 
gathering the data to describe carefully 
the deficiencies in the site and, if 
possible, quantify or at least evaluate 
the probable consequences to the data. 

3.2 Instrument Siting 
The primary objective of instrument 

siting is to place the instrument in a 
location where it. can make precise 
measurements that are representative 
of the general state of the atmosphere in 
that area. Because most atmospheric 
properties change dramatically with 
height and surroundtngs, certain some- 
what arbitrary conventions must be 
observed so that measurements can be 
compared. In this section, conventions 
published by the World Meteorological 
Organization (WMO, 1971 ) have been 

accessibility and security must be taken 
into account, but should not be allowed 
to compromise data quality 

opted wherever possible e* Secondary considerations such as 

3.2.1 Wind Speed and Direction 

"The standard exposure of wind 
instruments over level, open terrain is 
10 m above the ground" (WMO, 1971 1. 
Open terrain is defined as an area 
where the distance between the instru- 
ment and any obstruction is at least ten 
(10) times the heightofthatobstruction. 
An obstruction may be man-made (such 
as a building) or natural (such as a tree) 
(Figure 3.2.1). 

The wind instrument should be 
securely mounted on a mast that will 
not twist, rotate, or sway. 

If it is necessary to mount the wind 
instrument on a roof of a building, it 
should be mounted high enough to be 
out of the area in which the air flow is 
disturbed by the building. This is usually 
1.5 times the height of the building. If it 
is impossible to obtain the proper 
unobstructed exposure through hori- 
zontal relocation of the measurement 
site, it may be necessary to raise the 
height of the instrument so that it isout 
of the wake of.the obstruction. This is 
not a good practice, however, and 
should only be resorted to when 
absolutely necessary. Sensor height 
and its height above obstructions, as 

well as the character of nearby obstruc- 
tions, should be documented. 

3.2.2 Temperature and Humidity 
Temperature and humidity sensors 

should be mounted over a plot of open 
level ground a t  least 9 meters in 
diameter. The ground surface should be 
covered with short grass or, in areas 
where grass does not grow, natural 
earth. The surface must not be concrete 
or asphalt. The standard height for 
climatological purposes is 1.25 to 2 m, 
but different heights may frequently be 
required in air quality studies. 

obstructions such as trees and/or 
buildings than a distance equal to four 
times their height. They should be at 
least 30 m from large paved areas and 
not close to steep slopes, ridges, or 
hollows. Areasof standing water should 
also be avoided. 

Louvered instrument shelters should 
be oriented with the door opening 
toward true north. 

3.2.3 Radiation 
Solar and whole sky radiation mea- 

surements should be taken In a location 
free from any obstruction ta the mea- 

The sensors should not be closer to . 

I l 

I 
f I 
i 

Figure 3.2.1. Siting windinstruments: a IO-m tower. located at least IO times 
the height of obstructions away from thoseiobstructions (not to  
scale). 
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sureinents. This meqns there should be 
nothing above the horizontal plans of 
the sensing a m e n t  that wuld cast a 
shadow on it. Neither should the 
instrument be near light colored walls 
or artificial sources of radiation. Usually 
a tall platform or roof of a building is the 
most suitable location. 

3.2.4 Prem.#aUion 
A rain gage should be mounted on 

level ground so that the mouth or 
opening is horizontal. The gage should 
be shieldedfrom the wind but not put in 
an area whore there will be excessive 
turbulence caused by the shield. For 
example, a good location would be an 
opening in an orchard or grove of trees 
whore the wind speed near the ground 
is reduced due to the canopy effect, but 
a location that is mostly open except for 
one or two trees would not be good 
became of the strong eddies that could 
be set up by the trees. This admittedly 
requires a good deal of subjective 
judgment but it cannot be avoided. 
Obstructions to the wind should not be 

. closer than two to four times the 
obstruction height from the instrument. 

In open areas, a wind shield such as 
that used by the U.S. National Weather 
Service should be used. 

The ground surface around the rain 
gage may be natural vegetation or 
gravel. It should not be paved, as this 
may cause splashing into the gage. The 
gage should be mounted a minimum of 
30 cm above the ground and should be 
high enough so that it wil l not be 
covered by snow. 

3.2.5 Meteorological Towers It is 
frequently necessary to measure some 
meteorological variables at more than 
one height. For continuous measure- 
ments or where the height requirement 
is not too restrictive, towers may offer 
the most advantageous measurement 
platform. 

Towers should be located in an open 
level area (see Table 3.2.1 ) representa- 
tive of the area under study. In terrain 
with significant topographic features, 
different levels of the tower may be 
under the influence of different mete- 
orological regimes at the same time. 
Such regimes should be well docu- 
mented. 

Towers should be of the open grid 
type of construction, such as istypical of 
most television and radio broadcast 
towers. Enclosed towers, stacks. water 
storage tanks, grain elevators, cooling 
towers, and similar structures should 
not be used (Mollo-Christensen. 1979). 
Towers must be rugged enough so that 
they may be safelyclimbed to install and 
service the instruments. Folding or 
collapsible towers that require the 

- 
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instruments to be serviced or calibrated 
at the ground are not acceptable 
because they are usually not rigid 
enough to ensure that the instruments 
will be in the proper orientation. 

Instruments should be mounted on 
booms projecting brizontalb out from 
the tower. Wind instruments should be 
mounted on a boom that will hold it a 
distance equal to twice the maximum 
diameter or diagonal of the tower away 
from the nearest point on the t m r .  The 
boom should project into me prevailing 
wind (e.g., toward the north if the 
prevailing wind b from the north) if this 
can be done ambiiuously. One may 
wish to c m i d e r  having two sets of 
instruments at each level, located on 
opposite sides of the tower. A simple 
automatic switch can choose which S8t 

mentation of the tower should include 
the orientation of the booms. 

Temperatus msocs must be mounted 
on booms m hold them away from the 
tower. but a boom length equal to the 
diameter of the tower is sufficient. 
Temperature sensors should have 
downward facing aspirated shields. 

The booms must be strong enough so 
that they will not sway or vibrate 
excessively in strong winds. The best 
vertical location on the tower for the 
sensors is at a point with a minimum 
number of diagonal cross members. and 
away from major horizontal cross 
members. Even with these precautions. 
data obtained while the wind Mows 
from the sector transected by the tower 
may not be free from error. 

These instrument siting suggestions 
may seem to preclude the use of many 
air monitoring sites that otherwise 
would be desirable, but this need not be 
the case. In siting air quality monitors 
that are to be used for long-term trend 
analysis or large geographic area 
coverage, it may be perfectly acceptable 
to have some or all of the meteorological 
equipment at a different location that 
better meets the large-scale require- 
ments of the study. As long asbothsites 
are in the same area of interest and 
meet their respective siting criteria, this 

Of data to use (NASA. 1968). DOCU- 

shodd present no problems. When the 
air quality data are to be used for short- 
term diffusion model validation or 

spmcific sources. however, a meteoro- 
logical station should be located in the 
vicinity of the air quality sensor. 

studies or short-term levels fro # 
3.3 Station Siting 

Besides care in selecting the local 
environment of a meteorological sensor. 
tt is important that care be taken in 
selocting statmn location with respect 
to major man-made and topographic 
features such as cities. mountains, 
large bobas of water, etc. Meteorologml 
variables are obnously affected by the 
large-scale surrounding features The 
effm of caes has been studied exten- 
SI* (Ito, 1972; Vukawch, 1971, U s 
PHS, 1961). Documented effects include 
a decrease in an average wind speed, 
decrease in atmospheric stability, 
increase in  turbulence, increase in 
temperature. and changes in precipita- 
tion patterns These changes wi l l  
obviously have an effect on the evalua- 
tion and interpretation of meteorological 
and air quality data taken in an urban 
area. 

Even more pronouncedare the effects 
of large natural features (Slade, 1968) 
Besides their obvlous effect on humidity. 
Oceans and large bodies of water ar 
usually at a different temperature t h a m  
the nearby land This generates the well 
known land- and sea-breezes which, in 
many coastal areas, dominate the wind 
patterns There are also often simulta- 
ne0t.S ddferences in cloud cover between 
the oceans and nearby land surfaces 
Thrs difference in thermal lag. insolation. 
and changes in surface roughness and 
ventcal temperature structure can have 
a profound effect on atmospheric 
stability (SethuRamm 1974) 

The effects of mountains and valleys 
on meteorological variables and atmos- 
pheric dispersion continue to be 
studied Two of the more interesting 
recent papers are by Kao (1974) and 
Hunt (1 9781 Well-known effects include 
the channeling of flow up or down a 
valley, the creation of drainage flow the 

8 

Tebk 3.21. Limits on Terrain and Obstacles Near. 
Towers 

Distance Slope Max. obstruction or 
from tower fno greater than) vegetation height 

/m) rn) lml 
0-15 22 0 3  
15-30 23 
30-100 I7 3 0  
100-300 - 1 1  IO x ht must be less tha 

distance to obstruction 

Source TVA. 1977 * 

0 5- 1 0 (most veg <O 3) 

mQ 
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establishment of lee-waves, and an 
increase in mechanically generated 0 turbulence. All of these effects and 
others can play a major role in the 
transport and dispersion of pollutants. 

The important point is that almost any 
physical object has an effect upon 
atmospheric motion. In fact, it i s  
probably impossible to find a site that is 
completely free from obstruction. This 
being the case, it is the responsibility of 
the person choosing a monitoring site to 
have in mind the various forces at work 
and to choose a site that will be most 
representative of the area of interest. If 
the area is a valley or a sea coast, then 
the meteorological instruments should 
be in that valley or nearthe coast; not on 
a nearby hilltop or inland 30 km at a 
more convenient airport site. Of course 
one must also keep in mind the vertical 
structure of the atmosphere. Winds 
measured at the bottom of a 100 m 
valley will not represent the winds at the 
top of a 200 m stack whose base 
happens to be in that valley. 

The choice of a station for meteoro- 
logical data collection must be made 
with a complete understanding of the 
large-scale geographic area, the sources 
being investigated. and the potential 
uses of the data. Then rational, informed 
choices can be made. 

Once they are made, the site should 
be completely documented. This should 
include both small- and large-scale site 
descriptions, local and topographic 
maps (1:24,OOO scale), photographs of 
the site (if possible), and a written 
description of the area that is adequately 
represented by this site. This last point 
is most important for it will allowa more 
rational interpretation of the data. It 
might state, for example. that a site 
adequately represents a certain section 
of a particular valley, the suburban part 
of a given city, or several rural counties. 
Whatever it is, the nature of the site 
should be clearly described in a way that 
will be clear to those who will be using 
the data in the future. 
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Section 4.0 
Meteorological Data Validation 

4.1 Methods 
Once dam are collected, they should 

be reviewed to screen out possible 
incorrect data points before they are put 
into accessible storage or passed on to 
the us8r. M i i e  the purpose of a 
program is to avoid the generation of 
bad data, it is impossible to do So 
completely. Even in the best planned 
and best conducted programs, unda 
tected errors can be generated by faulty 
equipment, noisy data transmission 
lines. faulty key punching, and a myriad 
ofotharsources. Filippov(1968)offena 
detailed and thorough discussion of the 
various possible sources of error. 

In both automatic (ADP) and manual 
data screening the most obviouschecks 
should beperformed first. These include 
such things as being sure that the data 
exist and are properly identified, the 
forms or files are filled out properly, that 
numbers are in the blocks where they 
should be, letters are where they should 
be, and blanks exist where nothing 
should be. This sort of data editing is a 
subject unto itself and will not be 
pursued here. 

Methods of editing or screening 
meteorological data usually involve 
comparison of the measured value with 
some expected value or rangeof values. 
Techniques for checking the measured 
value usually fall into one or more of the 
following categories: 
1. Comparison with upper and/or lower 

limit on the allowed range of the data; 
2. Comparison with known statistical 

distribution of !he data; 
3. Comparison with spatial and/or 

temporal data fields; and 
4. Comparison based upon known 

physcal relationships. 
A choice must also be made of what to 

do with the datum that does not pass a 
validation procedure. Basically there 
are two choices. eliminate the ques- 
tionable data from the file, or flag it for 
further examination. Automatically 
discarding data may be a viable, cost- 
effective option if the screening proce- 
dure-is carefully designed and each 
datum is not of high value. Records 
must be kept of discarded data so the 
reason for the fault can be found and 
corrected. Flagged data are examined 
and a decision made on their acceptabil- 
ity. If unacceptable, it may be possible to 
correct them or substitute a more 
reasonable value (Reynolds, 1979) 

, 

Corrected or substituted values should 
be so indicated in the data file, with an 
explanation of the substitution available 
to the user. Alternatively, data of 
questionable value may be kept in the 
data file under a flagged status, with a 
notation of why they are questionable. 
so that the user can make a decision as 
to their usefulness. This procedure is of 
questionable value to most users 
because the collecting agency is fre- 
quently in the best position to make a 
decision on the data. 

The range rest is the most common 
and simplest test. Data are checked to 
see if they fall within specified limits. 
The limits are vt ahead of time based 
usually upon historical data 01 physically 
impossible values. Some examples of 
reasonable range tests are rainfall rate 
greater than 10 in./hour or wind 
direction not betwen l o  and 360'. In 
setting the limits. one must take into 
consideration whether or not the 
system will select only outrageous, 
extreme (;.e., impossible) values usually 
caused by data handling errors (such as 
wind speeds greater than 100 m/s or 
less than zero) or just unusually high 
(i.e., possible) values, which should be 
examined further. This may require a 
further decision on just how extreme a 
value should be flagged. This decision 
should be based on the real impact of 
using extreme values should they be in 
error. Considerations of the cost of 
incorrect data, the possibility of correc- 
tion or substitution, or replacement by 
obtaining new data should be made. 
Unfortunately. the decision may also 
frequently be made on the available 
resources of those .who examine the 
flagged data. 

Comparison with known statistical 
distributions may involve comparison of 
means, standard deviations, means of 
extremes, or higher order statistics. For 
example, Lee and Stokes (1 978) report 
that their data base usually had kurtosis 
of approximately 3 with zero skewness. 
Any of their instruments. then. that 
showed a marked departure from these 
values were considered to be in need of 
further verification. (Additional research 
is needed to determine whether these 
or similar criteria could be used in other 
areas.) 

Lockhart ( 1979) suggests Compressing 
data into a densely packed graph where 
long-term (week. month, or Seasonal) 
patterns can be easily seen. Major 
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departures from these subjectively seen 
patterns can be noted and the data 
checked Although this method of data 
verificatlon is usually used to check a 
pamcular data set against a longer term 
climatology. it can also be used to check- 
individual values For example, one 
might compare a temperature reading 
wlth the monthly average maximum or 
minimum plus or minus (respectively) 
two or three standard deviations This 
technique obviously depends on a 
rdiable history or representative mea- 
surements being available from the Site 
and is ineffective for noting significant 
bng-terT changes in the instrument 

Screening data by comparison with 
fields of similar or related data IS 
commonly done when large amounts of 
datr are taken and when assumptions 
of spatial continuityof the meteorological 
vanable are physically reasonable The 
most easily visualized example of this is 
a field of atmospheric pressure mea- 
surements Any value can be compared 
with those in a large area around it 
either visually, or by numerical inter- 
polation Major deviations from the 
dominant pattern (a low pressure 
reading in the middle of a high pressure 
area) are not to be expected Of course. 
allowance must be made for meso- and 
micro-scale phenomena such as a 
shortwave or pressure jump area-ahead 
of a convective storm 

Not all meteorological fields can be 
expected to have the needed conrinuity 
Rainfall is a notorious example o f  
discontinuity or microscale variations 
Wind speed and direction can exhibit 
continuity on some spatial scales but 
care must be taken to account for the 
many effects, such as topography that 
can confuse the issue (See Section 3 

Interrelated fields can also be used to 
screen data Rainfall. for example. is 
unusual without clouds and high 
humidity while wind direction and 
speed, especially above the surface 
layer, are related to pressure gradients 

Ftelds of data in time, ratner than 
space, are also used to :neck datum 
points These checks are usually made 
on rates of change of the data Checks 
are made both on rates of change that 
are too high and not high enough For 
example atmospheric stabilitv IS no 
expected to change bv several classes 
within an hour A wind direction 
reading. however that does no; cnange 
at al l  for several hours mav inoicare that 
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the vane is stuck (assuming the wind 
speed is not zero) or that there is some 
other problem with the system. 

Screening checks can also be made to 
assure that physically improbable 
situations are not reported in the data. 
This kind of check is not commonlyused 
becauw of the wide variety of conditions 
that can occur in the atmosphere under 
extreme conditions. These unusual 
events would frequently be noted first 
by some of the statistical or range 
checks noted above. 

Some screening points of this type 
that are used include assuring that the 
dew point is not greater than the 
temperature, and that the lapse rate is 
not greater than the autoconvective 
lapse rate. Checks on stability class 
versus ti me (not a I lowi ng "strongly 
unstable" at night or "stable" during 
the day) may also be considered in this 
category. 

Table 4.1.1 gives examples of some of 
the data editing criteria used by three 
Federal agencies: the National Climatic 
Center, Kl int  ( 1  979); the Nuclear 
Regulatory Commission, Fairobent 
(1979); and the  Tennessee Valley 
Authority, Reynolds (1 978). Examination 
of the table shows some interesting 
differences that can be ascribed to the 
differing missions of the agencies. 
Because of their global concerns, the 
NCC must allow a far wider range of 
limits on fields such as temperature and 
humidity than does an agency wi th  
only local interest, such as TVA. On the 
other hand, the NCC has the data 
available to do spatial checks over a 
wider area than would be possible for 
many local study situations. Differences 
can also be noted depending on the type 
of data collection (spot readings once 
per hour or three hours versus con- 
tinuous recordings) and major interests 
(synoptic weather patterns versus 
stability). Filippov ( 1  968) gives an  
exhaustive review of checks used by 
weather services of many other coun- 
tries. 

4.2 Recommendations 

The following is a data validation 
system recommended for EMSLIRTP to 
replace the present sytem for screening 
meteorological data. It could be used to 
screen data gathered by EMSL, contrac- 
tors, or state and local agencies. The 
system takes into account the variable 
nature of EMSL's field activities It does 
not depend on, or have the advantages 
of, long-term mult istat ion network 
design. nor IS it labor intensive The 
basic goal is that of rapid identification 
of f ield problems, wi th  low value 
assigned to individual data points, thus 
aliowing the discard of questionable 

values. Flexibility is available, however, 
if an individual project's meteorological 
data are judged to warrant a more 
criticial approach. 

The flow of the system is shown in 
Figure 4.2.1. All data will go first 
through a hard copy auditinggrocedure 
designed to find data entry and keypunch 
errors. In the hard copy audit, a 
percentage of data points will be 
randomly selected for audit. A second, 
independent file of these values, as well 
as the hour just before and after the 
hour, will be created from the original 
hard copy. This file will be compared 
with the master file and discrepancies 
noted. If there are only a few random 
discrepancies, th'ese points will be 
eliminated from the system. If there are 
several, or there seems to be a systematic 
pattern of errors, the project office (the 
office responsible for gathering and 
reducing the data) wil l  be notified so 
that they can correct and re-enter the 
data and correct the data entry system. 

The data are next passed through a 
screening program, which is designed 
to note and flag questionable values. 
Flagged data will go to the laboratory 
meteorological office for review. There 
they will either be accepted, discarded, 
or returned to the project officer if there 
is a large amount of questionable data. 
That officer may accept, discard, or 
correct the data. The screening values 
are given in Table 4.2.1. They offer a 
combination of range, rate of change, 
and physical impossibility checks that 
are chosen to be reasonably restrictive. 
It is anticipated that some good data will 
be flagged, but that most data handling 
and gross instrument failure problems 
will be caught. 

Data that pass the screening program 
will go through a comparison program. 
This program will randomly select 
certain values for manual comparison 
w i th  information collected by the 
Nat ional Weather Service. In the  
selection process, one day and one hour 
will be chosen on which data from all 
stations in the network will be audited. 
One day in every 20 will be randomly 
chosen, and on that day, one hour 
between 5 and 9 a.m. (EST), will be 
randomly chosen. Data from that hour 
and day for all stations will be printed 
out by the audit program for the manual 
checks. The program will also make 
compressed time scale plot (20 days of 
hourly values on one line) for each 
parameter for the use of the validators. 

The data generated by the audit 
programs will first be compared with 
National Weather Service data to see if 
they f i t  reasonably well with synoptic 
conditions prevalent in that area. The 
meteorologist will choose the starions 

to be used in the verification. and train 
the data clerks in t he  subject ive 
comparison procedure. All questionable 
data will be given to the meteorologist 
for review as above. The variables to be 
checked in this way will include wind 
speed and direction. temperature, dew 
point, pressure, and occurrence of 
precipitation. 

Naturally, if the audit checks show a 
problem with one or more instruments, 
an attempt wil l  be made to identify the 
time range of that problem so that all 
questionable data can be found. Logs of 
bad data will also be kept and used to 
identify troublesome instruments and 
other problems. 

This system is suggested principally 
for EMSLIRTP. but may prove a useful 
starting place for state and local air 
pollution agencies wishing to develop a 
meteorological data validation procedure. 
The suggested system is very complete 
and will be evaluated over a period of 
time. Changes to the system may have- 
to be made, depending upon the needs 
and resources of the users. 
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T*bk 4.1. I. 

Date are d e d  or challenged for further review in verrOus systems if the editing criteria me met 01 exceedad 

>25 m/s (NRC) 
>50 kts (NCC) 
>20 kts and &ubles at next 3-hour observatlon (NCC) 
First 5 how& values within f0.2 m/hour of next 4 (WA) 

Examples of Data Editing Criteria 

Wind speed 

Wind direction 

Any recorded with calm wind speed (NCC) 
Same sector for more than 18 hours (NRC) 
First 5 within f 0 . 2 O  of next 4 (TKA) 

Temperature 

9OF > mean d8i& maximum for the month W A )  
9oF < mean daily minimum for the month FVA) 
X O O F  change in 1 hour at a site (TKA) 
First 5 hours within f 0 . 5 O F  of next 4 m/A) 
>1250F (NCC) 

I lOOF change in 1 hour or 2OOF change in 3 hours (NCC) 
Same temperature 12 or more hours (NRC) 

< - W F  INCC) 

. 
Dew point 

Dew point > temperature (TVA, NRC) 
Dew mint change > 7OF in 1 hour (WA) 
First 5 hours within +0.5OF of next 4 PYA) 
> 9 P F  (NCC) 

Temperature - dew point > 5OF during precipitation (NRC) 
Temperature = dew point more then 12 consecutive hours (NRC) 

Pressure 

< - W F  (NCC) 

>lo60 mb /sea level) (NCC) 
a 4 0  mb (see level) (NCC) 
Station pressure (inches Hg) + elevation (feet) x 10 -' C27.75 or >3 1.3 inches Hg (NCC) 
ch8nge of 6 mb or 0.2 inch Hg in 3 hours (WC) 

Vertical temperat-ure gradient and stability 

AT/& > l0C/10O m between 10 am and 5 pm ITVA) 
AT/& < -1 OC/lOO m between 6 pm and 5 am nVA)  
AT/& > 15aC/100 m (TVA) 
AT/Az < -3.4OC/lOO m lautoconvective lapse rate) (TVA. NRC) 
AT/& ch8nges sign twice in 3 hwrs (TVA) 

A. 8. E or G stability during precipitation (NRC) 
F or G stability during the day (NRC) 
A. B, or C stability during the night INRC) 
Chenge in st8bility of more than 3 classes between 2 consecutive hours (NRC) 
Same stability for > 12 hours (NRC) 
NCC = National Climatic Center (Klint. 7979) 
NRC ='Nude8r Regulatory Commission (Fairobent. 1979) 
TVA = Tennessee Valley Authority (Reynolds. 1978) 

0001  4 6 4  
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1 A cquisition/ 

Program 

\i& 4 , + I Processing I 
Procedures - Unvalidated '7' 

Project Office 

Data are to be: 

- - - - - - -- -- - 
Comparision of Data Determine if Suspect 
Selected Data 

with Data Obtained Approved. 
Independently from Corrected. 

Original Source or Deleted. 
I I I 

I 
Screening Program ----- 

1 
1 ComDsrison of i I SubietofData 

with N. W.S. Data 
I 

l ionable 

A I 
Final Data I 

Edit Data Corrections. 

1 
Approvals, or 
Deletions. 

Table 4.2.1. Suggested EMSL Screening Criteria 
\ \ - 

Data should be flagged if they meet or exceed the following 

Wind SDeed 

criteria. 

>20 m /s  ( 1  hour average) 
Unchanged for 12 or more consecutive hours iwithin 50 5 m/sj 

Any reported with calm or no wind speed 
Same loo sector for 18 or more consecutive hours 

3 5 O C  
<-35OC 
>e5' or <-5' C change/l hour 
Unchanged for 12 or more consecutive hours fwithin f 0 5TI 

> temperature at that hour (same location) 
>+3OC or <-3OC change11 hour 
Unchanged for 12 or more consecutive hours (within 0 5OC) 
= temperature for 12 or more consecutive hours (within 0 ?"C) 

>lo60 mb (sea level) 
a 4 0  mb (sea level) 
1+6 or <-6 mb chqnge/3 hours 

>15 cm/24 hours 
<5 cm/3  months 

Figure 4.2. I.. Schematic flow of decisions 
in EMSL data validation 
scheme. Wind direction 

Temperature 

Dew point 

Pressure 

Rainfall 

* 
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METHOD TO14 

1. 

2, 

RETERMINATION OF V O L A T I L E  ORGANIC COMPOUNOS (VOCS) IN AMBIEfCT AIR' 
USIN6 SUM&* PASSIVATm CANISTER SAHPLING AN0 6AS 

O1ROMATO6RAPHIC ANAtYSfS 

k o l n  

1.1 This docment describes a procedure f o r  ramp11 nq and a n a l y s i s  
o f  volatile organic  canpounds (VOCs) i n  ambient a i r .  The method 
i s  based on c o l l e c t i o n  o f  whole a i r  saraples i n  SUMMA. passivated 

by gas chraaatography and measured by mats- select ive d e t e c t o r  or 
m u l t i d e t e c t a r  techniques,  This method presents  procedures for 
sampling into & n i t t e n  to f i n a l  p ressu res  both above and below 
atauospheri c pressure  (respecti vel y referred ta as pressur i  zed 
and subatamspheric p r e s s u r e  s q l i  ng) , 

1.2 This method I s  app l i cab le  t o  specific VOCs-that have been tested 
and d a t e m i n u t t o  be stable when stored i n  pressur ized  and sub- 

which are ch lo r ina ted  VOCs, have been s u c c e s s f u l l y  tested f o r  
storage s t a b i l i t y  i n  pressur f t ed  c a n i s t e n  (1.2). However, 
minima\ doctmnentation is c u r r e n t l y  ava i l  ab le  demonstrating 
s t a b i l i t y  of VOCs i n  subatmospheric pressure c a n i s t e r s .  

1.3 The organic canpounds t h a t  have been successfully c o l l e n e d  i n  
pressurized c a n i s t e r s  by t h i s  method a r e  l isted i n  Table 1. 
These canpounds have been successfully qeasured a t  the parcs  per 
billion by volume (ppbv) l e v e l .  

. stainless steel c a n i s t e n ,  The VOCs are  subsequently separa ted  

. atmospher ic  pressure  canisten, Nu~nerour' cuupdunds, many of 

App 1 i cab 1 e Documents 

2.1 A S f M  Standards 

01350' - D e f i n i t i o n  o f  Terms ae la ted  t o  Atmospheric Samoling and 

E260 - Recommended P r a c t i c e  f o r  General Gas Chrmatogratiny 

E355 - Practice f o r  Gas Chranatography Terms and Re la t ionsh ips  

Anal ys i  s 

Procedures 

2.2 Other Documents 



. 

3.2 

3.3 

3 .I 

Both subatamspheric pressure and prrrsurlzd saapllng llpdes use 
M inltiilly evacuated canister a d  a pupmntilattd sample line 
during saqh wl~~cflorr. Pressurized $-ling requfrrr an addi- 

tiondl pump t o  provide positive pmssure to the  s q l t  canister, 
A sample ut -lent a i r  i s  drawn through a samplfng t r a i n  comprised 
o f  collgocrents that regulate tJm rate a d  dttntlan of swl ing  i n t o  
a pre=ev8cuatd S U M W  parsivrtd a n i s t a r .  
A f t e r  th;, air srrple i s  wlleetd, fhr arrlstcr valve is  closed, 
an Identification tag 1 s  t o  the anister, and the canis- 
ter i s  transported b a pre&terrfned laboratory for  analysis, 

.Upon rueipt at the laboratory, the an i rk r  tag data is recorded 
and th. canister i t  attached to the m a l ~ t u l  system, During analy- 
sis, mter vapor i s  reduced i n  the gas stream by a ttafion. dryer 

(if applicable), and the V a s  are then concmtratcd by collection 
In a ayogenlcally=cooled trap. The m n  i s  then rvarrved and the 
tampentun of the trap Is raised, The V O U  originally col tccted 
i n  t)r qq a n  rruolrtilized, separated on a 6C column then de- 
tected by OM o r  mo- d e t e d n  for ldmttfiutlon and qwntitation. 

0 
The afulyticrl strategy for Method TO14 lnrolves using a high- 
resolution gas chrmtograph (%) coupled to one or more appto- 
Ptfat6 GC detectors. Historically, btac fon  f o r  a GC have been 

divided i n to  two groups: non-rpecific detecton and specific 
detccton. The non-speciffc detectors include, but are not !imitea 

to ,  the nitrogan-phorphorus detector (WD), the flame ion iza t ion  
detector (FID), the electron capture d e t e e o r  (Em) and the photo- 
ionization detector ( P I D ) ,  The speeifdc detectors include the 
W S  spctramtcr is) operating i n  eittmr tb selected i o n  moni- 

toring (SIM) mdc o r  the SCM mde. o r  the ion t r a p  detector. 
The use o f  :,'lese detectom o r  a crnbination o f  these de-- '%t3rS 

as part of an analytical s ~ h e m  i s  dcttnnined by the teauirea 
specif~clty and sensitivity o f  the application, Wile t h e  non- 
specific detectors are less cxptnsive per analysis and i n  sont 
cases more sensitive t h a n  the specific detector, they vary i n  

Speciffcity and sensftfvity f o r  a specific c?ass o f  canoounds. 
-3r 'nszancz. i s  muit:jie izi 3genat* cmmunas w a  -.zr;Ecas. 

0 
- 
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an ECD - i s  usually chosen; i f  only  canpounds containing ni t rogen 
o r  phosphorus are o f  in te res t ,  a NPD can be used; or, I f  a var ie ty  
of hydroarbon canpounds am sought, t h e  broad response o f  the 
FID o r  PID Is appropriate, In each o f  these cases, however, the 
specific i d e n t i f l c a t i o n  d ' t h a  conpound wfthtn the clast 1s deter- 
lrfned only by i t s  ra ten t ion  tlm, which can be subject t o  s h i f t s  
O f  to in ter ference frtm other  nontargeted canpounds, When misiden- 
t i f f ' ca t i on  occurs, the e r m r  i s  generally a result of a c lu t te red  
drrautogtan, making- peak assignment d l f f l c u l t .  I n  pact icu lar ,  
the nore v o l a t i l e  organics (chloroethanes, ethyltoluenes, dichloro-  
benzenes, and various freons) e x h i b i t  less well Qfined ehranato- 
graphic pealrs, leading t o ' m i s i d a n t i f l c a t i o n  uslng non-specific 
detecton. Quant i ta t i ve  cmparisons i nd i ca te  t h a t  the FID i s  more 
subjccf to e m f  than the ECD because t he  ECD i s  a much more selec- 
tlve detector f o r  a saaller class o f  cunpoundt whlch exhib i ts  a 
stronger response, I d a n t l f i c a t i o n  e m n ,  however, can be reduced 
by: (a). employing simultaneous detect ion by d i f f e r e n t  detectors 
o r  (b) c o r r d a t t n g  r e t e d l o n  t fmes  fram d i f f e r e n t  GC columns f o r  
anfi nnation. I n  t l t h e r  case, i ntcrferences on the non-speci f i c  
d e t e c t a n  can s t i l l  cause e r r u r  i n  i den t i f y i ng  a c a p l e x  sample. 
The non-sped f i c  detector system (GC-NPO-FID-ECD-PID) , however, 
has been used for  approximate quanf i ta t ion  o f  r e l a t i v e l y  clean 
saargles. The nonspeciffc detector system can provide a "snapshot" 

of the  consfftuents i n  the sample, allowing determination of: - Extern o f  m is iden t i f i ca t i on  due t o  overlapping peaks, - Posi t ion o f  t!tc VOCs wi th in  or n o t  within the concentration 
range o f  ant ic ipated f u c h e r  analysis  by soeci f i c  deteczors 
(GC-MS-SCAN-SfM) ( i f  n o t ,  the sample i s  fu r ther  d i l u t e d ) ,  ana - Existence o f  .mwoer,ed 3e&s m i c h  3eerl iurz3e? !dent7f 'c2t:on 

i y  s p e c f f c  iezectors. 
On the a h e r  hand, the use o f  spec i f i c  deteczon (MS coupled tl) 3 

GC) a l t o u s  pos i t i ve  c?moound i d e n t i f i c a t i o n ,  thus lending i t s e l f  
t o  more spec i f i c i t y  than the rnu l t i de tec to r  GC. Operating i n  rne 
SIR m d e ,  t he  MS can r ew i ly  aoproacn t h e  same s e n s i t i v i t y  as 
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0 aultidetactar system, but i t s  f iu r lb f l i t y  i s  l iafted.  For SfH 
operatien, the )(5 i s  grow- to acquire data for a l i m i t e d  

-er of t u g e t d  empounds while df sregrrdtng other acqui red 
inforattion, 
detector, often d e t e i n g  CQpOunds which VI nof detected by 
the ul t idetecfor  app.ordr, the GC-HS-SCAW wit1 prwfde pog;iffvc 
idantffication, J l i l e  t he  6 6 ) I S - S f H  procadwe provides quant l ta t ion 
of t r t 5 t ~ c t d  'torgat CagoMd. l i s t  o f  vas. 
h a r u ~ y s t  often ~ u s t  decide whether to use s p d f i c  or non- 
spectfic detecu,n by conridering such facton as project objectives, 
brird &-ion liaits, qdpmnt a n i l r b f l i t y ,  cost and 
mrsonnel capabiltty i n  dere\oping an analytical strategy. 

A l i s t  of mae of the dvantager and dfsadvrmrges a ~ ~ ~ d a t e d  
with non-specific and rpedfit detectors my assist  the 
analyst i n  the decf tion-mki ng procut. 

In the SCAII -6, W r ,  the )(5 becanes a universal 

0. Hultiple' detectors to calf brate 
o Capotad ldcntif4catfon nut 

positive 
o Lengthy data interpretat ion 

(one hour each f o r  analysis 

am data rducz ion )  

C Q P O M d ( f )  

campounds - outriae range o f  c a i i -  

- w i  tc'rout stanairas 
o Does not  d i f f e ren t i a te  

targetad compounds from 
interferi ng caipounds 

o Interference( s )  frrra co-el uting 

o Cannat identify unknown 

w a t :  on 
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recycka paper 



., 

. 

TO144 

S p e d  ff c -Detector Anal y t i  cat S y s t e m  

G C - S -  5 I14 
Advantages 

o posltlve compound Identification 
o greater sensitivity than GC-MSI 

SCAN 
o lest operator lnterpretatlon 

than f o r  multldetector GC 
o can resolve eo-eluting peak 
o mora specific .than t h e  n u t t i -  

detector GC 

GC-nS-SC AN 

o poslt lve colapound ldcntlflcatfon 
o can I&ntlfy all  compounds 
o less operator lnterpratatfon 
o can resolve co-eluting peaks 

M sadvantaaes 

o can't idcntlfy non-sped fied 
campounds (ions) 

o somewhat greater equipment  
cost t h a n  multidetector GC 

o greater sample volume required 
than f o r  multidetector GC 

o universality o f  detector sac- 
rlflced to achieve enh8nce- 
mnt i n  sensitivity 

o lower sensitivity than GC-MS- 

o greater s q l e  volume required 
than for multldetector GC 

o somewhat greater equ ipmen t  cost' 
than mu1 t idetecto r GC 

an 

TIM analytlcal f i n i s h  f o r  t h e  measurement chosen by the analyst 
should provide a d e f i n i t i v e  identification and a precise q u a n t i -  
tation of volatile organics. 
to these two o b j e c t i v e s  I s  subject t o  equipment a v a i l a b i l i t y .  
Figure 1 indicates some o f  t h e  favorite o p t i o n s  that are used as 
on analytlcal f i n i s h .  The GC-%-SCAN o p t i o n  uses a capillary 
coluad! GC coupled t o  a MS operated i n  a scanning m d e  and sup-  
por ted  by spectra? l ib rary  s e a r a  routines. This o p t i o n  offers 
t h e  ncarcfr appruximation to  unamiguous identification and 

cuven a wide range o f  caoounds as def ined  by the canoleteness 
a f  :fie saeczt31 library.  GC-TMS-Sifl mue i s  l j m i z x  :o 3 s 2 t  ~f 

target compounds w n i c n  are user defined and is mre sensitive 
t h a n  GC-MS-SCXi by virtue o f  the longer dwell times a t  tfre 
restricted numer o f  m/z values; Bo th  these iscaniques, Sut 
especially the GC-MS-SIM o p t i o n ,  can use a suoplemental general  
7on-sxcC ';c istastsr ',3 v e ' i * y / 4 d e n t i f y  t s e  yresence 3f 'IOC;. 

,.-i 11,  ::e :x:x ' x e i ' t q  ;L--w::-zectc,:r ::s:trn .szs i 

In a large part, t h e  actual approach 

1 ,  
f :  % '  - ... 
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cabination of retention ttrr a d  d t i p l e  general &tccfor vet+ e 
f i a t i o n  to ibntt fy  capoundt. However, Interference due to 
nearly identical retentton tims em affect s y s t u  quantitation 
then u l n g  t h t s  option. 
Due to the low toncanttations of V a s  mcatntrrud I n  urban air 
(typically less than 4 ppbv and the majority below 1 ppbv) along 
with tbfr umplluted cbraatograms, Methad a 1 4  strongly rwnmwnds 

the specific detecton (Sc+-%fiSm) t o t  par i t fvc identification 
and f o r  primary qurntitation to arrrure that high-qwlity alnbient 
data i s  aquirad, 
For th experienced analyst whose analytical systm i s  limitcd t o  the 
non-specfffc detectors, Section 10.3 does provide guidelines and 
aarple drraatograra s M n q  typtcrl retention tines and calibra- 
tion response factors, and utilizing the non-rptcific detectors - 
(a-FID-ECD-PID) analytical systea as the primary quantttative 
techniqu. 

4.1 VOCb enter th atmsphere fra a var ie ty  o f  saurces, i n c l u d i n g  
petrolam refinerfes, synthetic organic chuical plants, natural 
gas processing plants, and automobile exhaust. Many of these 
VOCs are acutely taxic; therefore, their d e t e m n a t i o n  i n  ambient 
a i r  +s necessary t o  assess human health impacts. 

4.2 Conventional laathods fo r  V a :  detcnuination use solid sorbent samol- 
ing t k n i q u e r .  The amst widely used solid sorbent 1s Tenax.. An 

a i r  sample i s  drawn thrwgh a Tan*-filled a f l r i d g e  when ce r t a in  
VoCs are trapped 011 the polymer. The sample c a r t t i d g c  f s  transferre4 
to a laboratory and analyzed by .GC-MS. 

4-3 VOCS'C~J I  also be sttccessfutty collected in stainless stet1 canisters. 
Col!ection o f  ambient a i r  samples in canisten p r w i d e s  (1) conven- 

i e x  'ntegrqtfon o f  amient samgies aver a specific :I= gerfoa, 
(e-g., 24 h o u r s ) ;  (2) femme sampling and a n t r a l  analysis; ( 3 )  
ease of storing and s h i p p i n g  samples; (4 )  unattcncied s a i o ~ e  501- 
lection; ( 5 )  analysis of samples fran multiple sites with one 
analytical system; and ( 6 )  colledion o f  sufffciek s m l e  volume 
:? i i 1 o w  zssesment ~f 7esur-m v s f s f o n  zr!d/gr znai:is!s zf 

a 
OOOf 4 7 2  

recycled paper 
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- 4,4 

4 .s 

samples by several analytical systems. However, care must be exer- 
clsed in selecting, cleaning, and handling sample canisten and 
Sampling apparatus to avoid losses o r  contamination of the samples. 
Contamination is  a critical issue w i t h  canister-based sampling be- 

cause the canister is the las t  element i n  the sampling train. 
Interjor surfaces o f  the canisten are treated by the SUMMA. 
passivation process, i n  which a pure &ram-nickel oxide i s  
formed on the surface, This.type o f  vessel has been used i n  the 
p8St f o r  sample collection and has derqonsttated sample storage 
stabflf  t y  of many specific organic canpounds. 
T h i s  method can be appl ied  t o  sampling and analysis o f  not only 
VOCS, but a'l so SOIIIQ selected semivolati le arganic compounds 
(SVOCS), The term 'semivolatile organic cmpounds" i s  used t o  
broadly describe organic compounds that are too volatile to be 
Collected by f f l t t a t i o n  air sampling but not volatile enough f o r  
thermal desarption from so l id  sorbents, SVOCs can generally be 

classlfld as those w i t h  saturation vapor pressures a t  2 5 O C  be- 
t m t n  10-1 and 1007 ann Hg, VOCs are generally classified as 
those organics having saturated vapor pressures a t  2S'C greater 
t h a n  10-1 mm Hg, 

5, Definitions 

Note: Definitions used i n  this document and i n  any user-prepared 
Standard Operating Procedures (SOPS) should be consistent w i t h  ASTN 
Methods 01356, E260, and €355, A l l  abbreviations and synbols within 
t h i s  method are deflncd a t  p o i n t  o f  use. 
5.1 Absolute canister pressure = Pg+ea, where Pg = gauge ,pressure in 

the canister (kPa, p s i )  and Pa = barometric pressure (see 5.2)- 
5.2 Absolute pressure - Pressure measured w i t h  reference t o  abso lu te  

zero pressure I BS OOQOS2d t o  atmosmeri c prsssure) , gsila1 IY 
exaressed as kPa, m Hg o r  p s i a .  
Cryogen - A refrigerant used t o  obta in  very low temperature i n 
tne cryogenic trap of the analytical  system. A typica l  cryogen 

is liquid oxygen ( b p  -183.U"C) o r  liquid argon ( b p  -185.7"C). 

5.3 
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5.4 

5.5 

5.6 

5.7 

5.9 

5.10 

5.12 

m4-a 

DynUrc a l i b n t t o n  - Calfbratton of an analytical systea using 
callbratdon gas standard concentrations I n  a form ldrntlcal o r  
wry simflar to Me samples to be analyzed and by Intruducfng 
such standards i n t o  the i n l e t  of t h e  s a p l i n g  o r  analfiical 
s y t t a  i n  a manner veq  s i m l a r  to t he  nom1 sampling or  
analytical process. 
6 a g r  p=#m - Pressure w u d  &ore rrbient atmtphcric 

1s qual t o  -lent rtrPrpheric (barartrlc) pressure. . 

=-SCAN - The 6C i s  coupled to  a IS p t o g r m  i n  the SCAN node 
to scan a l l  ions fepe8 td ly  durlng the  6C mn. As used in t he  
currrnt corrtaxt,this poccdurr sene as a qualitative identi- 
flcatlon and cha-erization of the sample. 
&SIN - The 6C 1s coupled to a 6 prop- to a c q u i r e  data 
for only specified ions and t o  disregard a l l  others. This i s  
p e r i o d  urfng coupled to ra tmt ior r  t t r  discPIminatoo. 
T)H 6GSIH analysis prorldes qurntttative mutts for selected 
cons t i tun ts  of the  smplt gas as p r a m  by t h e  user. 
)3cgaboe cot- - Chraabgraphic coltm tuving.an Internal &io 
ameter (1 .D.)  greater than  0.50 am. The mabore. c o l m  is a 
trademark o f  the J&U Scientific Co. For purposes of t h i s  

method, Hegabore. refers to ckaaatographic columns w i t h  0.53 

Pressurizeti S a r p j i n g  - Collection of M a i r  sample i n  a canister 
With a (ffnal) canister pressure above atimspheric pressure, 
using a sample puap. 
Qualitative accuracy - Tht a b i l i t y  o f  an analytical system t o  
correctly iden t i fy  caqmmds. 
Quantitative accuracy - The a b i l i t y  o f  an analytical system t o  
tortec,?y measure t h e  concentration o f  an i d e n t i f i e d  canpound. 
Static calibration - Calibration of an analyzical s y s t e m  using 

standards i n  a fonn different than t h e  samples t o  be analyzcd. 
An 'example of a s ta t ic  calibration would be injecting - a small 
~ l u m  of a h i g h  concrntration standard d i rvc t l i  onto a 
x i  limn. 3yoassina :.?e ;amuie sx::xtion znd 3r?cmcix?3:-an 
xc:m 3 f  ::e nnaiyrtczi ;ys:zm. 

p r r t u n  (as ogpojed to rbsolute parsure). zero gauge pressure. 

. 

rmp 1.n. 
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5.13 Subatmspheric sampling - Col lec t ion  of an a i r  sample i n  an 

evacuated c a n i s t e r  a t  a ( f i n a l )  canister pressure below atmos- 
pherlc pressure*  w i t h o u t  the a s s i s t a n c e  of a sampling pump. The 
c a n i s t e r  is f i l l ed  as the i n t e r n a l  c a n i s t e r  pressure inc reases  
to abient o r  near &lent pressure. An a u x i l i a r y  vacuum pump 
MY be used as part of t h e  sampling system t o  f l u s h  the inlet  
tubing p r i o r  t o  o r  during sample c o l l e c t i o n .  

60 I n f r r f e t a n c m  and Limitations 

6.1 I n t e r f e r e n c e s  can occur i n  sample a n a l y s i s  i f  mois ture  accumu- 
lates i n  the dryer (see Secf ion 10.1.1.2). An automated cleanup 
procedure that p e r i o d i c a l l y  heats the dryer to about 100'C while 
purging with zero a i r  e l i m i n a t e s  any moisture bui ldup.  This pro- 
cadura does nat  degrade sample integrity. 

6.2 C o n t d n a t i o n  may occur i n  t h e  sampling system i f  c a n i s t e r s  are 
naL proparly cleaned before use. Addi t ional ly ,  a l l  other sampling 
quiplllant (e.g. pump and f low con t ro l  lcrs) should be thorough1 y 
cleaned t o  mure that  the  f i l l i n g  appara tus  w i l l  not contaminate 
samples. I n s t r u c t i o n s  for  c l e a n i n g  t h e  c a n i s t e m  and cert i fy ing 

the f h l d  sampling system are described i n  Sections 12.1 and 12.2, 
r e spec t fve ly .  

madwane dryer to r w v e  water vapor selectively from the sample 
Stream, p o l a r  organic canpounds may penneate concurrent  with the 
mois ture  molecule. 
hts o r  her system w i t h  t h e  sped f i c  organic  c o n s t i t u e n t s  under 
txami na t ion  . 

- 

6.3 Because t h e  GC-MS ana ly t i ca l  system employs a Nafiona permeable 

Consequently, t h e  a n a l y s t  should q u a n t i t a t e  

7, Apparatus 

7.1 Sample C o l l e c i o n  

[Note: Suoatmspneric pressure and pressurized can1 s te r  samoii ng 
systems a r e  canmercial ly a v a i l a b l e  and have been used as p a n  o f  

U.S. Environmental Protect ion Agency's Toxics Air Monitoring. 
S t a t i o n s  (TAMS), Urban Air Toxic P o l l u t a n t  Program (UATP), ana 

the 5on-methane organic cmpound ( NMOC 1 samp? i ng and anal  :ts i s 
Y T  g r m .  a ,* r " -  I' 

- 
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7 . 1 J  Subatmospheric Pressure (See F i g u e  2 W t h o u t  Metal Bello 6 
Tror p-1 

7 . L l . l  

7.1J.2 

7 -1 -1.3 

7 -1 -1.4 

7 .l .l .S 

Saapling I n l e t  llne - s t a f n l e s s  steel tubing t o  
connect t)N srpler to the sample I n l e t .  
Sample c a n i s t e r  - lerk-frm s t a i n l e s s  steel pressure 
vessels o f  desired v01" (erg.. 6 L ) ,  with valve 
8 d  fllmA9 prstfvatd t n t u l o r  s u r f a c e s  (Scientific 
Instrumentation fpedrtists, Inc., P.0. B o x  8941, 
nolcow, ID 83843, or krd .non  - lee ,  Inc., 4215-(3 
Wendell Or., Atlanta, 611, 30336, o r  equfvalent )  . 
S t a i n l e s s  steel ncuurJpntrure gauge - capable of 
rasurlng v i ~ t r u a  (-100 t o  0 kPa o r  0 to 30 i n  Hg) - 

a d  pressure (01206 kPa or 0-30 p s i g )  i n  the sampling 
systaa (Matheron, P.0, Box'136, Morrow, 6A 30200, 
-1 63-3701, o r  qufrrlent). 6auges should be 
tastd clean a d  leak tight, 
Electtoafc .us f l a w  controller - capable of laai 

t a M n g  a constant f low rate (+ 101) over a sawpl- 
Ing perlod of up to 21 hours and under  conditions 
of ehrngfng tumperatun (204.C) and humidity 
(Tylan Corp., I9220 S, Norsundie Ava., Torrance, 
CA 90502, Hodel FC-260, or equ iva len t ) .  
Particulate matter f i l t e r  - 2-urn sintered s z a i n l e s s  
steel in- l ine  filter (Nupro Co., 4800 E. 34SZh S t . ,  

Ylllwghby, OH 44094, Model SS-ZF-K4-2. o r  equiva- 
. lent) . 
Electronic timr - f o r  unattended sample colleczion 
(Paragon E l e n .  Co,, 606 Parkway Blvd.,  P.O. 3ox 22, 
Twin Rivers, W I  54291, ,We1 700840, o r  ?uuiva lent ! .  
Solenoid valve  - elec , r ic i l ;y-opera tad ,  J i - x a i e  
solenoid  valve (Sk inne r  ragnelatch Valve, New 

B r i t a i n ,  CT, Wodel VSitAM49710, o r  equiva lent )  w i t 3  

Vim* seat and o-rings. 
Chraaatographic grade s t a i n l e s s  s tee l  tubing a n d  0 
li ,.rngs - o r  i n t e r c m w c i s n s  ':: -fx.t  4s:~~: d c t s .  

A X  iauxegan ?a.,  ;et+i31;, _ _  3 ~ u - z . .  .G-. -.4---. 

* 

* c 

-. -- .* c- - .  - - - - -  - . -  _ _  
tvwhv! HIIO m r i n ~ ~ ~ m r c ~ t  
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o r  equivalent) .  
sample, analyte, and support gases p r i o r  to analy- 
s i s  strould be cilranatographic grade stainless steel. 

7.1.1.9 Themostat.ical1y controlled heater - t o  maintain 
temperature Inside insuiatcd sampler enclosure above 
ambient temperature (Watlow Coo, Pfaf f town,  NC, 
Par t  0 ~ ~ 0 0 8 0 ,  or equivalent). 

tenperatwe (Elmood Sensors, Inc,, 500 Narragansett 
Park Or,, Pawtucket R I  02861, Model 3455-RC4100- 
0222. or equivalent) 

Woodstock, NY, Model SUZAI , o r  q u i  valent). 

t i o n  (Elmwood 5ensol.f. Inc., Pawtucket, RI , Model 
3455-RC4100-0244, or  equivalent). 

7.1.~.13 Maximawnininnun thtrmolnctcr - records highest and 
lowest temperatures dur ing  sampll ng period (Thomas 
Scf entiflc,  Brooklyn Thennometer Co., Inc,, 
P/N 9327H30, o r  equivalent). 

7.1.1.14 Nupro stainless steel shut- off valve - leak free, 
f o r  vacuum/ p r e s  sure gauge , 

7.101,15 Auxi l iary  vacuum pump - continuously draws ambient 
air to be sampled th rough  the inlet  manifold a t  10 
L/min, o r  higner f l o w  rate, Sample i s  extracted 
from t h e  manifold a t  a lower rate, and excess a i r  
i s  exhaustbd, [Note: The use of h i g h e r  inlet f low  
rates d i l u t e s  any contamination present i n  the inlet 
and reduces the poss ib i l i t y  o f  sample contamination 
as d result o f  cantacr with active adsor?t:on s i t e s  
3n inlet wai 1 s . i  

I . ~ , i , i ~  ~iaapsed time metir - measures duration of sarnoli ng 
(Conrac, Cramer Oiv., Old Saybrook, CT, Type 6364, 
o/N 10082, or equivalent). 

7.1.?.:7 Ootional f i x e d  orifice, cauil lary, or adjustable 
nictcmer-ering valve - may 2e ysed i n  lie!! o f  :x 

A l l  such matedals i n  contact w i t h  

7.1.1.~0 Heater thennostat - autmatically regulates heater 

7,l.l.ll Fan - for cooling s a p l i n g  system (EG&G Rotrun ,  

7.1.1.12 Fan thenaosfat - automatically regulates fan opera- 

- 
T 

.. 
i '351=3'7Zl c - ,  S Y  :=.?t."; I ' l ?  ::? ;??2 ::x. 55 ' :+ :3"33"3 

;ur.'?t:Jn : : i f i e - ~ . ? C q r ? r a  5arnoies. Jsua: ' j 10ormr'- 
are aniy i n  s i tua t ions  m e r e  scretning samples a r e  
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7.1.2 Pmsurized (Figure 2 Yith  Metal Bello# Type Pump and F i g u a ’  

7.l.Z.l S q l e  ptmp - stainless stmi , -tal bel lous type 
(Metal Bellows Cmp., 1075 Provldmce Highway, 
Sham, m 02067, Hodel -151, o r  equivalent), 
capable o f  2 atmospheres output pressure, Pump must 

be frn of leaks, clean, a d  uncontadnrted by o i l  
o r  organic colpounds, [Mate: h alternative sampl- 
ing systu has b e q  developed by Dr.  R. Rasmssen, 
The 
In F i g u r e  3, This f l o w  s y s t m  uses, i n  order, a 
pump, a Irchanlcal f low regulator, and a mechanical 
empensating ftow restrictive device. I n  t h i s  con- 
ffguratim t h e  ptmp I s  purged wt th  a large sample 
flow, t h d y  eliminating the need fo r  an auxi l ia ry  
v a a m  pu9 t o  f l u sh  the  sllple Inlet. Interferences 
using t h i s  cmflguration have ken ainfmal .I 

6rduate Center (18.19) and i s  illustrated 

7.1.22 Other supporting uteriart = all  other caponcnts o 
thr pressurizd t u p l l n g  rystem (Figure 2 with e t a  c 
be l lo#  type pug and Figure 3) are similar to cmpo- 
nentt discussed i n  Sections 7.1.1.1 through 7,1.1.16. 

7.2 Sample Analysis 

7 -2.1 Gc-6-SCAN Analytical S y s t e m  ( See Figure 4 )  

7.2.1.1 The GC-S-SCIV( analytical system must De capaole of 
acquiring and processing data i n  the MS-SCA)( mode, 

7.2.1.2 6as chrmatogtaph - capable uf sub-adient tempera- 
ture programing f o r  the o m ,  with other genera’lly 
standard features such as gas flow regulators, auto- 

0001 475 
recycied paper 
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HP-216 Canputer, Quicksilver K software, Pascal 
3.0, mass storage 9133 HP.Winchester w i t h  3.5 inch 
floppy d i s k ,  o r  equixalent). The GC-Ets is set i n  
the SCAN mode, where the MS screens the sample f o r  
Identification and qwnti ta t lon of VOC sped es. 

7.2.1.4 Cryogenic trap w i t h  temperature control assenbly - 
refer t o  Section 10.1.1.3 f o r  canplete description 
of t rap and ternperaturn control .assemly (Nutech 
Corporation, 2142 Gecr S t . ,  Durham, NC, 27704, 
Mode1 320-01, or  equivalent). 

constant f l o w  ( for  carder gas and sample gas) and 
to provide analog ou tpu t  t o  monitor f l o w  anairalies 
(Tylan Mode1 260, 0-100 & / m i n t  o r  equivalent) . 

7.2.1.6 Vacuum pump - &era1 purpose laboratory pump, 
capable of drawing the desired sample volume th rouy i i  
the cryogenic trap (Thomas Indut t r i  es,  Inc, , Sheboyy8n 

W I ,  Model 107BA20, or  equivalent) . 
7.2.1.7 Chramtograph.ic grade stain1 ess steel  t u b i n g  and 

stainless steal plunbing f i t t i n g s  - refer to Section 
7.1.1.8 fo r  descriptf on. 

7.2.1.8 Chrmatographic column - t o  provide compound separatior 
such as shown i n  Table 5 (Hewlett Packard, Rt. 41,  
Avondale, FA 19311, OV-1 capillary colum, 0.32 m x 

50 m w i t h  0.88 urn crosslinked methyl silicone coating, 
or  q u i  val ent )  . 

7.2.1.9 Stainless sfeel vacuum/pressute gauge (opt iona l  ) - 
capable o f  measun ng vacuum (-I01.3 t o  0 k P a )  and ptes-  
sure (0-206 kPa) i n  t h e  samoling system (Hatheson, 9 . 3 .  

30x :26* ?lorrow, SA 20200, Yoael 53-?7OA, 3~ %uiva- 

l en t ) .  Gauges snould be t e s t a  clean and ieaK t i q n t .  

two-stage cy11 nder regulators n l t h  p s s u r e  gauges f a r  

7.2.1.5 Ercctronic mass f l o w  control len  (3) - maintain 

7.2.1.10 Stain1 ess steel cylinder pressure regulators - standarc 

. helium, zero air  and hydrogen gas cylinders. 
7.2.1.11 Sas zurfffers  ( 3 )  - xsed t3 rsmve orc;anic ’mwr’tits 

: m e  -*.e- “ * A ” ” r z  ’-;- :zs ~ ‘ - f - ~ ~ S  -zlq:zz= ? : C * 3 - =  - -  
1” ’ - -  - - -  

;vanad;  * +  2 4 ,  ,=; __. ;!‘{ 1 3 t s i  - 33550, J r  ~ ! U I V Z  2”: . 
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7.2.1.13 

7 02.1 014 

7 .2.1.15 

7.2.1.16 

TOM-14 

l o w  t iea-volw tee (F t iona l )  - us& t o  sp l i t  to 
exlt f l o w  fror t h e  6C coluan (Alltech Associates, 
u)Sl U u k e g r n  Rd-, Deatiield, I1 60015, Cat. t5839,  
or  q u i  valent). 
N a f i o f l  dryer - consisting of Nafion tubing  co- 
axially mounted within  la-r tubing (Pima Pure 
PfOBUCLs, 8 fxrcutive Drive, T a s  River, MJ, 08753, 
Uodd )10-125-48, or  aquirrlent), Refer t o  Section 
10,l.l.Z f o r  thrtription. 
Slx-port gas chrauto&ic va1 vc - (Seismograph 
%mice brp, Tulsa, OK, Seittot Model VIII, o r  
equl valent). 
C h r t  recorder (optional) - colapatible with the 
detector output sigtals to record optional FIO 
&teetor response to the saaple, 
Elecfronlc integrator (optimal) - canpatiblc 

0 
Wtth tlr detector -put simal of the FID and 
caprble of i n t m l n g  the area o f  one or‘more 
response pedts A a l c u t r t i q  peak areas cor- 
r a t &  f o r  baseline drift ,  

7-22 GC-%-SIB! Analytical System (See Figure 4 )  

7.2.2.1 

72.2.2 

The SC-tlS-SIH analytical system musf be capable of 
aquirfng and processing data i n  the ,YS-SXM moae, 
A l l  components of the GC-%-SIM system are identi- 
cal to Seaions 7.2.1.2 through 7,2.1,16, 

7.2-3 BC-Uultidetector Analytical System (See Ffgure 5 and Figure 6 )  

7-2.3.1 Gas chranatograon with flame ionization and eiec- 
tron caoture defecton (photoioni tar ion detector 
aptionai ) - sapaoie o f  sub-amient xnuetature 
programing  ?or the oven and simultaneous opera-  
t i on  of a1 1 detectors, and w i t h  other general ly 
standard features s u d  as gas f l o w  r q u 1 a t o r s ,  
automatic control of valves and tn tegra tor ,  etc. 
fHcwlet: ’ickard, at. a l ,  Svondale, PI 1?3?1. 

- - - n - .  
y y O i  :;=-n, -1:: :Ve!? :2!!!:2-?7:7? f=Z:tF?!  Ill: 

i r v t t  A 3X:C r c q t m i  ~ + , ~ ~ i F ; X & ~ ! t ~  . 
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7.2.3.3 

7.2.3 .4 

. 72.3.5 

7.2.3.6 

7 02 03.7 

7.2.3.8 

7.2.3.9 
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Char t  r e c o r d e r s  - compatible w i t h  the detector ou tpu t  
signals to record d e t e c t o r  response  t o  the sample. 
E l e c t r o n i c  i n t e g r a t o r  - c a a p a t i b l e  w i t h  the detec- 
tor o u t p u t  s i g n a l s  and capab le  of i n t e g r a t i n g  the 
area of one or more response peaks and c a l c u l a t i n g  
peak areas corrected for baseline drlft. 
Six-port g a s  c h r a n a t o g r a p h i c  val vc - (Seismograph Ser- 
v i c e  Corp, Tulsa, OK, S e i s c o r  Model VIII, or e q u i v a l e n t ) .  
Cryogenic  t r a p  w i t h  t empera tu re  c o n t r o l  assembly - 
refer t o  Sectton 10.1.1.3 f o r  complete  d e s c r i p t i o n  of 
t r a p  and t e m p e r a t u r e  c o n t r o l  assembly (Nutech Corpora- 
t i o n ,  2142 Geer S t . ,  Durham, NC 27704, Model 32061 ,  
o r  q u i  val cnt )  . 
E l e c t r o n i c  mass f l o w  c o n t r o l l e n  (3) - maintain con- 
stant f low  ( f o r  carrier gas ,  n i t r o g e n  make-up gas and 
sample gas) and t o  p rov ide  analog o u t p u t  to moni tor  
f l o w  anmalies (Tylan Hodel 260, 0-100 & / m i n ,  o r  
q u i v a l e n t ) .  
Vacuum pump - genera l  purpose  l a b o r a t o r y  pump, capable 
o f  drawing the deslred sample volume through the cry- 
ogen ic  trap (see 7.2.1.6 f o r  source and description). 
Chruna tographic  grade stai  nl as steel tuo i  ng and s t a t  n- 

less steel p l u m i n g  f i t t i n g s  - refer t o  Sec t ion  7.1.1.3 
for descri p t  f on. 

C h r a a t o g r a p h i c  column - t o  provide  cmoound segarat ion  

such as shown i n  Table 7, 
Avondale, PA 19311, OV- 1 cwi l la ry  column, 0.32 
mn x 50 m w i t h  0.88 urn crosslinked methyl si l icone 
c o a t i n g ,  o r  q u i  val ent )  . 
( e + ,  ilB-624) can be used as :ong as m e  systm 
set% 'isor neeQs. The wide? Yeqaoorea cslumn ' f . 2 . .  

0.53 m 1.9.) is less s u s c e g t i b l e  t o  ?lugging !s 
a result o f  trapped water, thus e l i m i n a t i n g  the 
need f o r  a N a t i o n s  dryer i n  the analytical  s y s t e m .  

?he Megabore' column has sample capaci ty approacn ing 
:hat d 3 lacked  column, wniie re ta in ing  nuch ~f 

%!.z . ,  5.32 nm z . 3 . : .  

(Hewlett Packard,  R t .  41,  

[Note: Other ccil urns 

::e -esK -?ss- .jz-cn : y 2 : z ;  ;s - 2 r - 3 ; l t i  !='-*-.I .,I f 
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7.2.3,lO Vacuurlpressuta gaumr (3) - refer to Stetion 

7.2.1.9 f o r  description. 
72.3.11 Cyl!nder pressure sta4nlest steel regulators - 

standard, two--age c y l i n b r  regulators with  
pressure gauges for helium, rem a i r ,  nitrogen, 
and hydrogen gar cylindrn, 

l ~ u r l t f r r  and moisture fra gas s t r a m  (Hewlatt- 
Packad, Rt, 41, Avodale, PA, 19311, P/W 19362 - 
60500, or  cquir8lrnt). 

exit f low fra the 6C c o l i  (Alltcch Associates. 
205l Uukegan Rd., Deer7ield. 11 60015, Cat, 
f5839, o r  cqvfvalrnt), 

72.3.12 6rt putifiem (4) -'used to mmvc organic - 

12.3.13 LOU drd-~01- tn - ~ u d  t o  S p l i t  (50/50) thc 
- 

7.3 Canistar Cleaning System (See Figure 7)  

7.3.1 Vacuu pump -.uglible af ~ 8 ~ t i n g  sarple canister(s) to 
an absolute pressure of <!I.fJo$ n Hg. 

7i3.2 Uantfold - stainless steel manifold with connections for 

a . .  

siultanaarsly cleaning several a n b t a n ,  
7.3.3 Shut-off valve(s) - seven (7) -o f f  toggle valves, 
7-3-4 Stainless steel v ~ c u u l l  gauge - capable o f  musurinq vacuum 

In the manifold t o  an absolute pressure of 0.05 rm Hg or 
less. 

7.3.5 Cryogenic trap (2 required) - stainless steel U-shaped open 
tubular trap cooled 4 t h  l iqujd oxy- or argon t o  prevent 
contamination frm back di f fus ion  af o i l  frcm vacum pump 
and t o  provide clean, zeru air t o  sample canisterts).  

7.3-5 Stainless steel pressure gauges (2)  - 0-345 k P a  (0-59 p s i g j  
50 mnitar :em a i  r prsture, 

7.3-7 Stainless steel t tow controi valve - :o regulate f low of 
zero a i r  i n t o  canister(s). 

7 - 3 3  Humidifier - pressuritaole wafer buboler containing h i g n  

parfonnance 1 iquid chromatography (HPCC) grade d e i o n i r d  

water of other system caoaale of ormiding misart to w e  
IZT? 31 f x c o i  y. 

Sc ient i f ic ,  ?ittsourgn',  ?A, ,Woe; 349, ar zquivaienr: - 
-. - - -  - 0001 477 

t a c y c i e a p a p 8 ~  - 2  .sor?:amai wen :oorfonai '1 'or : . r e a t ' ~ ~ ~ n i ~ o ~ ~ , . , ; , r  sne? 
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7.4 Calibration System and Mani fol d (See Figure 8 )  

a 

7.4.1 Calibration manifold - glass manifold, (1.25 an I.D. x 66 an) 
with sampling ports and internal baffles fo r  flow disturbance 
to mure proper mixing. 

7.4.2 Humidifier - 5001ml .impinger f lask containing HPLC grade 
deionized water. 

7.4.3 Electronic mass flow controllers - one 0 t o  5 L h i n  and 
one 0 t o  50 d / m i n  (TyTan Corporation, 23301-TS Wilmington 
Ave., Canon, CA, 90745, Model 2160, o r  equivalent). 

7.4.4 Teflo+ ff l tcr(s)  - 47-(nra Teflon. f i l t e r  for  partleulate 
control,  best source. 

8, Reagents and Materials 

8.1 6ar cy11 ndcn o f  hel ium,  hydrogen, nitrogen, and zero a i r  - 
ultrahigh pu r i t y  grade, best  source. 

8.2 Gas cal ibra t ion  standards - cyli  ndcr(s) containing apprmimately 
10 ppmv of each of t h e  following colapounds of interest: 

v i  nyl chl or i  de 
vinyl i  dcnc chl orlde 
l , l , t - t r ichloro-l  J.2- 

tri fluoroethane 
chlorofonn 
I -2-4 chl ororthane 
benzene 
to 1 uene 
Fraon 12 
methyl chloride 
1.2-di chloro-1 .l,Z,Z-tetrafl uoroethane 
pet@ 1 branidc  
ethyl chloride 
Freon 11 
di  chloromethane 
1 J-di chl oroethane 
ti s- l ,&ai chl or oet hy I ene 
I ,2-ai cn i orourmane 
1 ,i ,Z-trichioroethane 

1,2-dtbromoethane 
tetrachl oroethy lene 
chl orobenzene 
benzyl ch 1 o r i  de 
hexachl oro-l,3-butadi ene 

carbon tetrachloride 
trich 1 oroethy lene 
ci s-1 Jodi c3i oroorooene 
trans-1,3-aicnloropropene 
e thyl  benzene 
+xylene 
m-x y 1 ene 
p- x y 1 e ne 
s ty fen e 
!,1,2,Z-tetracnl oroet,hane 
1,3,5-~rimetnyl benzene 
1 ,2 *4-:yimet9y : benzene 
m-ai c31 o r 0  cen tene 
0-ai cni orooenzene 
p-di chlorobenzene 
i ,2,$-trieBl orooenzzne 

=thy1 c f r 1 O r Q f O i T l  
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a -3 

8-1 

- .  
0-7 

8 a 0  

a The cylinder(s) s h u l d  be traceable to a h t lona l  Bureau o f  
Standards (NES) Standard Reference Haterla1 (Sf f l )  o r  to a NBS/EPA 
approved Cert l f l rd Reference Matertal (CRn) ,  The cmponents rnay 
be purehasad i n  one cylinder o r  may be. separated i n t o  di f fe l rnt  
cylinthn, Refer t o  m n u f a c t w r ' s  tpecificatlon f o r  guidance on 
purehasing and mixing V d C t  in gas cylindrn, Those corpoundr 
purebased should match me's om target list,  
Cryogen - liquid aotygrn (bp d03,0°C), o r  fiquid argon (bp 
-USa7'C) , b e  SOW=, 

6u purl f ieo - comectd in-line between hydrogen, nitrogen, and 
zero air gu cylincho and system inlet line, to ranovc moisture 
and oqanic i q u r f t i e s  h.01 gas streams (Alltech Asmciates,  
2051 Yukegan Road, &rfleld,  11, 60015, or equivalent). 
Deionized water - high per ioruncc  l iquid chrwatography (HPLC) 
grade, ultrahigh purfty (for huaidffler), best sourceo 
Cbraofluorobrnttncr - used fo r  tuning 6 C d ,  best  source. 
Hexane - for cleuring trpling systam caponents,  reagent grade, 0 
k s t  s o U r c 8 0  
Uathanol - for cleaning .rampling systam cmponentt, reagent grade, 
b e s t  source, 

9,  Sampling System 

9.1 S y s t c n  Description 

9 ,101 Subatnospheric Pressure Saarpiing [See Figure 2 (Without Heral 
Bello# Type Puap)] 
9.1.1,l I n  preparat ion for subatmospheric sample c o l l e c-  

t i o n  f n  a canister, the anistcr i s  evacuated t o  
0.05 mm Hg. When opened to the  atmosphere con- 
taining the V a s  to k samoled, the d i f f e r e n t i a l  

gtessure causes :ae sanpir :a ??ow i n t o  :he an- 
istcr. T h i s  technique rnay be usea t o  collecf grab 
samoles (duration of 10 t o  -30 seconds) or time-' 
integrated samples (duration of  12 t o  24 hours) 
taken through a f l ow- te s tr i c ive  inlet (e.g., 
?ass *Tow c ~ r r t ~ c ~ l l e r ,  ~ + t i c 3 ?  q r i f f c z l .  

0001478 
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9.1.1.2 With a critical orifice f low restrictor,  them will 
be a decrease i n  the f l o w  rate as t h e  pressure 
approaches atmspheric. However, w i t h  a mass flow 
control ler , the subatmospheri c samplf ng system can 
maintain a constant f l o w  rate frrm futl  vacuum t o  
wi th ln  about 7 kPa (1.0 psi) o r  less below ambient 
pres sure. 

9.1.2 Pressurized Samgll ng [See Figur; 2 (With Metal Bel lorn Type Pump). 

9.1.2.1 Pressurized sampling i s  used when longer-tern i n t e -  
grated samples or higher volume samples are required, 
The sample is collected i n  a canister using a pump - 

and f low control arrangement t o  achieve a typical 
cO3-206 kPa (15-30 p s i g )  final canister pressure. 
For example, a 6- liter evacuated canister can be 
f i l led a t  10 &/,in f o r  24 hours to achieve a f ina l  
pressure of about 144 kPa (21 p s i g ) .  

pump dram i n  d i e n t  air fran the sampling manifold 
t o  f i l l  and pressurize t h e  sample canister. 

9.1:2.2 In pressurized canister sampling, a metal bellows type 

9.1.3 A l l  Samplers 

9.1.3.1 A flow control device is chosen ta  main ta in  a constant 
n o w  i n t o  the canister over t h e  desired sample period. 
This flow rate is  detennined so the canister is f i l l e d  
(to about 88.1 kPa f o r  subatmospheric pressure sampl- 

ing o r  to about one atmsphere above anbient pressure 
f o r  pressurized sampli ng) ove r  the desired sample 
period. The flow ra te  can be calculated by 

where: 

F = flow ra te  ( c n 3 / m i n ) ,  
P - f i n a l  canister pressure, atmospheres 

a b s o l u t e .  9 is aoproxirnateiy eaua: :J 

2 r  .. . - 3 ~ 8  -a - - 
, 3 ? . 1 -  



v = VOI- ~f th+ canister (d), 
f = s lp l e  period (houm). 

For atample, I f  a 6-L canistar 1s to be filled 
to 202 Wa ( 2  atmospheres) absolute pressure i n  
24 h o u r s , ' t L  flow rate can be cplculated by 

F = 2 x 6000 1 0.3 &/.in - 
9.1.3.2 For rttorrtlc aglrttion, the timer is wired t o  s t a r t  

and stop the p u p  a t  appraOrlate t i m e s  for the d e s i r e d  
sample period. The tirrt mutt also control the sole- 
noid valve, to o p n  t h e  valve then s t a r f ing  t h e  pump 
a d  close the vrl ve when stoppf ng the puop, 

9.1.3.3 The use of the Skinner !hglelatch valve avoids any 
substantial t operatum ri sa that would occur w i t h  

a conventlonal, norully clased solenoid valve that 
would b a n  to be m i z e d  during the entire Sample 
period, The tampentfura .rtse i n  the valve could 
causa outgattiq of  orpanic -pounds fra'the Vfton 
valve seat mated a1 . The Skinner Magnelatch 
valve quires  only a br ief  electrical pulse to 
open o r  close a t  t h e  appropriate start and s t o p  
t i -  and t h e r d o r r  experiences no temperature 
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increase, The pulses may be obtained e i ther  
wf th  an electronic tiarr that can be programed 
for s b r t  (5  t o  60 seconds) Ow periods, o r  w i t h  
a comrntional mechanical t i rrr  and a special 
pulse circuit, 

. f o r  operating the Skinner &telatch solenoid valve 
w i t h  a canventional mec!lanica'l ::mer is illusttztta 
i n  Figure 9 ( a ) .  However, w i t h  t h i s  simole circuit. 
the valve  may operate unreliably d u r i n g  b d e f  

power intarnaptions o r  i f  :he timer is manually 
switched on and o f f  too fast, A better circuit i n -  

A simple electrical pulse circuit 

corporating a timedelay relay t o  provide more re- 0 
-. -, * j s : s  ia ive =ae t l r ' an  :s fzown - 7  - * c u ~ f c  : ~ k _ . .  
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9.1 .3 .S 

9.1 -3.6 

The connecting 1.1 ne between the sample In le t  and the 
canister should be as short  as possible t o  minimize 
their volume. The f l o w  rate i n t o  the canfster should 
remain relatively constant over the entire sampling 
pcriod. If a crit lcal  o r f f l c t  1s used, some drop i n  
the f l o w  rate may occur near the end o f  the sample 
period as the canister pressure approaches the final 
cat a l a t e d  pressure. . 
As an optfon, a sacond electronic timer (set  Sec- 
tion 7.1.1.6) may be used t o  s ta r t  the auxi l iary  
pump several houri pr io r  to t h e  sampling pe r iod  
t o  flush and condition t h e  Inlet line. 
Pr io r  to f ie ld use, each sampling system must pass 
a h i d  rem air certification (see Section 12.2.2). 
A l l  plunbing should be c)Lccked carefully f o r  leaks. 
The cants ten antst also pass a humid zero air  c e e i -  
fication before use (see Section 12.1) . 

9.2 Sampling Procedure 

9.2.1 The sample canister should be cleaned and tested according 
t o  the  procedure i n  Sec t ion  12.1. 

9.2.2 A sample collection system i s  assembled as  shown i n  Figure 2 

(and Figure 3) and must meet certification requirements as 
o u t l i n e d  i n  Section 122.3, 
should be contained i n  an appropdate enc1osure.l 
P r i o r  to  locating the sampling system,' the user may want t o  
perform 'screening analyses" using a por tab le  GC s y s t e m ,  

as outlined i n  Appendix 8, to detennine potential  v o l a t i l e  
organics present and putential "hot spots." The ! n i o m a t t o n  

gathers fran :ae ; l o c a l e  2: scteaning snaiys:s w i a  =e 
used i n  developing a monitoring protocal, wnic t l  'ncludes Zfre 
samolfng system location, based upon the "screening a n a l y s i s "  

resul ts .  
A f t e r  "screening a n a l y s i s , "  t h e  sampli ng system i s 1 ocate4. 
T m o e r k t w e s  of x m e n t  a i r  and samoltr Sox intsr+$r 3r9 

[Note: The sampling s y s t e m  

9.2-3 

9.2.4 

-.,-= . .  -?s:r-:ec :: :;,n--- 3 b 2 r  icrg "? '42ic fZ',f :;;SOT - 3 - s  . . - -he ;-:- , , , a w l n a  *,isiuss:on ;S n ? : ~ . t ~ <  ~a "cur? 1.- 
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9.z.a 
9.2.9 

To14=22 . 

To verify correct sample flow, a . p r e i c e .  (evacuated) 0 
canister i s  used I n  the swllng systam. [Note: For a 
subetmspharic swler,  the f l o w  mtrr a d  practice can- 
i s t e r  are needed, For the pmp-driven s--, the practice 
cantstar i s  nat  mded, as the f l o w  can be measured a t  
the outlet of  the systa.J A cenif led u s s  f low meter 
i s  attlthad t o  the inlet l i n e  of the u n i f o l d ,  just  i n  
Mnt of  the fttkr. The canister i s  oglmed. The sampler 
i s  mmd on ad the reding uf thr t r r t i f i e d  =ass f low 
wter i s  e m  to the srpler ams f l o w  controller. 
The v a t u  should agrn within zla. I f  nut, the sampler 
nass flow rt .r  needs to be mc.altbnted or there 1s a 
teak i n  the mtr, This s h u t d  br fmertfgatd and 

corrUcfed, [Mate: n u t  flar aeter nadlngs may d r i f t .  
Check t fm zero mading a m f u l l y  and d d  or subtract the 
OICO mldfng that reading o r  d j u s t t n g  the sampler f l ow  
fate, to v n s r k  f o r  any zsro 6 1 f t , J  A f t e r  two minut 

-the d d r d  a n i m r  flow rate i s  ldjusted to the proper 
value (as indicated by the artifid .US f l o w  mtcr) by 

tha smler florr control unit contmtter (e-g., 3.5 
& b i n  for 24 hr, 7.0 d / m i n  for 22 hr).  Record final 
f l o w  under 'CNlISTER R O W  RATE,' Figure 10. 

fhe sampler I s  turned o f f  and tho elapsed time meter i s  . 
reset to 000.0. Note: Any tfme the samuler 1s turned 
off ,  wait a t  least 30 seconds to turn the sampler back on. 
The 'practice' canister and cartff led mass f l o w  meter 

a r e  disconnected and a clean cartiffed (see Section 12.1) 
canister is attached t o  the  systenr, 
The canister valve and vacuudpressure gauge vaIvc are o o e n a .  
Pressure/vacum i n -  t h e  canister i s  t s o r a e d  on t3e  caniszer 
sampling f j e l d  data sheet (Figure 10) as i n a i a t e d  3y :he 
s a p  1 e r v a c u d  pres sure gauge . 

9.2.10 The vacuum/pressure gauge valve is c?osed and the maximum- 
minimar thenaoocter is reset to current temperature. 
Or day and elapsed tfm meter readings are recoraed on t9e 

= R ? S Z ~ ~  ;am3?i 3s ? sru :at2 j i t e ? .  
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9.2.12 After the desired sampling period, the m a x i m u m ,  minimum,  
current interior tenperature and current ambient temper- 
ature are recorded on the sampli ng fie1 d data sheet, The 
current teadi ng fram the f l o w  control ler i s  recorded. 

9.2.13 A t  the end o f  the sampling period, the vacuum/prcssure 
gauge valva on t h e  sampler i s  brfefly opened and closed 
a d  t h e  ptessuta/vacuua i s  recorded on t h e  sampling f ie ld 
data sheet .  Pressure should be close to desired pressure. 
[Note: For a subatnospheric sawling system, i f  the 
canister is a t  atmospheric pressure when the field final 
pressure check i s  per3omed, the sampling period may be 
suspect. This Information should be noted on :he sampl-. 
ing f i e ld  data sheet.] Time of day and elapsed time 
meter readings are also recorded. 

9.2.14 The canister valve i s  closed. The sampling line is  dis- 
connected.frum the canister and t h e  canister i s  removed 
frau the system. For a subatauspheric system, a certi- 

. fied mass f l o w  mater is once agai-n connected t o  the i n-  

let manifold i n  front o f  t h e  in-line f i l t e r  and a *prac- 
t ice" canister is attached t o  the Magnctatch val.ve of 
t h e  sampling system. The ffnal  f l o w  rate i s  recorded 
on the canister samplfng ffe'id data sheet (sea Figure 
IO), [Note: .Fur a pressurized system, the f ina l  f l o w  

may be measured directly.] The sampler i s  turned o f f .  

i s te r  seri al number, sample number, location, 'and date 
are recorded on t h e  tag. 

~ 

* 

9.2.15 An identification tag i s  attached t o  the canister. Can- 

10. Analytical System (Se2 Figures 4,  5 and 6 )  

10.1 5ys:em 3esc.-iotfon 

10 .1 .1 GC-MS-5CAN * System 

1 0 o ~ o ~ . l  The  analyt ica l  system i s  cmprised of a GC 
equipped with a mass-selecrive detector s i t  
i n  t h e  SCAN mude (see Fiqute 4 ) .  A l l .  i ons ,  

. -- . + , 2  '2 --.P3a-1,-:I. . . . - - -  r -9.0 :-1 ;*: - -  , .  . 
_ - - - - - - .  . - - .  y ...- _ .  
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0 6C mn, The systas includhs a cmputcr and 
appraprf ate software for data a c q u i s i t i o n ,  
data reduction, and data r epor t ing ,  A 400 
03 a i r  sample is COI Iected frua the c a n i s t e r  
into the a n a l y t i c a l  system. The sample a i r  is  
f i i t  passed through a Haffon. dryer, t h r o u g h  
the 6-port chrau togrgh ic  valve, then ruuted 
i n t o  a cryogenic  trap. [Nata: White t h e  
GC-#lltfdeteetor analyt4cal s y s t m  does nof 
aploy a Nafion. dryer for dry ing  the sample 
gas rtt~u,-it is used hem kcausa thc 6C-i6 
systm ut i l i zes  a Iargrr twple voluac and i s  
far awe sarrritfve to excess ive  mois ture  than - 
the 6 C - m ~ t i d e t e c t o r  analytical rystm, Mois- 
ture can d n n d y  affect detector precision. 
The Malion. dryer also prevents f r e t r i n g  of 
mistme an the 0.32 m I,D, colu~pn, hich my 
urse’cpl&n blockage and possible bnakagc,l 
The trw is heated (-160% to 120.C i n  60 s e d  
and tJm analytr is i n j e c t e d  onto thc OV-1 cap- 
i l l a ry  colun (0.32 n u  x SO m). [Note: Rapid 
heating of t h e  trap provides e f f i c ien t  transfer 
o f  the sample carponcnts onto the  gas c a r m a t o -  
graphfc colunen,] Upon sample i n j e c t o n  onto 
the colunn, the t8 cauputcr is signaled by 

the 6C carputer to begin detection o f  coapounds 
which elute frca the C a l i ,  The gas stream 
fra t h e  GC i s  scanned w i t h i n  a preseieced 
range of atomic mass u n i t s  (am). For detec- 
tfon o f  canpounds i n  :&?e 1, tbe t a n q  snoulo 

a t  18 to 250 am, resuiti,q : n  a -,s :tt rsez:-  
t i o n  rate, S i x  ( 6 )  scans per eluting :nrmato- 
graphic peak are prwfdrd a t  t h i s  r3tC. fbe 

10-15 l a rges t  peaks a r e  chosen by an a u t m a t e d  
data reauction program, t h e  t,hree scans nearas, 

. -  

a 
39.-K 3St.X :?? ‘vor:;c, z.?c 5 ,.ac::.;’?lnc :-2- 
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o f  t h e  sample is  provided by this procedure, A 

t yp ica l  chranatogram o f  VOCs detemined by G C - 6 -  
SCAN is  illustrated i n  f l g u r e  N a ) .  

10.1.1.2 A Nafion. permeable membrane drye r  i s  used t o  
r w v e  water vapor s e l e c t i v e l y  fran the sample 
stmaat. The permeable membrane c o n s i s t s  of 
Nafiofl tubing ( a  copolymer o f  t e t r a f l u o r o e t h y l e n e  
and fl uorosul  fonyl monomer) t h a t  i s coaxi a1 1 y 
munted w i t h i n  larger tubing. The sample stream 
is passed through t h e  interior of t h e  Natione 
tubing,  allowing water (and other l f g h t ,  p o l a r  
compounds) t o  p e m e a t e  through t h e  walls i n t o  a 
dry a i r  purge stream flowing through the annular  
space between t h e  Naffon. and outer tubing,  
[Note: To prevent  excess ive  moisture bui ld- up 
and any mcarory effects f n  t h e  d rye r ,  a clean-  
up procedure involving p e r i o d i c  heat ing of the 
dryer (100.C f o r  20 minutes) while purging w i t h  
dry zero a i r  (500 cd /min)  should be fmplemented 
as part o f  t h e  user's SOP manual. The clean-up 
procedure is repeated dur ing each ana lys i s  (see 

Sec t ion  14, r e fe rence  7). Recent s tud ies  have 
ind ica ted  no s u b s t a n t i a l  l o s s  o f  t a r g e t e d  
VOCs u t i l i z i n g  t h e  above clean-up procedure 
(7) .  This cleanup procedure is  p a r t i c u l a r l y  
useful when employing cryogenic preconcentra t ion  
o f  VOCs w i t h  subsequent GC a n a l y s i s  usi ng a 

0.32 mm 1.D. column because excess accumulattx 

Hater can cause trap and column slocxaae ana 
3lsa aaversaiy aifec, a e t t c 3 r  ?res: s;on. 
In a a d i t i o n ,  the improvement i n  water removai 
frun the samoling s t ream will allow a n a l y s s s  
of much larger volumes o f  sampie air i n  t n e  
event t h a t  g r e a t e r  system s e n s i t f v i t y  i s  
r e a i  r e d  f o r  :ar?etd  ~ m o o u n d s  .I 
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0 1Oe1J03 The packed metal tublq  used f o r  reduced tan- 
pratut. trapplng o f  VoCr 1s shorm i n  Figure 12. 
The woling u n i t  is caprltad of a 0-32 an out-  
sidr diameter (0-Do) nfckel tubing loop packed 
with  $(Fa arrh Pyra0,beads (Nutech Model 

32041, o r  equivalent) .  The nickel tubing loop 
fr wolnd onto a cy l ind r i ca l l y  f o m d  t u b e  heater  
(250 uatt), A cartridge Miter  (25 watt) is 
undwiched ktweu~ p i e u s  o f  alurrlnur p la t e  
at tha trg i n l e t  and o u t l e t  t o  prwiQ addi- 
tionrl hart to eliainata cold spots i n  the 
tnnrfet tubing. During operation,  t h e  t rap 

i t  inside a tuo=r.cfion stainless steel shell 
*Id, i t  welt insulated,  Rapid heating 
(-lN t o  +10O0C i n  55 t) 1s r u ~ ~ p l f o h c d  by 
direct them1 contact k t # a n  the heater 
a d  the t r a p  tubiq.  bating i s  achieved by 

vaporlzr t lon of the cryogen, In the shell 
Hfiicient cooling ('+EO ~O'-ISO~C i n  225 s) 
i s  fac i l i ta td  by cod lnfag  t h e  vaporized 
cryogen to the m l l  open voluw surrounding 
ttte trap a s s m l y ,  t r a p  assemty ami 
c h r a u t o g r w h i c  valve are mounted on a 
baseplate f i t ted  i n fo  the i n j ec t i on  and 

a r x i l i a y  tones o f  the 6C on an insulated 
pad dlmctly above the colum oven when used 

with tJm Hcwlett-Packard 5880 GC, [Note: 
Alternat ive  t r4  asscnoly and connecion t o  
the GC may be used depending upon gser's 
rsquirrmcms,] fhc carr ier  !as l i n e  i s  csn- 
neGcd to *  t h e  injection end o f  :he ma ly t fca l  
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10.1.1.4 As an op t ion ,  t h e  a n a l y s t  may wish t o  sp l i t  
the gas s t r eam e x i t l n g  the column w i t h  a 
low dead-volumc tee, passing one-third 
o f  the sample gas (1.0 ml/min) to the mass- 
selectlve detector and the remaining two- 
t h i r d s  (2.0 ak/min) through a flame 
i o n i z a t i o n  detector, as i l l u s t r a t e d  as an 
opt ion  i n  Flgura 4. The use of the specific 
detector (MS-SCAN) coupled w i t h  the non- 
sped fic d e t e c t o r  (FID) enabler  enhancement 
of data acquired  from a s i n g l e  a n a l y s i s ,  
p a r t l c u l a r ,  the FID provides the user: 

In 

o Sed-real time p-jcture o f  the progress 
of t he  a n a l y t i c a l  scheme; 

o Confinnation by the concurrent  MS 
a n a l y s i s  o f  other labs  t h a t  can prwide 
only FID r e s u l t s ;  and 

o A b i l i t y  t o  cmpare GC-FID & i t h  o t h e r  
a n a l y t i c a l  laboratories w i t h  only GC- 
FID capabi 1 I t y  , 

10.1 .2 GC-6-SIM System 

10.1.2.1 The a n a l y t i c a l  system i s  canpr ised  o f  a GC 
equipped w i t h  an OV-1 c a p i l l a r y  column (0.32 mm 
x 50 m )  and a mass-selective d e t e c t o r  set i n  
t he  SIN mode (set f i g u r e  4 ) .  The GC-t% i s  
set up f o r  automatic,  repetitlva ana lys i s .  
The system i s  programed to acquire data f o r  
only the t a r g e t  compounds and t o  disregard 
a l l  others. The sensitivity is 0.1 ?pov for 
a 250 a& a i r  sample w i t 3  a n a l p i c a 1  3rec:sion 
of anout 5: r e l a t i v e  s tanaara  aevtar:on. Can- 
c e n t r a t i o n  of  compounds based upon a y e v i o u s l y  

i n s t a l l e d  c a l i b r a t i o n  t a l e  i s  regomed 3 y  a n  
automated d a t a  r e u u c t i o n  program. 
d r y e r  i s  a l so  employed by t h i s  analyt-ieal sys; 

:ST :r;gr :: :--?r)cpqi c .r?C:zctqt-iz-qn: f - s ~ ? -  
*;I-?. ;any : a , z f  : Z ~ C C U T . C S  it-? 7s: ,2n-,---=n _- 
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10,l.Z.Z SIM analysis is based on a canbination of reten- 
t i o n  t i m e s  and relative abundances o f  selected 
ions (see Table 2 ) .  These qualifiers are stored 
on t h e  hard d i s k  o f  the GC-MS canputer and are 
applied f o r  identlfication of each chranato- 
graphic peak,  The retention time qualifier i s  
determined t o  be - + 0.10 minute of  the library 
retention tlme of t h e  canpound. 
level f o r  relative abundance i s  detennined t o  
be 2 15% o f  the expected abundance, except f o r  
vinyl chloride and methylene chloride, which 
i s  detennined t o  be - + 25:. 
s u r d  f o r  most o f  the f o r t y  ccmpounds. When 
compound identification i s  made by the computer, 
any peak that f a i l s  any of  the qualifying tests 

The acteptance 

Three ions are mea- 

d 

is flagged (e,g., with an *). 
should be manual ly examined by the analyst 
t o  detennine the reason. f o r  the fSag and 
whether the compound should be reported a s .  
found. While this adds some subjective 
judgment to  the anal ys is, cmput er-generated 
identification problems can be clarified by 
an experienced operator. Manual insoection 
o f  the quantitative resuits snou id  also be 
perfonned t o  verify concentrations outside 
the expected range. A typical chranatogram 
of VOCs determined by GC-MS-SiM nude is 
i l lu s t r a t ed  i n  F igure  l i ( b ) .  

All the da ta  

10.1.3 GC-Yultidetec'or ( G C - i I D - E C a )  S y s t m  wi th  0o t :ona i  J ? D  

X.L.3.1 The analytical systern (see z'igure 5 )  is 
caprised o f  a gas ChromatOgraDh e q u i p p e d  
w i t h  a capillary co lumn  ana sleczton capture 
and flame i o n i  z a t i o n  detectors ( SZC Figure 5 ) 



. . .  

1s vented t o  the atmsphere. Subambient 
pressure canisters are connected directly t o  
the inlet. The sample gas stream i s  routed 
through a six port chranatographic valve and 

into the cryogenic trap fo r  a total sample 
volume o f  490 ad. [Note: T h i s  represents a 
14 minute sampling period a t  a rate o f  35 
cn?/min.] The trap (se t  Section 10.1.1.3) 
is cooled t o  - 1 S O O C  by controlled release o f  
a cryogen. VOCs and SVOCs are condensed on 
the t r ap  surface while %, 02, and other sample 
canponents are passed t o  the pump. After the 
Organic compounds are concentrated * the Val ve 
1s switched and the trap 1s heated. The revola- 
tllired canpounds are transported by helium 
carrier gas a t  a rate of 4 c m 3 / m i n  t o  the 
head o f  t h e  Megabore. OV- f capillary column 
(0.53 trm x 30 m) .  Since the colum in i tda l  
temperature is  a t  -5OoC, the VOCs and SVOCs 
are cryofocussed on the head of the column. 
Then, the oven temperature i s  programmed t o  
increase arid the VOCs/SVOCs i n  the carrier gar 
are chromatographically separated. The carrier 
gas containing the separated VOCs/SVOCs is  then 
directed t o  two parallel detectors a f  a f l o w  
rate o f  2 d / m i n  each. The detectors sense 
the presence o f  the speciated VOCs/SVOCs, and 
the response is recorded by either d strip 
CtIart recorder or a d a t a  processing u n i t .  

4 

iO.1.2.2 Typical cnrornatograms o f  ' fOCs deten inecr  by 

:he X-i:D-EC3 a n i l ~ : c 3 1  jjrszen 3r0  f l  I U S -  
t r a t e d  In Figures l l ( c )  a n d  l i ( d ) ,  resoecz:vely. 
Helium i s  used as the carrier gas ( 4  cm3/rnin) 
t o  purge residual a i r  from t h e  trap a t  t h e  

end o f  the  sampling phase and t o  carry the 
-2vo?3t!?;zzd ''OCs thrauan :he +?morea  

~~ - -  ,,:,.~,,n. - - ,  lo : - -**- -  - n n  - - - - - -  - - - a  - - - - a <  

qro - ? n o v ~ a  ;r:n :xe 7eY-m 325 s:~??V Z Y  1 

cnemical purifier inszal  led i n  tfle GC i scc 

10.1.3.3 

-"e. - - 4 , "  - -2.0 I "  ..-a. - -- 
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Section 7.2.1.11). After a l t i n g  the OV-1 
Megabore. alum, the carrier gas stream i s  
spl i t  to the two d e t e o n  a t  rates af 2 
c d h i n  eah.  
Gas scrubbers containing D r i e t f t e  or si l ica 
gel and SA nmlecutar slew are used to remove 
rsisture and organic l rpuri t fcr  f r a  the zero 
a i r ,  bdrogm, and nitrogen gas streams. [Note: 

Purity o f  gas purifierr i s  checked prior to use 
by pasting humid 
and analyzing according t o  -Ion 12,2.2.1 
All llnes should be k e p t  as short  as practical. 
All tubing used f o r  the systm should be &to- 
matographic grade stainless steel connected 
with stainless steel f i t t ings.  After assembly, 
the systuu should be dmcted for leaks accord- 
ing to  unufactunr's sped fications. 
Th. FID burner ai& hy-, nitrogcn (make- 
up), a d  helium ( c a d e t )  f low rat& strould 
be ut according to the mnufacturrr't lmtruc- 
tions to obtain an optlaP1 FID response while 
maintaining a stable f l a n  throughout the analy- 
s i s -  Typical flow rates are: burner air, 450 
ad/n in;  hydrogen, 30 d / m i n ;  nitrogen, 30 
&/,in; helium, 2 &/,in, 
The ECD nitrogen make-up gas and he1 f ua carrier 
f l o w  rates should be set according t o  rnanufac- 
t u r d s  i n s m a i o n s  to obtain an optimal ECI) 

response, Typical f l o w  rates are: nitragen, 
76 ad/min am helium, 2 a d / m i n .  
The GC-r'ID-EC3 could be soai fiea t a  incI uce .a 
PID (see Figure 6 )  for increased s e n s i t i v l z y  

(20). 
cure i s  ionized by ultraviolet light as follows: 
R + hv --> R + e-, rrhere R+ i s  the i on i zsd  spect _- 
?no z :33tsn 's - ? c ? z s e x z  ::I -*I, d t z ?  ?*ep"': - -  
- t s s  x a n  w Z u a ;  :3 x g  - o n i z ~ z - t ~ n  xttrrt,::: :- 

thratgh the gas purifier 

0 

In the photoionization process, a moie- 

nu,kbg* I C l l C l  f I I V I I * I I R U . I I I  

. 

' .  

10-1 -3 -4 

10.1.3.5 

10,1.3 -6 

10-1.3 .7 

10.1 -3 .a 
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the molecule, Generally a l l  species w i t h  an 
ionizat ion potenti a1 less t h a n  the i o n i z a t i o n  
energy o f  the lamp are detected. Because the 
ionitatfon potential o f  all major cunponents 
o f  air (02, Nz, CO, CO2, and H20) i s  greater 
than the ionization energy o f  lamps i n  general 
use, they are n o t  detected. The sensor i s  
canprised of an argon-fi1 led, ultraviolet (UV) 

l i g h t  source where a portion of  the organic 
vapors are ionized i n  the gas stream. A pair 
of electrodes are contained i n  a chamber adja- 
cent to t h e  sensor. When a positive po ten t i a l  
Is appl ied  t o  t h e  electrodes, any ions f o n e d  
by the absorption of W l i g h t  are driven by 

the created electronic field t o  the cathode, 
and the current (proportional t o  the organic 
vapor concentratfon) i s  measured. The P f D  
1s generally used fo r  canpounds having ion i-  
zation potentials less than the ratings of  
the ultraviolet lamps, T h i s  detector is  
used f o r  detennination of most cnlor inated  
and oxygenated hydrocarbons, aranatic 

canpounds , 
t o  methane, ethane, carbon mnoxi de, :arbon 
dioxide ,  and water vapor, i t i s  an excel lent 
detector. The electron v o l t  r a t i n g  is appl ied 

s p e c i f i c a l l y  to the wavelength o f  the mast  

imense m i s s i o n  lfne of :he :atno's o u t x t  

soecmn.  Some Cmoounds d i t 3  ' on t :z t ron  
9otenti a i s  aoove the lamo r d t i  ng can s t ; i  i 
be d e t e c t e d  due t o  t h e  presence of small 
quan t i t i e s  o f  m r e  inttnse l i g n t .  A t:mic31 
system c o n f i g u r a t i o n  associ a t e l  with m e  
~ s L - ? ~ Z - E ~ Z ~ - ~ I ~  is i l l u s t r a t a d  i n  F!'qr;to S : ,  

,canpounds, and h i g h  mlecular w e i g h t  aliphatic 
Becau sea the PI D i s i ns ens 7 t i  ve 

-- 
-- . - - :., < - z m  . . - --?n', ; + - - z  -52,: - - - - - - -. - -I-. - - - a  - - 

" J  -3 8 .'?;an T i  F JX: =; d:3?::ri 1: ' Y S ? : ~ .  



10.2 CC-HS-SCIv(-SIH S y s t e m  Perfornunee Cri teria 

10.2.1 6t-6 System Operation 

10,2.1.1 Prior to analysis, the 6C-IS system i s  assenrbled 
and checked according t o  aamfacturer's instroc- 
ttons 0 

10.2,1,2 Table 3.0 outlfnes general aperating conditions 
for the GC-MS-SCAW-SIH systea  with  optional FID 

10,2.1,3 The GC-S systam f s ffnt &a1 lenged w i t h  humid 

zero air (see k c t i o n  11.2.2). 
10.2.1.4 The 6C-IS and Wtional FID sys tm i s  acceptable 

if it contains less than 0.2 ppbv o f  targeted 
VOCS. 

10.22 Daily 6C-K Tuning (See Figure 13) 

10.2.2.1 A t  the beginning of e& day or p r i o r  to a 
cal ibrat ion,  the 6C-S system must be tmed t o  
verify tfut acceptable pedonnance cr i t e r ia  a 
rdr.1 wed, 

10.2.2.2 For tuning the Gc-S, a cylinder containing 
kbrooofluoroknrene i s  introduced via a 
sample loop valve fnjecfion system. [Note: 
S a m  system allow auto-tuning t o  f ac i l i t a te  
tMs proass. ]  fhe key ions and i on  aoundance 
criteria tha t  mst be met a r t  i l lustrated in 

a l l  those criteria a re  mf. 

10.2.2.3 The 6C-MS tuning standard could alsa be used t3 
assess GC column performance (cnranatograpnic 
check) and as an internal rzanaard. J b t a i n  a 
aackgrouna corteczon t a s s  speccra af j-wmo- 
fluorobenzene and c i e c k  that  a l l  key ions cr i-  
t e r i a  are met. If the c r i t e r i a  are nor JCiieveS. 

the analyst must retune t h e  mass sptcrometer ana 
repeat t h e  t e s t  u n t i l  a l l  c r i t e r i a  are a c 3 i e m  

- - .- *-. - 7s :a?-imancr ::-zz?-z ius: :e xz -?Vec  . 
~ R : J  : m a ; t s ,  : : i n ~ s  :r :t33~3r=5 :ro :nai:rzzc, _ I  

. Table 40 Analysis should nut begin u n t i l  

-3-- -1 * m  .. , -. 
. .  

r s q u l q ?  Hiid m r  inm nuwi 
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any key ion  abundance observed f o r  the d a i l y  4- 
bromofl uorobenrene mass t u n i  ng check di f fers  by 
more t h a n  102 a b s o l u t e  abundance fran t h a t  observed 
d u r i n g  the p rev ious  daily t u n i n g ,  the in s t rumen t  
must be re tuned  or the sample and/or  c a l i b r a t i o n  
'gases reana lyzed  u n t i l  the above c o n d i t i o n  Is met. 

10.2.3 GC-M5 C a l i b r a t i o n  (Set F i g u r e  13) 

CNute: 
i f 1 u s t r a t e d  I n  F i g u r e  13.1 
10,2,3,1 I n i t i a l  C a l i b r a t i o n  - I n i t i a l l y ,  a m u l t i p o i n t  dy- 

I n i t i a l  and r o u t i n e  c a l i b r a t i o n  procedures  a r e  

namic c a l i b r a t i o n  (three levels p l u s  humid zeru 
air) i t  peflonned on t h e  GC-MS system, before - 

sapla  a n a l y s i s ,  wi th  t h e  a s s i s t a n c e  of a c a l i b r a-  
t i o n  syrtera (see F igu re  8) .  The c a l i b r a t i o n  sys- 
tun u s e s  NBS traceable standards o r  N W E P A  CRMs 
I n  p r e s s u r i z e d  c y l i n d e r s  ( c o n t a i n i n g  a mix tu re  

. of the targeted VOCs a t  naninal c o n c e n t r a t i o n s  of 
10 ppmv i n  n i t r o g e n  ( S e c t i o n  8.2)] a s  worki'ng 
standards to be d i l u t e d  w i t h  humid zero a i r .  The 
c o n t e n t s  o f  the working s t a n d a r d  cyl inder(s)  are 
metered ( 2  m3/min) i n t o  the heated mixing charme? 
where they are mixed w i t h  a Z-L /min  humidif ied 
zero air gas s t r e a m  t o  ach i eve  a naninal 10 ppbv 
per c a p o u n d  cal i b r a t i o n  mixture (see Figure 3 ) .  
t h i s  nanina l  10 ppbv s t anda rd  mix ture  i s  al lowed 
to f l o w  and e q u i l i b r a t e  f o r  a minimum o f  30 min-  
utes. After  t h e  e q u i l i b r a t i o n  period,  t h e  gas 
standard mixture is  samoled and analyzed by tbe 
r ea l- t ime  GC-iG systern :see F igurp  3 ( a )  and Sec- 

averaged,  f low a u d i t s  are  gerformea 3n 2 I e  ?lass 

f low  meters and the c a l c u l a t e d  c o n c e n t r a t i o n  cm- 
pared t o  genera ted  values. A f t e r  2 ? e  GC-4% is 
cal i bratsd a t  thf ee c3nc2nt ra t ion  level 5 ,  d SeC3Cd 

%mid :LV a i r  ;amole ;'i j assea  z~tc:.~;:: t - x  3 V s ' , v  

- . a -  i E t l - .  222. 

1 S t q  veris:/ ::at ::e :L-.J5 j:JzTzT ' j Zt?.'" t S  

c lean ( l e s s  x a n  0.2 j p o v  gf :wzez cmoounas: , 

:+on f I 9 .-.--. 7 -  'he -9suIts Y ?  :,;?e waiyses v i  

- a c z  -3 ::.-="= -,.f:= : z r ~  - "  - -- - *  -. -- 
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0 10.2.3.2 As an alternative, a mul t ipoint  humid s ta t i c  
cal ibrat ion (thtaa levels plus zem h i d  a i r )  
a n  k perforpad on th. 6C-MS syrtcn. 
the h i d  s t a t i c  cal ibrat ion analyses, three 
(3)  SUmA* pnssivatad canisters are f i l l e d  
each at a d i f fe rent  concentration between 1-20 
ppbv f r a  th cal ibra t ion ran i fo ld  using a 
pump and mass flow control  a r ranga tm  [see 

Flgurr 8(c)l.  The canitten are then delivered 
to the =-)Is t o  urn as ca l ib ra t ion standards. 
fhe a n i s t e o  are rnrlyzd by the IS i n  the 
SW mde, ea& analyzed twice. The expected 
m e n t i o n  ti- and ion  abundance (see Tabic 
2 and Table 5) are used to verify proper opera- 
t ton  of the 6t-FIS system. A cal ibrat ion rt- 
$pome factor i s  d e t r d n e d  f o r  tach  analyte, 
as i l l u s t ra ted  I n  Tabie 5, and the cuuputer 
callbration t a l e  Is updated with t h i s  in fo r -  
mt ion ,  as i t l u t t r a t c d  I n  Table’6. 

10.2.3.3 Routine Cal ibrat ion - The 6C-HS system i s  cal- 
ibrated d r i l y  ( a d  before sample analysis) w i t h  
a one-point calibration. The G C - 6  s y s t e n  i s  
Calibrated e i ther  with the dynamic cal ibrat ion 
procedure [see Figure 8(a)! or wi th  a 6-L SUMMA0 
passivated c a n i s t e r  f i l  lea w i t h  numia cal i b r a r i o n  

standards fram the ca l lb ra t ion manifold (see 
k c t i o n  10.2.3.2). A f t e r  the single p o i n t  c a l i -  
bration, t h e  G C - 6  analyt ical  system i s  chal lengeu 
with a humidified zero gas stream t3 insure t2e 
analyt ical  system returns to soecificac:on ! i ess 
:>an 0.2 Jpbv 31 ralec’ve vganics! . 

During 

0 . 

10.3 GC-XD-ECil S y s t m  Performance C r i t e r i a  (Uieh Optional ?!D System) 
(See Figure i4) 

10.3.1 Humid Zen> A i r  Cer t i f i ca t ion  a 10.3.1.1 Before s y s t u n  calf5rztSon anC samola ana lys i s ,  
-* --- --- -‘‘;.:f.f; :.-.<-=m 0 ~ 0 1 4 ~ ~  :.le :&-e .,-c,,, J . ; c .  -.-.. - 5  ? 5 3 t ! 3  25 :we: 
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10.3 01 03 

~ 

10.3.2 6C Retention Tfme Windows Detenninat ion (See Table 7 )  

10.3,Z.i 

TO1435 

The GC-FID-ECD system i s  first challenged w i t h  
humid zero a i r  (set Sec t ion  12.2.2) and moni- 
t o r t d o  
Analytical  systems. contaminated w i t h  1 ess than 
0.2 ppbv o f  targeted VOCs a r e  acceptable,  

Before a n a l y s i s  can be perfonned, the re ten t ion  
time windows must be established f o r  each 
anal yte. 
Make s u r e  t h e  GC system i s  w i t h i n  optimum 
opera t ing  cond i t ions ,  
Make three injections o f  t h e  standard contain-  
I n g  a l l  cclnpounds for  r e t e n t i o n  t h e  window 
determinat ion ,  [Note: The r e t e n t i o n  time 
wlndow must be established for  each a n a l y t e  
every 72 hours dur ing  continuous operation.] 
Ca lcu la te  the s tandard  devi a t i o n  o f  t h e  three 
absolute r e t e n t i o n  times f o r  each single corn- 
ponent standard.  The r e t e n t i o n  window is 
de f ined  a s  t h e  mean p l u s  or minus  three times 
t h e  s tandard  dev ia t ion  o f  the indiv idual  reten-  

t i o n  times f o r  each standard. I n  those  cases 
where the s tandard  dev ia t ion  f o r  a p a r t i c u l a r  
s tandard  is teru, the l abora to ry  must suos t i -  
tute t h e  s tandard  dev ia t ion  o f  a c lose ly-  
eluting, s imi lar  cunpound t o  deve lop  a v a l i d  

retention time window. 

The laboratory must cal culate retent7on :<me 
vinaows f o r  zacn stanaar:! Is20 ao ie  - )  3n 

eacn GC col urn, wnenever a new ;C c o i  umn s 
Ins ta l l ed  o r  wen major canponents o f  tne GC 
are cianged. The d a t a  must be n o t d  and re- 
t a i n e d  i n  a notebook by the l abora to ry  as 
;a6- o f  t h e  user SOP and as a quality aqsurance 

- 

.. __.. ., ::2 ,r.2i: .c---'  - - .  --,e-- . - * -bdn-  - - = p . ,  --* 
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10.3-3 6C C a l i b r a t i o n  

[Mate: I n i t i a l  and r o u t i n e  c a l i b r a t i o n  procedures are 
i l l u s t r a t e d  i n  Figure 14.1 

* .  

1 0 m 3 o 3 o 1  I n i t i a l  C a l i b r a t i o n  - I n i t i a l l y ,  a mul t ipo in t  
dynaaic c a l i b r a t i o n  (thlra l e v e l s  p lus  humid 
zero a l r )  I t  prforrd  on the 6C-FID4CD sys- 
tem, beforu rmple analysis, with t h e  assist- 
anca of a c a l i b r a t i o n  sys- (see Figure 8) .  
The c a l l b c a t l o n  systm uses NBS trachrble 
stmdards or  =/EM f f l r  i n  pressurized 
c y l i n b n  [conta in ing a mixture o f  t h e  
trqeted VOCs a t  n d n a t  concentra t ions  o f  
10 p p r  in n i t t o w  (Sect ion  82)J a s  worzing 
standards to be dfluted With humid tam a i r .  
The contents o f  the working s tandard  cylinders 
arenatared (2 dmn) into tha h a t e d  
Irtxlng & d e r  where they am m i x e d  w i t h  a 
& U d n  humidiffed tefo 'a i r  stream t o  achieve 
a n d n r l  10 ppbv per capund c a l i b r a t i o n  
mixture  (see Figure 8).  This narinal 10 
ppbv s tandard  mixture i s  allowed t o  f low and 
e q u i l i b r a t e  for an appropr ia t e  w u n t  of 
time, After the  e q u i l i b r a t i o n  period,  the gas 

. 

recyclea paper 

standard mixture i s  sampled and. analyzed by- 

the  6C-6 system [see Figure 8(a)3. The 
results o f  the analyses  are averaged, f low 
a u d i t s  are perfonued on the mass f low control- 
lers used t o  generate :he standards and the 
appropr ia t e  resaonse f a c o r s  (concenttat ion/  
area counrs) w e  calcuiatea :'or zacn csmoouna, 
as i l l u s t r a t e d  i n  Table 5,  [ N o t t :  %X?Ds 
a n  l i nea r  I n  the 1-20 ppbv range and may 

na r q u i  re repeated mul t ipo in t  cal i bra- 
tions; whereas, t h e  GC-ECD w i l l  require 

* sp%gex ' i nezr-::i f v a i  vat'3n .- -ao;z 5 S U Z -  
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and retention times f o r  40 VOCs. After the 
GC-FID-ECD i s  calibrated a t  the three concen- 
t r a t ion  levels, a second humid zero air sample 
is passed through the system and analyzed. The  
second humid zem air t e s t  1s used t o  verify 
that t h e  GC-FID-ECD system i s  cert i f ied clean 
(less than 0.2 ppbv of target capounds)  . 

10.3.3.2 Routfne Calibration - A one point calibration 
is performed daily on t h e  analytical system t o  
w i i f y  the in i t ia l  multipoint calfbration (see 
Section 10.3.3.1) . The analyzers (GC-FID-ECD) 
are calibrated (before sample analysis) using 
t h e  s ta t ic  calibration procedures (see Section- 
10.2.3.2) involving pressurized gas cyli nden 
containing low concentrations o f  the targeted 
VOCt (IO ppbv) I n  nitrogen. After c a l i b r a t i o n ,  
humid zero a i r  is once again passed through  the 
analytical system t o  verify residual VOCs are 

. not present. 

10.3.4 GC-FID-ECIl-PfD System Performance Criteri a 

10 - 4  

10.3.4.1 As an o p t i o n ,  the user may wish to include a 
photoionization detector (PID) to  assist i n  
peak identification and increase sensitivity. 

i n  US. Environmental Protect ion Agency's Urban 
A i  r Toxic Pol 1 u t a n t  Program (UATP) . 

10,3.4.3 Preparation o f  t h e  GC-FTD-ECD-PID a n a l y t i c a l  

system i s  identical t o  the GC-FID-ECD system 
(sea Section L0.3). 

f o r  selected organics usi ng the X-XD-EC3-?13  
analytical system. 

10.3.4.2 *This analytical system is presently b e i n g  usea 

LO.3.4.4 Tabie 8 Dutlines typicai ;ezent;on :?mes :nr?nuczs 

Analytical Procedures 

10.4.1 Cani stgr Xecsiot 



4. * 
3 

10,4,1,2 

10.4.1.3 

10,4,1,4 
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Each canister is recorded i n  the  dedicated 
labratory logbook, A l t o  n e e d  on the identi- 
Weation tag a r e  date received and i n i t i a l s  
of recipient. 
The pressure of the canister i s  checked  by 

8ttac)ling a pressure gauge to the unistcr 
inlet. The anlster vrl ve i s  opend b r i  efl y 

and the p m ~ ~ n  ( k h ,  p i g )  is motdcd- 
h e :  I f  pressure I s  (83 kPa ((12 ps ig) ,  the 
user may wish t o  pressurize the un i s t tn ,  
as an option, with tm grade nitrogen up to 
137 kPa (20 pslg) to ensure that enough 
sample is available for analysis, However, 

pressurizing the canister can introduce addi- 
tional error, lncmru the minilnull dhtection 

The 
limit ()1oL), and I s  tiw consuming, 
should migh these limitations as part  o f  his 
program ob jecti ves before prestuti d ng -3 
Final cylfnder pressure i s  recorded on can- 
i s ter  s m l i n g  field data sheet (see Figure 10) - 
I f  tbe canister pressure is increased, a di- 
lution factor (OF) i s  calculated and recorded 

on the sampling data sheet. 

where: 

X, = canister pressure (kPa, psia) &so- 
lute before d i l u t i o n .  

Y, * caniszrr pressure ikPa, p i a )  mso-  
l u t t  af te r  d i l u t i o n .  

After  sample analysis, detected VOC concentra- 
t iom are multiplied by the  d i l u t i o n  facrot 
to deternine concentration i n  the sampled a i  
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10.4.2 GC-6-SCAN Analys i s  (With Optional  FID System) 

10.L2.1 

10.4.2.2 

10.4.2 -3 

10.4.2 .4 

10.4.2.5. 

IO - 4  2 . 6  

:0.3.2 - 7  

The a n a l y t i c a l  system shou ld  be prope r ly  assern- 

b l e d ,  humld zero a i r  cer t f f ied (see Sec t ion  
12.3)* ope ra t ed  (see Table 3 ) *  and c a l i b r a t e d  
for accurate V O C  de tenn ina t ion .  
The mass f low c o n t r o l l e r s  are checked and adjusted 

t o  provide correct f l o w  r a t e s  f o r  the system, 
The sample c a n i s t e r  is connected t o  the in le t  
o f  t h e  GC-MS-SCAN (w i th  op t iona l  FID) a n a l y t i c a l  
system, For p r e s s u r i z e d  samples, a mass flow 
c o n t r o l  ler is placed on t h e  canister and t h e  
c a n i s t e r  valve is opened and t h e  canister 
f l o w  i s  vented p a s t  a tee i n l e t  t o  the analyt ical  
System a t  a f l o w  o f  75 c d / m l n  so t h a t  40 

&/fain i s  p u l l e d  th rough the Nafion. dryer t o  
the s ix- por t  ch rana tog raph ic  va lve ,  [Note: f l ow  
rate i s  no t  as important as a c q u i r i n g  s u f f i c i e n t  
sample vo1umc.J Sub-anbient pressure samples are 
connec ted  directly t o  the I n l e t ,  
The GC Oven and cpyogenic t r a p  (inject p o s i t i o n )  
are cooled  t o  their  set p o i n t s  o f  -5O'C and 
-16 O'C , res pect i ve 1 y . 
As soon a s  the c ryogen ic  t r a p  r eaches  i t s  lower 
Set p o i n t  o f  -16OoC, the s i x- p o r t  chrana togr  a p n i c  
valve is t u r n e d  t o  i ts  f i l l  p o s i t i o n  t o  i n i t i a t e  
sample COI l e c t i o n ,  
A ten minute co l l e c t i on  per iod  o f  canis te r  samole 
is ut i l i zed .  

on3 sampl ed cani step contenzs j 
Aft2r the sarnole i s  grsconcentr2ted ' n  tfle :?:J- 

ogenic  t r a p ,  t3e GZ sampling valve i s  cycled 
t o  t h e  inject p o s i t i o n  and the cryogenic trao 
i s  heated.  
desorbed onto the head o f  the OV-1 c m i l l a f y  
:s!urnn 10.21 nnm 1.3. :: 5 0  71 lenct.cl). "he GG 
2 v 2 m  . -  .----- 2 ., . y .  - T g C  :: ITIZP'. i: - : J  , :?: : - - = p  

1 a in  :; i23z ~3 2 C ' Y  ax 5 - 2 ~ 2  y f  3"': 71' 

; m n u t t .  

CNote: 40 a d / m i n  x 10 m i n  = 400 

The t r a p p e d  analytes are t 9 e n a l l y  

- T J C  ._ 
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10.4,2,8 Upon sample injectton onto t h e  coluam, the nS 
i s  signaled by t h e  cmputcr t o  scan the e l u t i n g  
carrier gas fra 18 t o  250 am, r e s u l t i n g  in a 
1.5 HZ repetition rate. This corresponds t o  
about 6 sc& p r  eluting ctrraratographic peak. 

10.4.2.9 Primary idantifitation is based upon retention 
tfme ud relative &undrncr of eluting ions 
as e m r e d  to the spcfral l i b r a r y  stared on 
the hard d l s &  o f  the 6C-nS data cunputer. 

10.4.2,lO The concentration (ppbv) i s  ulculated using 
th prwiourly established response factors  
(see k c t i o n  IO.2.3.2), as illustrated i n  
Table 5, [Note: If th canister is d i l u t e d  
before analysis, an apgropriate multiplier is  
a p p t i d  t o  correct f o r  the volume d i lu t ion  of 
the unirtfrr (kc t fon  10,4.1.4) .] 

IO.~.Z.U ne optional FID trace atlous tite analyst to 
. r a d  t h e  propress o f  the analysis, 

10-4.3 GC-E(s-SIH Analysis ( W l t h  Optlonrl FID System) 

1O04.3,l Uhen the 6 i s  placed i n  the SIN mode of 
operation, t h e  t4S rnoniton only preselected 
ions, rather than scanning a1 1 masses contin- 
uously between two mass iimits. 

10.4.3.2 As a r e s u l t ,  increased sens i t iv i ty  and improved 
quantitative analysis can be achieved. 

10.4.3r3 Sfr i la r  to the GC- l rs -SW configuration, the 
GC-EIS-SIW analysis i s  based on a conmination 
of retention tims and relative aounaancs of 
selected ions !see Tab?e 1 and Tabie 5 1 .  'hese 

qualitfirs are stored on the hard disk o f  
t h e  GC-?S canpufcr and are applied f o r  i den t i-  
fication o f  each chranawgrapnic peak. 
the GC-MS-SIH has identified the peak, a calibr 
t i on  resodnse factor i s  used t o  deternine t3e  

inai  .TZ i :xc~rz:x:zn. 

Once 

0 



T014-4 1 

10.4.3.4 The ind iv idua l  analyses  a r e  handled i n  t h r e e  
pha'ses: data a c q u i s i t i o n ,  da ta  reduct ion ,  and 
d a t a  r epor t ing  . The d a t a  acqui si t i o n  software 
is set i n  the SIN mode, where specific compound 
fragments a r e  monitored by the  MS a t  speci f i c  
t i m e s  i n  t h e  a n a l y t i c a l  run. Data reduction 
is  coordinated  by the postprocessing macro pro- 
gram t h a t  i s  a u t a n a t i c a l l y  accessed a f t e r  da ta  
a c q u i s i t i o n  is caaple ted  a t  t h e  end of the GC 
run. Resu l t ing  ion p r o f i l e s  a r e  e x t r a c t e d ,  peaks 
a r e  I den t i f i ed  and i n t e g r a t e d ,  and an in te rna l  
i n t e g r a t i o n  report I s generated by the program. 
A reconst ructed  ion  chranatogram f o r  hardcopy 

-.. 

. 

r e fe rence  is  prepared by t h e  program and var ious  

i n t e g r a t i o n  cons tan t s  a r e  printed. A t  the com- 
p l e t i o n  of t h e  macru prugrarn. t he  d a t a  r epor t in3  
sof tware  is  accessed. The appropr ia te  ca l  i bra- 
t ion  table (see Table 9 )  is retrieved by the 
data r e p o r t i n g  program from the c m p u t e r ' s  hard 
d i s k  s to rage  and the prooer retention time and 

response f a c t o r  parameters a r e  a o p l i e d  t o  t h e  

macro program's i n t e g r a t i o n  f i l e .  W i t h  r e fe r-  
ence t o  c e r t a i  n pre- set acceptance c r i t e n  a ,  
peaks are automat ica l ly  i d e n t i f i e d  and quan t i-  
f i e d  and a f i n a l  s u m a r y  repor t  i s  prepared, 
as  i l l u s t r a t e d  i n  Table 10 .  

4 p a r a m t e r s  o f  interest such as  time, da te ,  and 

10.3.4 GC-FID-ECD Analysis ( W i t h  Optional PID System) 

10.4.4.1 The analdytical system sbould >e ?rooer ly  zssern- 

b led ,  ?urnid zero a i r  cerc , i f iea  { see  3 e s t i o n  ,-.,. 
and c a l i b r a t e d  t a r o u g h  a dynamic s tanoard  c a l i -  
b r a t i o n  procedure ( s e e  S e c t i o n  10.3.2). The 
FID d e t e c t o r  i s  l i t  and allowed t o  scaoilito. 

. e  

10.4.4.2 S ix ty- four  minutes a r e  required f o r  each samzle 
* .  , .  . . -  . . . . .  

7 "  - , , a ; : * z - z  - .: = y r  :*JZ:Z?I  ' i : : : z i " "  -:-:%LE. _-  
T i n  'Jr :amo;e :31 , s c z : : z ,  I :  7 ; :  ' z r  ~nal - ;s : : ,  

3na 5 T i n  ' a r  Jost-:'ne, 2ur-n: qn'C.1 3 - ? ~ O P :  

. .  

i r  n r i  n r  %A r N n + m *  ?hi c m a u  w a r v  r t o n e n ~ i  na 
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The he l ium and sample uss flow controllers a I. 
checked and adjusted t o  provide correct flow 
rates to r  t h e  system, h t i m  i s  urd t o  purge 
residual a i r  f r a  t h e  trap a t  t h e  end o f  the 
sampling phase and t o  carry the  revolatilized 
VoCs frua t h e  trap onto t h e  6C colum and i n t o  
the FID-ECD, The hydrogen, burner air, and n i -  
tro- f low r a t a  should also be checked, The 

cryogenic t rap  is conlr+ctcd and verified t o  
be operating properly rhile f lowing cryogen 
through the t y s t u ,  

sample cani$trr is connected t o  the inlet o f  
the*GC-fID-€W analytical system. The a n i  ster  
vat ve is opened and the  canister f l o w  i s vented 
past a taa inlet to  the analytical system a t  75  
d / m i n . u s i n g  a 0-500 d / d n  Tylan mass f l o w  
controller. During analysis, 40 d / m i n  o f  s 

valv ,  and routed through tk trap a t  t h e  appro- 
priate time while the-extra sample is  vented. 
n e  VOCS am condensed i n  t h e  t r a p  while the 
excess f l o w  i s  exhausted through an exhaust 
vent, vhich assures that the sample a i r  flo+ 
fng  through the trap i s  a t  atmospher'c grssure.  
The six-port valve i s  snitched t o  the inject 
pos l t fgn  and t h e  canister valve i s  closed. 
The electronic integrator is  started. 
After t h e  sample i s  preconcentrated on the trao, 
the trap i s  heated and the VOCs are tfiemal ly 
dcsorocd onto the head o f  :he :aoil l a p  ~ 3 1  urn. 

Sfnce the c o l m  i s  a% -SO°C, t h e  VOCs ars cryo- 
focussed on t h e  column, Then, the oven temoera- 
Cute (programed) increases and the 70Cs eluts 
frola the column t o  the para1 le1 FID-ECL) asse 
The o e a k s  eluting fton tfre d c t e c o n  are iden- 
.. 5 2:) -1T2X::E :?-3 32s 23 .t l?Z 

gas Is pul led  t h g h  the six-port chraaatogr P 

* 
- . -  - - s i  
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counts .  
response  o f  the FlD and ECD, respectively, 
f o r  the fo r t y  (40)  t a r g e t e d  VOCs. [Note: Re fe r  
t o  Table 7 f o r  peak number and i d e n t i f i c a t i o n . ]  

f0.4.4.9 The response fac tors  (see Section 10.3.3.1) a r e  
m u l t i p l i e d  by the a r e a  c o u n t s  f o r  each peak 
t o  c a l c u l a t e  ppbv estimates f o r  the unknown 
sample. If  t h e  c a n i s t e r  i s  d i l u t e d  be fo re  
a n a l y s i s ,  a n  a p p r o p r i a t e  d i l u t i o n  m u l t i p l i e r  
(OF) is a p p l i e d  t o  c o r r e c t  f o r  the volume d i l u -  
t i o n  of the c a n i s t e r  (see Sec t ion  10.4.1.4). 

ana lyzed ,  each canister i s  analyzed twice 
and the f i n a l  c o n c e n t r a t i o n s  f o r  each a n a l y t e  

F igu re s  15 and 16 i l l u s t r a t e  t y p i c a l  

10.4.4.10 Depending on t h e  number o f  canisters t o  be 

* (. are t h e  ave rages  of t h e  two ana lyses .  
10.4.4.11 However, i f  the GC-FID-ECD ana l  uti ca 1 s y s t e m  

d i s c o v e r s  u n e x p e a d  peaks which  need fur ther  
i d e n t t f i c a t i o n  and a t t e n t i o n  o r  over1 appi ng 
peaks a r e  d i s c o v e r e d ,  e l i m i n a t i n g  p o s s i b l e  quan- 
t i t a t i o n ,  t h e  sample shoul d t h e n  be s u b j e c e d  
t o  a GC-%-SCAN f o r  p o s i t i v e  i d e n t i f i c a c 7 o n  
and q u a n t i  t a t i o n .  

11. Cleaning  and C e r t i f i c a t i o n  Program 

11.1. C a n i s t e r  Cleaning and C e r t i f i c a t i o n  

11.1.1 All canisters mus t  be c l e a n  and free of any contaminants  

L1.1.2 A 1 1  c a n i s t e r s  a r e  leak t e s t e d  by 7ressur::'ng tnern t3 
before samole col l e a i o n .  

mor3x ima tz iy  206 kPa ' 3 0  3 s ; g j  d i t 9  z e r c  ::r. 1 V0ct:  
- .  3 e  :znis;zr c l ean ing  s;Jszem : n -7guro - :an :e :szc 

for :his ~ 3 s x . i  The i n i t i a l  g r e s s u r e  i s  neasured,  :ne 
c a n i s t e r  valve  is c l o s e d ,  and :he f i n a l  ?ressur? !  's 
c3eCked a f t e r  2 3  hours .  If l e a k  r i g n t ,  t 3 e  ?ro,SSuro 

snouia not v a r y  more tnan 7 i3.a < ? a  ( 7  2 p s i q ~  o v e r  - - 
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a r e  connected t o  the manifold, The v e n t  shut-off valve 
and t h e  canister va lw(s )  are opened to release any re= 
mining pressure In t h e  unistw(s). The vacuum ptmp 
Is started and the vent shut-off  valve Is t hen  closed 
and the vacuua shut-off valve Is opened. The canister(s) 

a n  evacuated to < 0.05 rn Hg (for a t  least one hour). 
[Me: On a dally basis o r  aon often i f  necessary, the 
cryomfc  trqr should be purged wtth a m  a i r  to remove 
any trapped water f r a  previous canister cleaning cycles.] 
The vacuu a d  vacutdprusura gauga shrt -of f  valves 
a re  closed 8nd the tern a i r  shut-off valve is opened 
to pressurize the canister(s) wlth humid zem air to 
appruximately 296 kPa (30 psig). If a zero gas gener- 
a tor  system i s  used, the flow rate  may need t3 be 

l ldted t o  maintain the ram a i r  quality. 
The zero shuf-off valve f s  clos& and the canister(s) 
Is allowed to wnt down to atrdtphcric  pressure through 
the vent shut-off valve, The v m t  shut-off valve i s  
closed, Steps 11.1.3 through 13.1.5 are  repeated two 

0 

11.1 04 

11.105 

11,1,6 

11.1.7 

recycled paper 

additional tlm f o r  a total of three (3) evacuation/ 
pesturltation cycles f o r  each set of canisters, 
A t  the end o f  the tvacuationlprarsurization cycle, t h e  

canister i s  pressurized t o  206 kPa (30 p s i g )  with 
M d  zero a i r .  The canisfer i s  t h e n  analyzed by a 
GC-.a o r  GC-FID-ED analyt ical  syszcern. any canis'cer 
that has n e  tested clean (cunpand t o  direct analysis  
of humidified zero a i r  o f  less than 0.2 ppbv o f  targeted 
V a s )  s b u l d  n a  be used. AS a .blank" check of the 
canis ter (s )  and cleanup proceaura, the f i n a l  humid taco 

a i r  f i l l  of 1OUZ of the wnisreo '7s anaiyzea unr;:l zne 

c:eanuo sysztm and :anistc.rs 3t-I ;rave3 Fetiaoie , ' e s s  

than 0.2 poov o f  targers V O C s ) .  The c n e c ~  can znen ae 
reduced t o  a lower percentage of canistors. 
The canisfer is  reattacned t o  the cleaning manifola and 

i s  then reevacuated to <0.95 m Hg and rernains i n  t 3 i ~  0 
- -  -. - -5 - - r r r r * p  - -.. .u. 4 . I "  . -.. . ---. '3: ;e ' =  : 2 5 - 2 5 .  - - 

_., ..,? 1 32.R- -2 . *:-=.- - - -  --2 - -  -- - j .%l̂ "-" .-a- -- :x? S,2T -. Y - 5 ,  

' 5Z) r  ==nne<z-gn - 5  : ~ ~ c ~ ~  $ 1 : ~  a - - i - -  -- 

e.**;: .:szc 

. _ - -  - - . - .- - ,  

:. -- - -c .- - .  -*t add*i%imi",- - * 
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The canister f s  now ready f o r  collection of an a i r  sample. 
An Ident i f icat ion t a g  Is attached t o  the neck of each 
Canister f o r  f ie1 d n a t e s  and chain-of-custody purposes. 
As an o p t i o n  t o  t h e  humid zero a i r  cleaning procedures, 
the canistern could be heated i n  an i s o t h e n a l  oven t o  
1OO.C during Section 11.1.3 t o  ensure t h a t  lower m l e -  
cu lar  weight conpounds ( C 2 - Q )  are n o t  retained on the 
walls o f  t h e  canister. 
canplex V% mixtures, t h e  canis ters  should  be heated t o  
Z O 0 C  during Section 11.1.3.7.] Once heated, the canis te rs  
are evacuated t o  0.05 mn Hg. A t  t h e  end of  the heated/ 
evacuated cycle,  t h e  canis te rs  a re  pressurized w i t h  humi-d 

zeru a i r  and analyzed by the GC-FID-ECD system. 
canister tha t  has n o t  t e s t ed  clean (less than 0.2 p p b v  
o f  targeted canpounds) should n o t  be used, Once 
t e s t M  clean, the canisters are  reevacuated t o  0;OS mm 

Hg and runain i n  t h e  evacuated s t a t e  u n t i l  used. 

[Note: For sampling heavier,  mre 

Any 

+ 

11-2 Smpli ng System Cteaning and Cerf i f icat ion 

11.2.1 Cleaning Sampling System Canponents 

11.2.1.1 Sample canponents are disassembled and cleaned 
before t h e  sampler i s  asserrbled. Nonmetal 1 i c  
parts a re  rinsed w i t h  HPLC grade deionized 
water and dried i n  a vacuum oven a t  -5O'C. 
Typically, s t a i n i e s s  steel p a r t s  and f i t t i n g s  
are cleaned by placing them i n  a beaker o f  
methanol i n  an ultrasonic bath for 1s minutes. 
Th i s  procedure i s  repeatw w i t h  hexane as 
t h e  s o l v e n t .  
The 3 a n s  are :>en r'ns26 w i t 9  ? P i c  qraae 
deionized water and  ar i ed  i n  a vacuum'oven 
a t  100°C f o r  12 t o  2 4  hours. 
Once the samoler i s  assamled ,  the e n t i r e  

system i s purged w i t 9  humid zero a i r  f o r  2 4  

Sours. 

' 7  * 7 7 &-.A.-.- 

11.2.i.3 
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0 zero air and humid c a l i b r a t i o n  gser that pass through 
a l l  a e t l v e  caponentt o f  the sampling systcn. The sys- 
tam Is 'crrfified' i f  no s i g n i f i c a n t  additions or dele- 
t ions  (less t h a n  0.2 ppbv o f  targeted colapounds) have 
ocawred d e n  dtaI1enged with the tart g a s  strean1.1 
11 02 02 .I 

. 
1102.202 

11 -2 -2 -3 

The cleanliness of t h e  s a p l i n g  systaa i s  deter- 
mind by t e s t i n g  the sampler w i t h  humid z e r o  a i r  
wfthut an evacuated gas cylindrr, as follows. 
The c a l i b r a t i o n  system and manifold are  assem- 
bled, as illustrated i n  Figure 8, The sampler 
(uithout an m a c u r t a d  gas cylinder) is con- 
nected t o  the manifold and t h e  tern air  
cylinder activated t o  g e n e r a t e  a humid gas 
stream ( 2  L/a in)  to t h e  c a l i b r a t i o n  manifold 
[see Flgwc 8(b)], 
The hudd zero gas strem passes through the 
c a l i b r a t i o n  manifold,  thmugh t h e  sampli ng 
syttam (.without an evacuated c a n i s t e r )  to a 
GC-PID-ECD a n a l y t i c a l  system a t  75 &/fain 
so that 40 d / m i n  1s pu l l ed  th rough  t h e  s ix-  
port v a l v e  and routed though the cryogenic 
trap (see Scctfon 10.2,2,1) a t  the appropf ja te  
ti- while  the  e x t r a  saaple is vented. [Note: 

The e x i t  o f  the sampling s y s t e m  (wi thout  t h e  

c a n i s t e r )  replaces the c a n i s t e r  in Figure 4.1 

After t h e  sample (900 a) is preconccnt ra ted  
on the  trap, the trap i s  heated and t h e  VOCs 
a r e  themally desorbed onto t h e  head of t h e  
capillary co1unm. Since the c o l m  i s  a t  

- 5 3 O C ,  :he VOCs are cryofocJsssd an :9e col-  
urn. Then, tne oven ztmpec3ture :programne=j 
i n c n a s e s  and tAe VOCs begin to a l u t e  and are 
d e t a x a  by a GC-MS (see S e e i o n  lo.?! or :.?e 
GC-FfD-ECD (see SetZion 10 - 3 ) .  The anal yt i cai 

- 

- 

s y s t m  s h o u l d  not detect greaier t h a n  0.2 ppo m 
?f 'zr;aTt< ::c: '1 ;p:sr <$? ::% ;&?:::?; 

.. 3J" 4.23 ',3 :255 - -%a -.._ t U d f C  =sr7  2 : -  :z.--'--;Z=:=; 

*? and rnumbnmcni 



T014-47 e -  test. Chrunatograms o f  a c e r t i f i e d  sampler  
and contaminated sampler  are i l l u s t r a t e d  i n  
F igu res  1 7 ( a )  and (b), r e s p e c t i v e l y .  I f  
t h e  sampler  passes t h e  humid r em ai r  test, 
i t  is  then  t e s t e d  w i t h  humid c a l i b r a t i o n  gas 
standards containf ng selected VOCs a t  concen- 
tra t ion l e v e l s  expected i n  f t e l d  sampling (e.g., 
0.5 t o  2 ppbv) as o u t l i n e d  f n  Sec t ion  11.2.3. 

11.2.3 Sampler System Certification w i t h  Humid C a l i b r a t i o n  Gas 
Standards  

11.2.3.1 

lL2.3.2 

11 .2.3.3 

ii.2.3 .I 

11 .2,3,3 

Assenble t h e  dynamic c a l i b r a t i o n  system and 

manifold as i l lus t ra ted i n  F igu re  8; 
Verify t ha t  the c a l i b r a t i o n  system i s c l e a n  
( l e s s  t h a n  0.2 ppbv of t a r g e t e d  canpounds) 
by sampli ng a humid1 f i  ed gas stream, without 
gas  c a l i b r a t i o n  standards, w i t h  a prev ious ly  
c e r t i f i e d  clean canister (see Sec t ion  12.1). 
The assenbled dynamic c a l i b r a t i o n  system i s  
ceftified c l e a n  i f  less than  0.2 ppbv of 
targeted canpounds are found. 
For g e n e r a t i n g  the humidi f.i ed cal i b r a t i o n  
s t a n d a r d s ,  the c a l i b r a t i o n  gas c y l i n d e r ( s )  
( s e e  S e c t i o n  8.2) con ta in ing  nominal concen- 
t r a t i o n s  of 10 ppmv i n  n i t rogen  of s e l e c e d  
Vas, are attached t o  the c a l i b r a t i o n  system, as 
o u t l i n e d  i n  S e c t i o n  10.2.3.1. The gas c y l i n d e r s  
a r e  opened and t h e  gas mixtures  a r e  passed 
through o t o  10 & / m i "  cer t i f ied  nass f l o w  

con t ro l  le- t o  generate 3po levels o f  
:a1 i b r a t f o n  c a n o a f i s .  
After t h e  a o o r o o r i a t e  eauil ibriurn ge r iod ,  a c t a m  

the sampling system ( c o n t a i n i n g  a cert i f ied 
evacuated canistar)  t o  t h e  mani f o l d ,  as i l l u s -  
t r a t ed  i n  F i g u r e  8 ( a ) .  
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Sample t h e  dynamic c a l i b r a t i o n  gas stream with 0 
t h e  s m t p l i n g  system accord ing  to Sec t ion  9.2.1. 
bo te :  To ansame genera ted  c a l i b r a t i o n  gas, 
bypass t h e  c a n i s t e r  sampli ng systun  nani fo ld  
and at tach the ramp11 ng systan t o  t h e  ea1 i bra-  
t i o n  gas stream a t  t h e  M e t  of the in-line 
f i t tw of the sampling system so the f l o w  
wilt be test thur 500 c d / m i n o J  
Corrcurrrnt with t h e  s r p l i n g  system ope ra t ion ,  
rer1tim moni tor ing  of the c a l i b r a t i o n  gas 
stream is i c t a p l i s h c d  by t h e  on- l ine  6C-NS 
or  GC-mltidetector anal&cal system 
[Flgurr 8(b)] t o  p r o r i h  r e f e r m a  concentra-  

. 

lI.ZJ.6 

1 1 02 03 09 

tions o f  generated VOCt ,  
A t  the  end o f  t he  sampling period (normally same 
t h e  period used for  anticipated sampling), 

0 the s-ling system c a n i s t e r  is analyzed and 
caplred to the r e f e w  6C-MS or SC-caulti- 
detector a n a l y t i c a l  systea to de tcnn inc  i f  
the e m c e n t r a t i o n  of th targeted V O C t  w a s  
i n c r e a s e d  o r  decreased by the sampling 
S y S t a r .  

A recovery o f  bekctn  90% and 110% is expected 
for a l l  targeted VOCs, 

12, Perfornuno Cri ter ia  and Q u a l i t y  Assurance 

12.1. Standard. Operating Procedures (SOPS) 
I '  

recycled paper 

12.1 01 SOPS should be generated i n  each laboratory describing 
and docurncntlng t h e  following a c t i v i t i e s :  (1) assemly ,  

u i i b r a r i o n ,   rea^ chtci ,  and aoe ra t fon  of s;cZf!c 
samoli ng systems and quiolncnt  us&; ( 2 )  p r e s a r a t i o n  , 
s t o r a g e ,  shipment, and handling o f  samples; ( 3 ?  assemly ,  
ieak-check, c a l i b r a t i o n  , and ope ra t ion  of the a n a l y t i c a l  
system, addres s ing  the specific e q u i p m n t  used; ( 4 )  can-. 
i s t t r  i ~ 3 r 3 ~ t  snd ;Igzn'-** zrtc ' 5 '  z!? 3s2er-z: .sf 72:: 

---&-&.AI * I  -----... :. .-  -_.. - . *..- * * - - . a * " - : :  

-pp--iIr .I" 'C-cl="-c. . - -  . - - - -  . .  . .-- .-. - - - - . . - - _  

narcware zna saf'.uarr Jszu. 
m%. and mvimnmcnt 
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12.1.2 Specific stepwise Instructions should be provided i n  

the SOPS and should be readily available t o  and under- 
S t o o d  by the laboratory penonnel conducting the work. 

0 

12.2 Method Relative Accuracy and Linearity 

12.2.1 Accuracy can be determined by in ject ing VOC standards 
(set Section 8.2) from an audi t  cylinder into a sampler. 
fht contents are then  analyzed for t h e  canponents con- 
t.ained i n  the audit  canister. Percent relative accuracy 
i s  ea1 culated: 

X Relative Accuracy = X - Y ,-, x 100 
X 

Where: Y - Concentration of the targeted 
canpound recovered fran sampler. 

X = Concentratton o f  VOC targeted 
canpound i n  the NU-SRM or 
EPA-CRM audit cylinders. . 

12.2.2 I f  t h e  relative accuracy does n a t  fa11 between 90 and 

and 110 -percent, the f i  el d sampler should be removed 
fran use, cleaned, and recertified according t o  init ial  
certification procedures outlined i n  Sec t ion  13,2,2 
and Section 11.2,3. Historical ly, concentrations of 

carbon tetrachl or ide  , tetrachloroethylene , and hexachlo- 
robutadiene have sometimes been detected a t  lower con- 
centrations men using parallel ECD and FiD detectors. 
Uhen these t h r e k  canpounds are present a t  concentrations 
close to calibration levels, b o t h  detectors usually 
agree on the reported concentrations . A t  .concentrations 
below 4 ppbv, there is a problem with nonlinearity 3f - 
t h e  XD. ?lots o f  concgn t ra t ion  versus peak area 3 r  
zziibrarfon :mpounds 2 e t - e r - a  3 y  :he E33 have S ; I O W  

t h a t  tale c'wves are nonlfnear f o r  camon tetxcnlor'ae, 
tetrachloroethylene, and hexachlorobutadfene, as illus- 
t r a t ed  i n  Figures 1 8 ( a )  througfi  18(c) .  Other targeted  

E I D  and F I D  compounds scaled linearly for the  range 0 t 3  

3 >gbv,  ?s shown f o r  c.? lcrgfoc j ?  c !gu r% I a ( d ! .  ' O r  

- - .  --.A,.%.- ... ;- :f? -2: '729T :';e? 1-1 12 d .- - ---"Cl',rqr -.-- - . - - .r*c--3.  
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range, a n 8  a u n t s  generally roll of f  between 3 and 4 

ppbv, To corne t  f o r  t h e  nonlinsrrfty of these caapounds, 
an d d t i o n a l  calibration step is pr fomed.  An evacuated 
stain1est steel canister i s  pressurized wi th  calfbration 
gas a t  a nainal concentration uf 8 ppbv. The sample 
i s  then di luted  to approximately 3 3  ppbv w i t h  zero air 
ard analyzd. The Instrument response factor (ppbv/area) 
of t h e  ECD for each of the tm empounds is calculated 
for the 3.5 ppbv tmle,  men, bath the 3.5 ppbv and 
the 8 ppbv response facton a m  entered in to  t h e  ECD 
u l i b r a t l o n  table, The safturra for the Hewlttt-Packard 
5880 level 4 6C I t  desigled to act-date multilevel 
calibration entries, so t h e  correct response factors 
a m  r u t m t l c a l l y  calculated f o r  concentrations i n  this 
range 

0 

12.3 Method Xad~flcation 

12.3.a Sarpl ing 

~ Y C M  paper 

12e301.1 The sampling t y s k r  f o r  pressurized canister 
smpllng could be wdifled t o  use a lighter,  
-re ampact pump. The pump currently being 
used weighs about 16 kilograms (35 l b t ) .  Cm- 
mrtf a1 l y  avail able punps that  could be used 

as alternatives to t h e  prescribed sampler pumg 

am described below. *tal  bellow^ MB-41 D U ~ :  

These pmps are cleaned a t  t h e  factory; however, 
lzow precaution should be taken with t h e  circu- 
lar (4.8 an diameter) Teflona and stainless steel 
part d i r e c f l y  unaer the flange. I t  i s  o f t e n  
d i C y  wnen rgceived and snouia ye :lean& 
before uso. This part 1s cleaned by r a v i n g  

it from t h e  pmp,  manually cleaning w i t h  
deionized ‘water, and placing i n  a vacuum oven 

a t  100.C for  a t  least 12 hours. Exposed 
o a e s  of :he gum head are a l s o  cleaned w i t 9  

:;1&gs Inc i ,  ;9,4es :: :-- --.t 7 2 5 2  ,,Zf - 5 ’  ‘t 

. 

e 
_. .- 

. *  -. 
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12,3.1,2 

12.32 Analysis 

12.3.2.1 

12.3.2.2 

proven t o  be very reliable; however, they are 
only useful up t o  an outlet pressure o f  about 
137 kPa (20 p s i g ) .  Neuberger Pum: Viton gas- 
kets o r  seals must be specified w i t h  this pump. 
The ' fac tory  d i r e c t '  pump 1s received contaminated 
and leaky. The pump i s  cleaned by disassemling 
the  pun^ head (which consists o f  three stainless 
steel parts and two gaskets), cleaning the gaskets 
with deionized water and drying i n  a vacuum oven, 
and rcmachlning (or manually lapping)  the sealing 
surfaces o f  the stainless steel parts. The stain- 
less steel parts  arc then cleaned w i t h  methanol, 
hexane, deionized water and heated i n  a vacuum 
oven. The cause for most of the problems w i t h  
this pump has b e t n  scratches on the metal parts 
of the pump head, Once t h i s  rework procedure i s  
pCfYonned, t h e  pump 1s considered clean and can 
be used up to about 240 kPa 4 3 5  psig) output pres- 
Sure. This pump i s  uti l ized i n  the sampling sys- 
tun Illustrated i n  Figure 3. 

Urban Air Toxics Sampler 

the sampling system described i n  t h i s  method can 
be modiffed like the sampler i n  € ? A ' s  FY-88 Urban 

Air toxict P o l l u t a n t  Program. 

sampler is described ' i n  Appenaix C (see F igure  1 9 ) .  
This par , i cu la t  



TO1442 ' 

(GC-FID-E=-PSD), the rna1ys.t may want t o  pct fo 9 
a screening analysis and preliminary qwn t i t a t i on  
of VOC species i n  t h  -le, includfng any polar 
cwpounds, by y t i l i r f n g  the 6C-multidete~tgr 
(6C-FIo-ECD-PID) analyt lcal sy t t c r  p r i o r  to GC-MS 
analysis, This system can be used for approximate 
qurntltatdon, fhc 6C-FID4CD-PID provides a .snap- 

s h e "  of the comtftueats i n  the smple, allow- 
ing the analyst t o  dhtemine: 

- Extent o f  n i r i d r n t l f i u t i o n  due t o  over- 
m p i n g  Peaks, 

- Whether the constituents are wi th in the - 
ca l ibrat ion range o f  the anticipated 
Gc-IIs-SCIw-SI!l analysis o r  docs the 
sample r q u i r e  further di lut ion,  and - Are there unaprcfed peaks which need further 
Identif ication through SC-MS-SCAN o r  a re  
then peaks o f  Interest needing attent ion * 

I f  w t u a l  peaks are observed fram the GC-FfD-Ea-  
PID system, the analyst then perfom a SC-tlS-SCAN 

analysis. The 6C-MS-SC;UI will p rw ide  posit ive 
fdantifdcation of suspect peaks from t b e  G C - G D -  
m-PID system, I f  no unusual peaks are ident i -  
ffed and only a select numr 6f VoCs we  o f  can- 
cam, the analyst can then proceed t o  GC-nS-SIff. 
The GC-HS-SIR i s  used f o r  f i na l  qwnt i ta t ion  of 
Selected VOCs. Polar cmpounds, however, cannot 
be ident i f ied by the Gt-nS-SfW due t o  the use 
Of a Naffona dryer t o  remove water f rm  :fie sarnale 
Jrior :o analysis, The 4r:rar m m v e s  molar szn- 
Daunds a1 ong w i t h  the waxer. Yhe analysr of%n 

has. t o  make t h i s  decision incorporating project 
objecives, detercion l imi ts,  aquipment w a r 1  a- 
b i l i t y ,  cost and personnel capabi l i ty i n  aevelo 
i n g  an analyt'cal s t ra tqy ,  Iigurz 20 outlines 
:-? -=t :s :T2 ;:-:'~-;:=,:?~ 15 1 'f;'?"m'-=' 

--..I - -  Z S f  f30f3ac.t. 41 z: ::e X-?2-ib,-,c-~.Y I , , - I  

: ae nf i f: c t z -  3 n 3no qua n?c.3a p04w-n-nl 

". 
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12.4 Method Safety 

This procedure may i nvolve hazardous mater1 a1 s 
quipmnt. This method does n o t  purport t o  address a l l  o f  the 
safety problems associated w i t h  Its use. 
s lb i l l ty  t o  establish appropriate safety and health practices 
and datermine t h e  applicability o f  regulatory limitations p r i o r  
to the implementation o f  t h i s  procedure. This should be par t  

of the user's SOP manual. 

operations, and 

I t  is  the user's respon- 

. 12.5 Qualfty Assurance '(See FIgure 21) 

12.5.1 Sampling S y s t e m  

12.5 .l .l 

12 .S . 1.2 

12.5 -1.3 

12.5 .1 .4 

12.5 .1 .5 

- 9 - 7  - --e2 e- .3 

. 

Section 9.2 suggests that a portable GC system be 

used as a 'screening analysis '  prior t o  locating 
fixed-site sample- (pressurized o r  subatmspheric) 
Section 9.2 requires pre and post-sampling meas- 
urements w i t h  a certified mass f l o w  controller 
f o r  f l o w  verification o f  sampling system. 
Section 11.1 requires all canisters t o  be pres- 
sure tested t o  297 kPa + 14 kPa (30 p s i g  + 2 p s i g )  
Over a period of 24 hours. 
Seccion 11.1 requires t h a t  a l l  canisters be 
certified clean (containing less t h a n  0.2 ppbv 
o f  targeted VOCs) throuqn a humid zero a i r  c e r t i -  
fqcazion program. 

Section 11.2.2 requi res a1 I f ie ld sampling systems 
to  be certified i n i t i a l l y  clean (conta in ing  less 
than 0.2 ppbv o f  targeted V O C r )  through a humid 

:era air c e r t i f i c a t i o n  grogram. 
Sec'on 11.2.3 -ec!uiros a i '  f i e l a  samoiing 514s- 
terns t o  pass an i n i t i a l  numiaified 3iisrar:on 
gas certification Car vOC concentration levels 
expeced i n  the f i e l d  (e.g., 0.5 t3 2 , ~ p o v ) j  
w i t h  a percent recovery of greater 3 a n  90. 

. 

- - 
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12.5 -3.1 

12S.3.2 

12.5.3 -3 

12.5 -3 -4 
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ppbv of target& VoCs) prior to sample analy- e 
sis, through a b i d  zero a i r  cert i f icat ion.  

12.5.2.2 S a l o n  10.2.2 requires the dai ly  t u n i n g  o f  
the 6C-HS with  4 4 r m f 7 w m k n r a n c  (4-8FB) 
and t h a t  i t  amet the key ions and ion abun- 
chcr critera (10%) o a t l i n e d  i n  Table 5. 

12.5.2.3 Section 10.2.3 requims bath an In i t i a l  mlti- 
point Inmid stat lc  calibratlon ( t h r e e  levels 
p l u s  Inmid tam a i r )  md a dai ly  calibration 
(one point) of the 

. 
analytical system. 

12.5.3 LC-h~ltideteetor S y s t e  Perfomce Crfteria  

Section 10.3-1 requfres th GC-FID-ECD analyti- 

clean (less & 0.2 pm at targeted ~ 0 ~ s )  
thraugh a b i d  zero air  u r f i f i c a t i o n .  
=Ion 10.3.2 reqvfrrr that the  6C-fID-ECI) 

windows tor eIth anatyte pr ior  to raapte anaty- 
slt, when a new 6C colum is ins ta l led ,  o r  
-or -ncnts o f  the 6C tyrtrn al tered 
sin- the previous detcmination. 
Sectton 8.2 requires that a l l  calibration 
gases be traceable to a National B u ~ a u  of 
Standards (NBS) Staldard ileferance Materi a1 
(SRn) o r  to a NBS/EPA approved Cceif ied 
Reference Mated a1 (CRM). 
Section 10.3.2 requires tha t  the r e t e n t i o n  
time window be established throughout the 
Course o f  a ?-hr analytical 9eriod.  

j e c i o n  L.3.3.2 yqu i r a s  S a t h  3n -n i - , i a i  TU?::- 

p o i n t  cal ibrat ion (thres levcis p l u s  iumrd 

zaru air )  ana a daily calibration (one o o i n t )  

ea7 syrten, prior to M81ySiS, to k cert if ied 

analytical sptm crfa i ish retention ti* 



T014- 55 

Laboratory, Qual i ty Assurance D i v i  s ion ,  M0-77B, 
Research Tr iangle Park, Ne 27711, (919)541-4531. 
Appendix A.out1ines f i v e  groups o f  a u d i t  gas 
c y l i  nden avai l  able from USEPA.] 
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analytkal  procedures. whi le ‘there are numerous procedures for sampling 
and analyzing YOCs/SVoCs i n  antalent a i r ,  t h i s  method draws upon the 
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n
 

b
l

n
 

3
0
 -. 



Ion/Abundrnce Expected Retention 
b o u n d  (am/% base peak) Time (min) 

Freon 12 (Dichloral i f luorol lcthun)  

Methyl chloride (Chlotarthane) 

Freon 114 (1,2-Dich1om-l,lt2,2- 
t etr  af I u o m t h m )  

Vinyl chl ori de (Cht oruethene) 

Methyl brwidr (Bramethane) 

Etwl chloride (Chloroithane) 

Freon 11 (Trichlorofl uorouthme) 

Viny\iciene chtoricie (1.1-Dfchtorwthytene) 

Dichlotmethnc (Methylene chl otfde) 

Freon 113 (1,1,2-Trfchlorollt2,2- 
tri f 1 uorocthana) 

1,l-Ofchlotocthane (Ethylidcnc dichloride) 

cis-l,Z-Oichl oraefhylccre 

. . Chlorofona (Tr ich lomthane)  

1 ,Z-Oich 1 oroefhane (Et@ le ne d i  ch l  o r i  de ) 

Benzene (Cyclonexatri ene) 

CarSon tc+,;"ac?l ar ide  !Tetrachl ormethane! 

85/lOO 
13W 56 
07/ 33 
-62jroo 
27fl25 
64/ 32 
%/loo 
96/ 0S 
64/100 
23/14 
27/14Q 

lollloo 
la/ 67 
a/1w 
961 S5.  
63/ 31 
49noo 
041 65 
86/ 45 

151/100 
101/140 
103/ #I 
a l l 0 0  
27/ 64 
6 9  33 
6 l / l O O  
961 60 
90/ 44 
83 /loo 
471 3s 
62/100 
2?/ 70 
34/ 31 
97/100 
99/ 64 
61/ 5 l  

77/ 2s 
so/ 35 

117 /IO0 - -a ;  :' 

-as/ 65 

7a/ioo 

- - .  .. 

5.01 

5.69 

6.55 

6.71 

7.83 

8.43 

0 
11 -21 

11 -60 

12.50 

13.40 

13.75 

!4.2? 

14.52 

15.04 

. C  a 
:a . i 8  

recycled paper I rnd mruunnwni , s x z :  ;IUC'I 
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T A U  2. IONJABUNDANCE AND EXPECTED RETENTION T I E  FOR 
SELECTED VOCs ANALYZED BY GC-MSSSIM (cont.) 

I 

I on/Abundance Estimated Retent ion 
Comoound (am/% base peak) Time ( m i n )  

1 ,&Dichlorupropane (Propylene dichloride) 

T r i  ch 1 o rwtfirt ene (Tri ch 1 oroet hene) 

cts-l.3-0ichl oropropene 

t rans-1.3-bich 1 orupropene ( 1.3 

1 ,l ,2-Trichloroethane (Vinyl trichloride) 

di  ch 1 o -1- propene) 

Toluene (Methyl benzene) 

@ 1 ,2-0fbramethanc (Ethylene dibromide) 

Tetr achl oroet hy l e  ne (Perch 1 oroethy l e  ne) 

Chlorobenzene (Benzene cfil or ide )  

Ethylbenzene 

m,p-Xylene( 1.3/1 ,&di rnethy 1 benzene) 

Styrene (Vinyl benzene) 

1.1.2 ,Z-fettachl oroethane (tetrachloroethane) 

o-Xylene (1 ,t-Girnethy; benzene) 

4-Ethyltoi uene 

1 ,3 ,5- f r i  met hy 1 be n z e n e ( M es i ty  1 e ne ) 

1,2,4-frimethyl benzene (2seudoc~rnene) 

. a-Clicnlorcioenzene {I  ,;-3ichl otoSenzene) 

63/100 
41/ 90 
62/ 70 

130/ 100 
132/ 4 

75/100 

771 30 
75/100 
39/ 70 
77/ 30 
97/100 
831 90 
61/ 82 
9 l / l O O  
92/ 57 

107/100 
109/ 96. * 

27/1 rS 
166/100 
164/ 74 
131/ 60 
1 W  100 
77/ 62 

114/ 32 
91/100 

9 m o o  
1061 40 
104/100 
78/ 60 

103/ 49 
83/100 
8S/ 54 
9?/?00 
:06/ 4 
105/'100 
120/ 3,o 
1OSIlOO 
123/ J2 
t05/100 
120/ A 2  
116/?50 
:2; 1: 

951 a7 

391 m 

1061 za 

-- 
-.- m 

15.83 

16 -10 

16.96 

17.49 

17 -61 

17.86 

18 048 

l9 001 

19.73 

20 2 0  

20.41 

20 -81 

20.92 

13 .$2 

2&.22 

22.65 

22.18 

22.3'. 

3 - -  
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TABU 2, IOWABUMDANCE PND EXPECTED RETENTION TI* FOR 0 
SELEnm v a s  AMALY~O BY 6C-US-SIW (cont.) 

Ion/Abundance txpeacd Retention 
Tim ( m i n )  . -  

Coamound (am/% base peak 

88n~yl chloride (r-Chlorutoltme) n/rm 23.32 

p-01 ch 1 o rob nzene (I ,441 ch 1 oroknzene) 23.41 
126/ a 
146/100 
148/ 65 
lll/ 10 

.la/ 65 
lllf 40 

1821 90 
184/ 30 

HexacRl oml,%butadi me) w/  66 
2#/ 60 

dichlorobenzene (1,t-Dichl oroknzene) 146/100 a a a  

1 ,Z ,4-Trichl orokntms lao/1 00 26.71 

Hexachl orabutadi me (1.1,2,3,4,4 22f/100 27 068 

recycled paper 
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TABLE 3. GENERAL GC AND B OPERATING CONDITIONS . 
. .  

e 

Col m Hmlett-Packard OV- 1 c russ l i  nked 
methyl t f l iconc (SO n~ x 0.31inm I.D., 
17 urn fllm thickness), o r  equivalent 

Car r fe t  6as 
I n j e c t i o n  Volume Constant (1-3 uL) 
Injection Mode Spl i  tl ess 

He1 ium (2.0 & / d n  a t  2SO.C) 

Tawmature Prugram 

I n i t i a l  Column Temperature -50.C 
I n f t i a l  Hold Tlme 2 min 
Program 8.C/min to 150'C 

Ffnal, Hold Tim 

Mass Spectrameter 

Mass Range 
Scan Time 
E1 Condjtion . 
Mass Scan 

0 

Detector Made 

FID System (Ootional 1 

Hydrogen F l o w  
Carrier Flow 
Eu rne r  A i  r 

15 min 

l8 t o  250 a m  
1 sec/scan 
70 e! 
Follow manufacturer's I ns t ruc t i on  for  select ing 

mass se lec t ive  detector (MS) and selected ion  
monitoring (SIM) mode 

Mul t ip le  ion  detect ion 

30 &/minute 
30 &/minute 

400 &/minute 
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TABLE 4. 4-8CKmOnUOROBENZENE KEY 1 0 6  ION IISUNOAHQ CRITERIA 

Mass . . . - . .  Ion . Abundance Crfteria 

50 

75 

95' 

86 

173 

'174 

175. 

17 6 

177 

15 to 40% o f  .US 95 

c - 30 to 602 of IUS 95 

BUe Perk, 100% R8htfW Abundance 
* 5 t o  92 o f  mass 95 

We O f  MSS 174 

,502 of mass 95 

5 to 9s o f  mass 174 

H5% but< l0lS of r r r s  174 
5 to 92 o f  mass 176 . 

. 

0001 502 
recycled paper 
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TABLE 5, RESPONSE FACTORS (ppbv/area count) AN0 
EXPECTED RETENTION T I E  FOR GC-HS-SXH 
ANALYTICAL CONFIGURATION 

Response Factor Expected Retention 
Comoounds (ppbv/atea count) Time (minutes) 

Freon 12 0 .no5 5.01 
Methyl drloride 4 . 093 5.64 
Ftaon 114 0.4928 6.55 
Vlnyl chloride 2,343 6.71 

Ethyl chloride 2,954 8.43 

10 -93 
11 021 

Vinylidene chloride 1.037 
, Oichloraaethanc 2,255 
Trichlorotri fl  uorocthanc 0,9031 11.60 
1 , l -Oi  chl orocthane 1.2n 12 S O  
cf s-l,2-0ichl oroethylenc 1,363 13-40 

. Chtorofom 0.7 911 13 -75 
1 ,ZOOichl oroethane' 1,017 14.39 
Methyl chlorofom 0.7078 14.62 
Benzene 1,236 15.04 

1,2-01chlorapropane 2,400 15.83 
Trichloroethylene 1,383 16 . 19 

. ci t-1,3-Dichl oropropcnc i .a77 16 -96 
trans-l,3-Dfchl otopropenc 1,338 17.49 
1 .l ,Z-Trichl oroefhanc 1,891 17.61 
To1 wnc 0,9406 17.36 

Methyl brmide 2,647 7 0 8 3  

F m a n  11 0 ,5145 9 .a7 

Carbon tctrachl o c i  de o .5am is,ia 

1 . 2 4  b ranoct hanc (ED 8) 0.8662 18-48 
Tetrachloroethylene 0 . 7357 19 001 
Chlorobenzene 0.355a 19.73 
Ethyl benzene 0.6243 20.20 

5 tymne 1.888 20 .a0 
1.1.2 .2-fetr achl otoethane 1.035 20 -92 

. la,p-Xylene 0.7367 20.41 

0-Xy lene 0 -7498 20.92 
& E t h y l t o ?  uene 0.5181 22-53 
1,3,S-trirnettryl benzene 9.7088 22 -55 

23.19 : ,2 , I Tri met ny 1 be nzene .3.?536 
n-3icnlor3oenzene 3.3643 2; .- & 

i.420 22 -2  2 
o .a 912 23 ..rl 

3enryi ch i opt be 
p-ai  cnl oruoenzene 

1,Z ,4-7ri cnl oruoenzene 2 . 150 25 .:I 

9- - ?  

0-Oichl orobenzane 1.004 23.88 

Htxachl orobutadi ene 0.4117 27 .Ga e 
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Peak 
N u n b d  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13' 
14 
15 
16 . 
17 
10 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 \ 
29 
30 
31 
32 
33 
34 
35  
36 
37 
38 
39 
40 

TABLE 7. TYPICAL RETENTION TIME ( M I N I  AND 
CALIBRATION RESPONSE FACTORS ( ppbv/arra count )  

FOR TARGETED VOCs ASSOCIATED WITH FID 
AND-ECD ANALKIWU SYSTM - .  . .  . 

Can pound 

Freon 12 
Methyl chloride 
Freon 114 
Vinyl chloride 
Pethyl brantde 
Ethyl chloride 
Freon 11 
Vinylidene chloride 
Olchl oranethane 
Trlchl orotri fluoroethane 
1 ,l-Oichl oroethane 
ci s-l.Z-Oich1 oruethytene 
Chl orofom 
1 ,Z-Oichl oroethanc 
Methyl drl orofom 
B enrenc . 
Carbon tetr ach'l ori de 
1 ,Z-Dichl ompropane 
Trichl oroethylenc 
ci s -1 .34 ich l  oroprooene 
tr am - 1,341 ch 1 o rop r ope ne 
f .1 ,Z-Trichl oroethane 
To1 uene 
1.2-0ibrwethane (EDB) 
Tetrachl oroethy lene 
C hl  orok ntene 
E t @  1 benzene 
m, p-Xy le ne 
Sty rene 
1.1,2,2-Tetrachl oroethane 
0- Xy le ne 
8- E t hy 1 t o  1 ue ne 
1,3 ,j-trimezhylSentene 
1 ,? 4- f r? meCy 1 be n tene 
n-91 ch 1 orooenrene 
3enryi chloride 
p-Oichl orobenrene 
o-3icnl orooenrene 
1,2,4-Tric.cl1 orobenzene 
Hexachl OroDutadi ene 

tetention 

minutes 

3 -65 
4.30 
5.13 
5.28 
6 -44 
7.06 
8.60 
9 .ST 

10 022 
11.10 
11 099 
12.30 
12.92 
13.12 
13..51 ' 

13.64 
14.26 
14.50 
15 -31 

15 093 
16 -17 
16 -78 
17 a31 
la .03 
Is .ST 
18.72 
19 -12 
19 -20 
19.23 

rim (RT), 

9 084 

is .a3 

20 .a2 

no 
Res pons e 
Factor (RF) 
(PPW area 
count ) 

3 -465 
0,693 
0,578 
0,406 

0.413 
6 -367 
0,347 
0.903 
0.374 
0.359 

1.059 
0.409 
0.325 
0.117 
1.451 
0.214 
0.327 

o .36a 

0 -336 
0.092 
0 -366 
0.3 24 
0.120 
0.092 
0.095 
0,143 

0.roo 
20.34 I 3.109 
' 1  --. 46 
21 . f O  
21 -56 
21.57 
22.12 
24.88 
2s .a2 

1 . t  3 . - - ,  

0.188 
0.!88 
0.667 
0.305 

ECD 
4 es pons e 
:actor 
[ ppbvl area 
:ount x 10-5) 

13.89 

22.32 

26 -34 

1.367 

3.955 

11.14 

3 a258 

1.077 

8.910 

5.137 
1.449 

9 .S56 

1 i ,055 
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TABLE 8. TYPICAL RETENTION TIHE (mlnutcs) FOR 
SELECTED ORGAN IC$ USX Nc GC-FID-ECD-PI Df 
AHALYTICAl ' SYSTM 

Retenti 
F S3 

. .  

I Tlme (rnl 
K O  

Accty lcnc 
1.3-8ut ad1 enc 
VInyl chloride 
C hl or methane 
Chl oroethrnt 
Brunoet hant 
Plethylcnc Chl orlde 
t ram-1 ,P-Dlchl oroethylenc 
1 ,I-Dlchloroethane 
Chloroprene 
Perfluorobenrene 
Br mch1 orune t hane  
C h l  or o f  o nn 
1 ,I ,l-Trfchloroethane 
Carbon Tetrrchl oride 
Benzene/f ,2-DIchl otoethane 
Pe r f l  uorafol uene 
Trichl oroethylcne 
1,2-DIchloropropene 
B r m d i  chl ormethane 
t r ~ z s - !  ,?-D!rhl orapropylene 
To1 uene 
d s-l.3-Dichl oropropylene 
1 , l , t -Trlchloroethane 
i e  t r ac h l  or oe t hy 1 e ne 
0 i b r uno ch 1 or met ha ne 
Chlorobenzene 
m/ p-Xy le ne 
Sty renelo-Xy l e  ne 
Branof luorobenrene 
1,1,2,2-Tetrachl oroethane 
m-D!ch! crrabenzene 
p-Dlchl orobenzene 
o-Dlchlorobenrene 

2.984 
3 399 
3.790 
5.137 
5.738 
8.154 
9.232 

10.077 
11.190 
11.1502 
13.077 
13.397 

14.151 
14.642 
15.128 
15.420 
17 -022 
17.491 
18.369 
19.694 
20.658 
21 -461 
21.823 
22.3 40 
22.955 
24 .a66 
25 -763 
27.036 
28 -665 
29.225 
32.347 
32.671 
33 885 

13.768 

-0 

0- 

-0 -- 
00 

0- 

-0 

00 

00 

00 

13.078 
13.396 
13.767 
14.153 
14.667 

15.4 25 
17 .024 
17 .805 

19 -693 

21.357 

22.346 
22.959 

-0 

0- 

-- 
-0 

0- 

0- 

-0 

28.663 
23.227 
32.345 
32.669 
33.883 

00 

3.594 
3.781 

0- 

-0 

00 

9.218 
10.065 

13.069 
13.403 
13.771 
14.158 
14.686 
15.114 
IS -412 
17.014 
17.522 

19 -688 
20.653 
21.357 

22.335 
22.952 
24 -861 
25.757 
2'1.030 
28 -660 
29.228 
32.342 

33.880 

ii .49i 

-0 

0- 

-- r r c  
3C.000 

Varlrn. 3700 GC equ ipped  wlth J 8 Y Hegabore. OB 624 Capillary 
Column (30 m X 0.53 1.0. mn) uslng hellum carrier gas. 



S u p l a  h o u n t 1  

R o t  T l w  PkO 

S.690 2 
&.::z 3 
6.709 4 
7.831 s 
0.431 6 
V.170 7 
10.927 0 
11.209 9 
11.331 10 

s.ooe i 
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TABLE 9. GC-HS-SIH CALIBRATION TABLE 

13.747 14 
14.387 1s 
14.6:: 1L 
J:.osa 17 
as.18; ie 
is.az9 19 
rr.cjfr lit 
14.9% 21 
17.492 22 
17.610 23 
17.S62 24 
16.46: 2: 
19.012 26 
19.729 27 
20.19% 20 
20.407 29 
20.806 10 
20.916 SI 
20.911 32 
-.I) .r-g TJ 

t3.179 ZS 
rJ.307 5 + .  
&.“17 37 
2Z.413 38 

26.714 40  
27.680 41 

- 0  -e- 

t=.44e = 
-* - 
::.am 3v 

O.OO0 Uncalibratod Poak WI O.OO0 C l u l t i g l l w 8  1.000 

Llgnal h c r  4mt Dotv 
a:*w .W 
30.00 .IY 
es.00 uu 
62.00 .mu 
v4.00 &mu 
L4.00 .u 

101.00 .u 
L1.00 .mu 
49.00 uu 
41.00 .W 
131.00 uu 
63.00 &W 
61.00 .mu 
s3.00 .mu 
62.09 .mu 
97.00 .u 
79.00 .W 
117.00 .rU 
63.00 .mu 

&30.00 &mu 
7:.w .mJ 
7z.00 .mu 
97.00 a m u  
91.00 .mu 
107.00 amu 
14..60 .mu 
112.00 .W 
91.00 .mu 
91.00 .mu 
104.00 ~ C . U  
a:. 00 .mu 
91.00 a m  

:o:.ss aau 
10:.00 a m  
1oz.w uu 
146.00 
91.00 .mu 
146.00 &mu 
146.00 

tr“1.00 .mu 
ieo.oo 

1 s i t0  
12720 
@-do 
80SO 
12210 
12374 
12300 

127LO 
13,SO 
7420 
12710 
12630 
7670 
9040 
8100 
10760 
8340 
12780 
a750 
4:40 
3380 
12690 
10010 
4710 
7930 
7140 
12740 
31.roo 
1 zf90 
11690 

t & T i O  
12620 
12710 
126wA 
moo 
t z v o  
1 z 1 0  

7470 

t w o  

a 108% 

a3:20 

0 0 0 1  5 0 5  
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TABLE 10. EXMPLE OF HARD-CWY OF GC-W-SJM ANALYSIS 

- 
Datb. 4 5 1 8 :  D A T A B G Y R ~ A O ~ A . D  
F i l e  type: GC / )1S DATA FILE 

Name lnfo: SYR 1 
f l i rc  fnfoa 
Operator a JDP 

Date : 8 J m  87 lot02 a m  
Ins tr m e n  t t HS-3970 
In1 et : Gt 

- 

Sequence i n d e x  a 1 
41s b o t t l e  n u m  I 2 
Replicate num t 1 

:::I O D 0  

h 
n 
Y 

n 
(. 

.. 
M 

F A t S f  t Shoulder Detection Enbbled 
0.020 I Expected Peak Width (?!in) 

11 : I n i t i a l  Peak Detection Threshold 



a 
TABLE 10. EXNIPLE. L?F HARD-COPY OF 6C-MS-SfN-ANM.YSIS ( c o n t , )  

Signal C.mp.Un0 
Doatrr rt f en 

0 0 0 5 5 0 6  

TOI4-73 • 
"".ro.toP'I J~ 
;.-01. In4 •• S~ I 
"', ac In4 •• 

a Jan 17 10.0: •• 

JntoVro£t1on Fil. H ••• • DATA.SV~A02A.J 
5.Qwenc. InG.=. I 

L •• t lIDG.t •• 
r..4er-onc. ,. .... W,"" .... 

Ho"~.f.p'."C. "o.~ Wa""o •• 

a J." W7 a.l~ •• 
:.00 -'.olut. ""nut •• 
0.40 ~.olut. "'anwt •• 

5&111,,1. A«.ou"tl 0.000 Unc.IS~p'.t.d ~ •• ~ ttt:, O.QOO ""I U D Ii Or" 1 ••• 7 

F •• I, Int R.t IU ,,,.1 C •• p.un .. 
~~~ 't'..-_ ,,--- ~~= O •• .:r, .. tteft M& •• kw. -....,,~ -T"- -r..,.· 

I 1 ~F' :.020 "' ... 8:.00 . .., n;EOH 12 1:8.~ .011 ,,~t ~' - I FOP : •• :4 ..... .. :0.00 ..., ft£TMYLOG.OI\ I ... : %: •• DCt~ • J fir:· 6.=== ..... a:.oo .au '''EOH U4 7067 121: D"t~ .. 
~ 1 ,. .. • •• :0 ..... .:.00 .... VINYLCHL~ID 2.~: I~ DOtv 
• I lor:' 7.all ..... .4.~ .... rtETMVLlaRoPtJD 2.~1 11~ p~t" .. 
6 1 .(0 •• 4:1 ..... ••• (1() . .., ITMYLCHLDf\J D :1:::4 :7 •• ,,~tv 
~ 1 .... 

~ .• "C· -.~. I(,'J • (\(i .... F~EON II :::'." ... e· D~h ~ . 
& :. to~· 1(I.ito~ ..... el.O(I .... V: NDEtCOLO'- :0:::4 17(0(' Dotv • c 1 flF 11.1&7 "' ... ••• 00 .au D I CMLC1\Of1ETM .80:' :3., ""tv '. 1 F'r:' 11.:=~ ..... 41.00 .... ALLYL~CII\JD 7., &:C7 pot~ 

1 (or:' 11.:7' P\A •• 1:1.00 .... ~HLVLU£'t"" !«:-? 1.:~ IIIOt'" .. 1 .r: 1: ••• : P'I ••• 6- .:.00 .• IIIY I.IDICHLOETM :0:: 17:8 c;.ca" .- J \IF 1~.::"C P\A •• 61. CrO .!bY C -I • ::)2 CMLET a':'~1 1.7(1 1110':'" .. ' 
1~ 1 FH 1:.71: ..... 8:.00 .-.. CHL.D"OF'Or... .:::7 ,.:-i IIIC.t~ .. 1 (or: la.:78 "' ... .:. C'O ...... I .:D I CHLETHA :(1('. =.:. PC·t .. · . -' .e 1 F" 14.:". "' ... 'F?O(I .MY P'lETMCML~O •• :6 ::~.& PC-~" :, J ~. J~.OO. ..... 78.0Ci .-w .EHlEH£ 8:::= :167 lII~t .. · 
:a 1 • ..".. 1~.1:.4 ..... 117.0('1 ..... CAJ..ONTETR-C :.8. ',91 :; po~~ 
Ie 1 ., 1:;.a21 ..... ~.OO .... 1 •• DICMLF1'OF' ::S~ ,79C' pptv 
:~ 1 .fI 1 •• 0.7 ..... 1~.OO . .... T" J CMLETHEHE .:8. :SC'" pet ... 
:1 1 J, , •• 9.1 ..... 7:. (to . ... c-l.~I04LF~ :::8 .57.= PP~v 

1 .- '7.a7~ P'I& •• 7:. (J() ..., t-'.::DI~ a:. •••• : PC'~ .. 
1 ... 17.: •• P'I& •• 97.00 .au l.l.:CHL..E1l4A :7:1 177: pp~v -. J ..... :~.= •• :-0& •• .:.00 .., TO'.UE!E 1 .... 17 :7 ... : ppt .. .. - .'" - I ... II ••• : ..... 107.00 ..., ED .. a070 1-'· POlv -- "0-:. 1 ~ 11 •••• ..... 1 ••• 00 . .. TETAAOLE'THE •• 7. :0.: ppt,,· -- 1 '.f; 1 •• '0: ..... .U:.OO·..., CHL~OflENtEN : ... 1::4 r.lllt ,. _I 

:& 1 .- :o.,.a ..... .1.00 ..... ~EN%ENE ·UCI •• J.": PP~~ 
:- 1 ,.. 20.:72 ..... .1.00 . .. .... -IYLENE 17 ••• :'79(1 pptv 
~ 1 rJ 20.77, ..... '1(&4.00 ..., STYUNE ~Ia: , .. : PDto,.· 
:2 J flM :0.8.7 ..... a:. 00 ..., T£~~E1M' a::: 1 J~. p"t", -.. 1 fill' 20.'.: ..... .1.0(1 ..., .-IYLEtC .7.8 2<110 p~t.v -- 1 V'J ::.4a. ..... 10:.00 ... "-ETHYL TaLUE 7 •• 4 14" pPty -::C 1 VIo :: •• 0. ..... 10:.00 ..., 1.::.:rtETIOEN .7al 170: fotv - 1 ... ::.1.· ...... 1t~.OO allY I .: • 4P£THK111 789: 20~ pPt"" -• I ...., ::.:'7: "' ... 14 •• 00 ..... __ DJCMLIEHZE 3( ... IU. pPtv 
.::7 1 vv ::.:7. ..... .1.(1() ..., ..ENZYLCHLaRl :s1180 100.- PPt~· 

:a 1 ve ::.:7, P'I& •• ,4 •• 00 ..., .-DICHL.PtE 6090 :164 pPt,· 
~. , .'" ::: .. ~ ..... ,4 •• 00 ..., _DI~ICN%E 289. 1:4. pPtv 
4(. 1 It. : ... ~:: ... .. laO.oo ..., I .:. 4CHLlt£NZ :'2 7.7.1 p~tv. 
as 1 •• :7.6::7 ..... =.00 ... HEIACM.JlUTAD ~ 17 •• pptv 
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FIGURE 2. SAMPLER CONFlGURATlON FOR SUBATMOSPHERIC 
PRESSURE OR PRESSUREED CANISTER SAMPLING 0001 507 



TO14 76: 

e 

I :  
-1.6 , 

- 
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Level 

6 
8 
8 
0 
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0 
8 
6 
0 
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I 
I 
b 
8 
8 
0 
I 
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0 
I 
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I 
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0 
a 
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0 
0 

FIGURE 3. ALTERNATIVE SAMPLER CONFIGURATION FOR 
PRESSURIZED CANISTER SAMPLING 
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FIGURE 4. 

0001'508 

1 &lass Speamcrar I In SCAN of SIM Mode 

CANISTER ANALYSIS UTlLlZfNG GGMS-SCAN-SIM 
ANALYTtCAL SYSTEM WITH OPTIONAL FLAME 
IONEATION DETECTOR WITH THE 6-PORT 
r u o n m i n T n e m n m u , f i q r n r  8 t C t b W T U e  e r n a n t  P 



FIGURE 5. GCFID-ECI) ANALYTICAL SYSTEM WITH THE W O R T  
CHROMATOGRAPHIC VALVE IN THE SAMPLE DESORPnON MODE 

• 

v.nt .... --t 

Cp11on11 
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Regulator 
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FIGURE 6. SYSTEM CONFIGURATION ASSOCIATED WITH 
THE GC-FIO-ECD-PIO A N  SYSTEM 
WITH THE 6-PORT VALVE 
IN THE SAMPLE N DE 
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FIGURE 7. CANISTER CLEANING SYSTEM 
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FIGURE 8. SCHEMATlC OF CALIBRATION SYSTEM AND MANIFOLD FOR 
(a) ANALYTICAL SYSTEM CALIBRATION, (b) TESTING CANISTER SAMPLING 
SYSTEM AND (c) PREPARING CA a TER TRANSFER STANDARDS. a *FT 



(a). SIrnpfe Clrcult For Operating Magnelatch Valve 

(b). Improved Clrcult Deslgned To Handle Power lnterruptfons 

FIGURE 9. ELECTRICAL PULSE CIRCUITS FOR DRIVING 
SKINNER MAGNELATCH SOLENOID VALVE WITH 
A MECHANICAL TIMER 
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T 
MANIFOLD CANISTER FLOW CONTROLLER 

RATE FLOW RATE REAOOUT 

.- 

-I 

A GENERALDJFOAMAllON 
SITE LOCATION: SHIPPING DATE: 
SITE ADDRESS: CANISTER SERIAL NO: 

SAMPLER I D  
OPERATOR: 

SAMPLING DATE: CANlSrERLEAK 
CHECK DATE- 

8. SAMPUNG INFORMATION 
TEMPERATURE PRESSURE 

START 

STOP 

STOP 1 I 1 I I I J 
SAMPLING SYSTEM CEATlflCATlON DATE: 
OUARTEMY RECERTIFICATION DATE: 

C UBORATORY MFORMATlON 
DATE RECEIVED: 
RECEIVED BY: 
INITIAL PRESSURE: 
FINAL PRESSURE: 
OlLLmON FACTOR: 
ANALYSIS 

GC-FIDECD DATE. 

GC-MSD-SIM DATE: 
GGMSD-SCAN DATE: 

RESULTS’: 
~ 

GGRD-ECD: 
GGMSDSCAN: 
GGMSIISIM: 

a SGNATURlVm7.E 
A I T m  DATA SHEf3S 

FIGURE IO. CANISTER SAMPLING FIELD DATA SHE- 
0001511 
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(a) SCAN analysis I 

TIME --t 
(b) SlM analys 

I g 
' TIME -b 

(c) FID analysis 

(d) ECD analysis 

FIGURE 11. TYPICAL CHROMATOGRAMS OF A VOC SAMPLE 
ANALYZED BY GC-MS-SCAN-SIM MODE AND 
GC-M ' .  U LTIDETECTOR MODE 

recycled paper 
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Cryogen 
Exhaust 

Insulated Shell 

. 

Bracket end 
Cartridge 
Heaters (25 watt) 

Cryogen In 
(Liquid Nitrogen) 

FIGURE 12. CRYOGENIC TRAPPING UNIT 



TOl4-86 

FIGURE 13. FLOWCHART OF GCMS-SCAN-SIM ANALYnCAL 
SYSTEM PREPARATION (WITH OPTlONAL FID SYSTEM) 

• 

• 

• 
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FIGURE 14. FlOWCHART OF GCFlD-ECD-PID 
ANALYTICAt SYSTEM PREPARATlON 
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(b). Contaminated Sampler 

FIGURE 17. EXAMPLE OF HUMID ZERO AIR TEST RESULTS FOR A 
CLEAN SAMPLER (a) AND A CONTAMINATED SAMPLER a. 
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FIGURE lI(r). NONLINEAR RESPONSE OF 
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UUU'" FIGURE 20. FLOWCHART OF ANALWICAL SYSTEMS PREPARATION. 
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APPENDIX A 

AVAIUBILITV ff AUDIT C Y L I N E R S  FROM UNITED STATES 
ENVIRONKNTAL PROTECTION AGENCY USEPA PROGRMS/ 

REGIONAL W F I R S ,  STATE AND LOCAL AGENCIES AND 
THEIR Q)MTRACTORS 

1. A v r l l r b l l l t y  of A u d i t  Cyl inders  * 

1.1 The USEPA has a v a i l a b l e ,  a t  no.charge, c y l i n d e r  gas standards 
of hazardous o r g a n l c  canpounds a t  the  ppb level t h a t  may be 
used t o  u d l t  t h e  performance of Indoor a i r  source measurement 
ryst ems . 
Each a u d i t  cylinder conta lns  5 t o  18 hazardous organic  can- 
pounds t n  a balance  o f  N2 gas. Audit c y l i n d e r s  are  a v a i l a b l e  
i n  several concen t r a t l on  ranges. The concen t r a t l on  of - each 
o rgan ic  c a p o u n d  I n  t h e  a u d l t  cy l inde r  I s  w i t h i n  t h e  range 

1.2 

i l l u s t r a t e d  I n  Table A-1. 

2. A u d i t  Cyl inder  C e r t i f i c a t i o n  

2.1 A l l  a u d i t  c y l i n d e r s  are p e r l c d l c a l l y  analyzed t o  a s su re  
c y l i n d e r  c o n c e n t r a t i o n s  have remained s t a b l e .  

2.2 A1 1 s t & i l  I t y  ana lyses  include q u a l i t y  c o n t r o l  ana lyses  
p p b  hazardous o rgan ic  gas s t a n d a r d s  , p r e p a r d  by the  N a t  

Bureau of S t a r d a d s  f o r  USEPA. 

3. Audi t  Cyllnckr  Acqu i s i t i on  

t n a t  

o f  
ona 

3.1 USEPA prograWregfona1  off icer ,  s t a t e / l o c a l  agenc ies ,  and t h e i r  
c o n t r a c t o r s  may o b t a i n  a u d i t  c y l i n d e n  (and an a u d i t  gas  de l ive ry  
system, If a p p l i c a b l e )  for performance a u d l t s  d u r i n g :  

o RCRA Hazardous Yas t t  T r i a l  Burns For PHOC's; and 

o hmbfent l fndoor  Air Ueasutement of Toxic Organlcs. 

3.2 The aud i t  c y l i n d e r s  may be acquired by con tac t ing :  

Robert L. Lamw 
U.S. E r ~ v i r o m e n t a l  P r o t e c t i o n  Agency 
Enviror;nental +ani tor4 ng Systems Laboratory 
Qual 1 t y  Assurance Div is ion  
140-776 
Research Tr iangle  Park, NC 27711 
919-54 1 - 4 5 3  1 
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TABU A-1. AVAILABLE USEPA PERFORMKE 
AUDIT CYLI)(DERS 

Group I Canpounds Group 11 Canpounds - 
Carbon Tr 1 c h l  oroet  hy l e  ne 
t e t r r c h l o r l  de 1 J-dl chloroethrne 

Chl orof o m  1 ,2-dlbranoethrne 
Perchloroet hylenc Acetonl trl l e  
Vlnyl chlorlde T r l ch lo ro f  1 uoranethrne 
Benzene . (Freon-1 1 ) 

Olchlorodl f luormethane 
(Freon-1 2) 

B r Qnome t h r ne 
Methyl e t h y l  ketone . 
1.1 , I - t r lchloroethane 

Group I Ranges Grouo I 1  Ranges 

7 t o  90 ppb 7 t o  9G p3b 
90 t o  430 ppb 90 t o  430 ppb 

430 t o  10.000 ppb 

GtouD I V  

Acrylonl t r l l e  
1,3-but adi ene 
Ethylene aclde 
Met hylene ch lor ide 
Propylene oxide 
o-xylene 

Group I V  Ranaes 

430 to 10.000 ppb 
7 t o  90 ppb 

0’001 5 1  13 

Grouo V 

Carbon t c t r ach l  o r l d e  
C h l  o r  ofonn 
Perchloroethylene 
Vlnyl ch lo r ide  
Benzene 
f r i c h l o r o c t  hylene 
1 ,Z-dlchl oroethanc 
1,2-dlbromethanc 
1 .l ,I - t r lch lorocht rne 

Grouo V Ranges 

1 t o  40 ppb 

* -  

Croup I11 Compounds 

Pyrldlnc (Pyr ld lne I n  Group 
111 cy l lnders  but eertlf1cd 
rnrlyrlr nut rva i l rb ’ le )  

V 1  nyl I dene chl  or1 de 
1.1 ,2-trlchloro-1.2 .2- 
t rl fl uoroet hrne 
(Freon-1 13) 

1,2-dlchloro-1.1,2,2- . 
t c t r r f  1 uorocthane 
(Freon-1 14) 

k e t o n e  
1-4 DIoxrne 
Toluene 
Chlorobenzene 

group I 1 1  Ranges 

90 t o  430 ppb 
7 t o  90 pFb 

Methylene chl or lde  
fr l  chl o ro f l  u o r a e t  hrne 

(Freon-) 1 ) 
Bromanet hane 
To 1 uc ne 
Chlorobenzene 
1.3-Butadl cnc 
o-xylene 
E t b l  benzene - 
1 ,2-dl chl  or opt opan e 



APPENDIX B 

WERATING PROCEDURES FOR A PORTABLE G A S  CHROMATOGRAPH EQUIPPED 
WITH A PHOTOIONlZATlON DETECTOR 

1. kope 

This procedure I s  Intended t o  scrtcn a*lcnt air environments for 
volatile organic compounds. Screening Is iccompllshed by col lect lon 
o f  VOC samples w i t h i n  an area and analysts onslte using a portable gas 
chraRItogr(rph/lnttgrrtot (Photovac Hodtlr 10310, 10350) or qulvalcrnt .  
This  procedure i s  not intended t o  yteld quantttattve or definite guall- 
tative Infomation rcgrrdlng the substances detected. Rather, I t  pr+ 
v i d e  I chranatographlc oprof i le '  o f  the occurrence and intenslty o f  
unknown volatile canpounds which ass1 sts i n  placement of flxed-site 
smplerr. 

2. Applicable (kcuments 

2.1 ASTH Standards 

E260 - Recommended Prattlce f o r  General Gas Chrmnatography 
Procedures 

E355 - Practice for Gas Chranatography Terns and Rtlatlonshlps 

2.2 Other Documents 

Portable Instruments U s e r ' s  Manual for Monl t o r l n g  V(IC Sources 
CPA-34011-86-015, U.S. Envlronmental Protectlon Agency, Yashi&ton ,  
DC, June, 1986, 

3. Sumnary o f  Method 

3.1 An alr sample I s  extract& directly fran arblent air and rncrlyred 
on-site by a portable 6C. 

3.2 Analysis I s  rcanpllshed by drawfng a n  accurate volume o f  anblent  
rlr through a sampilng port  and in to  a concentrator, t hen  the 
sample air I t  t r a m p o r t d  by carrier gas onto a packed c o l m  and 
l n t n  8 010, rtsultlng i n  response peak ( t ) .  Retention tlmcs are 
canpared with those In a standard chrmatogram t o  prcdict the 
probable identity o f  the sample canponents. 

4, Signlflunce 

4.1 VOCs w e  emltted In to  the atmsphere fran a variety o f  sources 
including petroleum rcflnerles, synthetic organlc chemical p l a n t s ,  
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I nrljral p s  processing plants, r r ~  rutomob l e  u h a u  . Many of 
these VOC a i s s i o ~  8re acutely toxic;  therefore, their dcterrri- 
nation i n  indoor rlr I s  necessary t o  assess human k r l t h  impacts.  

4.2 Conrcntionrl nethods for  VOC &ternination use solid %orbant 
a d  un i s t e r  srmpllng tcchniqun, 

4.3 Collection of Indoor rlr samples In crnisten provides (1) 
convenient integrrtlon of &lent trmplet over a specific time 
period, (e.0.. 24 hours); (2) remote srapling and central analy- 
sls; (3) ease uf storing rrd.shlpplng tamp’let, If nccessay; 
(4 )  unattended smpte col1ectlon; (5) rnrlyslt o f  samples frm 
multiple s l tes  w i t h  one analytlcal system; and (6 )  collectlon of  
sufficlcnt sample voluae t o  allow rssessrwnt of measurement pre- 
cision ard/or rmlysit of samples by several rnalytlcrl systems. 

4.4 The use d portable 6C equ lpp td  w i t h  wl t lde t tc ton  has assisted 
rlr toxlcs progtmnr by using the portable 6C as 8 mscreenlng tool’ 
to dctem?nc .hot spotsSm ?otcrr ,~  r’l 1 fCerfcrences, end‘ sed- 
quantitrtfon of VOCs/fvOCt, prior to loo t ing  mre trrditlonal 
f Ixed-sl tt samptc rt , 

5. DefInl  t lons 

Dcflnltiom used i n  thls  document and I n  any user-preparcd S t a n d a d  
Opcrrtlng ProccdufeS (SOPS) should be consistent w i t h  ASRt Methods 
D13S6 and E355, ~ b t e v l a t l o n s  a d  synbols p r t l n e n t  t o  t h l s  method 
are deflncd a t  point of use. 

6. I me rferenccs 

6.1 The most slgnlffcrnt lntcrfcrcnccs result frm cxtrcmt differ-  
ences In llmlts of detaetfon (LOO) rmng the ta rge t  Vas (frbla 
8-1). Limitations i n  nsolutlon rssoclrted w i t h  rnbient tempera- 
ture, chrunatography and the relatively large number o f  chccnlcalS 
result In coclution of marry of the target canponents. Cotlvtlon 
of canpounds wlth s tgn i f iun t l j  dl f fer tnt  PID sensit lr i t ies 
w l l l  mask canpounds w i t h  more modest wnslt lr l t les,  This w i l l  
be most dramatic I n  Interferences frm benzene and toluene. 

0001519 
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6.2 A typ ica l  drranatogram and peak rssignments of a standrrd mixture 
Of trrQet VOCs (under the .- g r t u r l b e d  analfl lC8I conditions of t h i s  
mthod) are l l l u s t r r t e d  I n  Flgure B - l o  Samptcs w)rlch contain a 
h igh ly  canplcx mixture of  caponents a d l o r  In ter fer ing levels o f  
benzene and toluene are rna l y r td  on 8 second, longer chranatogtrphlc 
co1unn. The same l l q u l d  phase l n  the ptfmary column I s  contalned 
In  the  al ternate column but a t  I higher percent loading. 

6.3 Rece-a designs I n  canmerc i~ l l y  avallrb1c 6Cs (Table &2) hive pre- 
concentrator c r p a b i l l t i e s  fo r  sampllng lower concentrations o f  VOCs, 
pre-colmn detect ion w i th  back-flush capabl l l ty  f o r  shorter ana ly t i -  
cal t i m e ,  constant column temperature f o r  method prcclslon and a t -  
curacy ard mult idetector ( P I D ,  f C D ,  and FID)  capabl l l ty  for ver -  
S8 t f l l t y .  Uany o f  these newer features address the weaknesses and 
Interf t rences mentioned above. 

0 

7. Apparatus 

7.1 6at chromatograph. *h GC (Photovac Inc,, 739 b Parks Ave, Hunt- 
ington, NY, 11743, Node1 lOSI0 or lOSSO), or q u l v a l e n t  used f o r  

Surveylng aMierr t  a ir  environments (which could employ a multldc- 
tec to r )  for s t m l n g  numerous V K s  canpounds e lu t ing  from a packed 

colunn a t  roun temperrrtures. This psr t l cu la r  portable CC procedure 

f s  written cz:pIsylng t h e  photoionization detector as I t s  major 
sensing dcvlce, as par t  of the Photovac &de1 lOSl0 portable CC 
survey tool .  Chranatogtuns are developed on a column of 3% 
SP-2100 on 100/120 Suplcoport (0.66 n x 3.2 mm 1.0.) wi th  r f l o w  
o f  30 cm3/mln r l r .  

several other pieces of quipment are r q u l r t d  t o  .exrcvte the 
survey tamp11 ng. Those Include gas- tight s y r l q t r  f o r  standard 
ln ject lon,  al ternate carr(er gas suppll eo, hlgh pressure connec- 

. t lons  f o r  f i l l i n g  the in ternal  cartler gas f e S C I y O ( r ,  rnd if 
the M d e l  loft0 Is.used, I recording Integrator (Htwlett Prckard, 
Avondale, PA, Model 3390A), or q u l v r l e n t .  

7.2 GC U a s s o r i e s .  I n  addit ion to the basic g a t  ChtUn8tograph, 

8. Reagents and Mater1 a ls  

8.1 Cir r le r  gas, 'Zero' a i r  [<0.1 ppm t o t a l  hydrocarbon ( fHC) I  i s  
used as the  carrier gas. This gas I s  conveniently contalned I n  

0.81 a13 (30 ft3) aluminum cylinders, Car t j c r  QAS of poorer qual i ty  



my result i n  spurious p e a s  In sample drramtogrus. A Brooks, 

tube rrd glass flmt 1s used t o  set mlum flow. 

(e&, benzene. trich1otoet)gllene. ani s t y m n e )  l n  nltrogrn i s  
used for m n l t o r l n g  instrument p t r fonuncr .  The approximate 
conctnt ra t lon  for each o f  the canpounds i n  this mlxture 1s 
10 p n t s  pr  b i l l i o n  (ppb), This mixture 1s manufactured i n  
small, disposable 98s cy'llnden [at  275 kP8 (40 PSI)] frm Sco t t  
Spec1 a l t y  6ases. or  equivalent.  

8.3 Reagent grade ni trogen QaS. A rlnrll disposable cylinder of high 

. p u r i t y  ni trogen gas Is used f o r  blank tnject lons.  
8.4 Sampling syringes. 68%-tight syringes, without attached shut-of f 

valves (Hamilton Model lOOZLT), or q u l v a l t n t  are used t o  In t ro-  
duce w c u t a t e  sample volunes into t h e  high pressure ln j tc tors  
an the s m & ? k  3cs chrcmrtogrrph. Cas syringes with shut-off  

valves arc not recanmended because of mmry probltas assoc~rted 
d t h  the valves, For smpla rutpctcd of contrinlng high con- 
centrat ions o f  v o l a t l l c  c a p o u n d s ,  di sporable g lass  syringes 
(cog, Glaspst, or equ iva len t )  r l t h  s t a i n l e s s  s teel /fef lono hub 
needles are used. 

f o r  f i t l i n g  the in te rna1  carrier gas reservoi r  on the  portrble 
6C t s  used t o  dcllrcr 'zero' air .  

' T y ~ t  ?35503C:AU racrncter {or q u l v r l e n t )  with an R-215-MA 

8.2 System pr fo rmrnce  mlxture, A mixture of three t a r g e t  C a W J n d S  

8.5 High pressure fil ler.  An d a p t e r  (Photovac SAlOl, or qr r tva len t )  

9. Procedure 

9.1 Instrument Setup 

9.1.1 nK por table  gas c h r a u t o g r r p h  mus t  be prepired p r i o r  t o  
use i n  t h e  rabient survey turgl lng.  The pre-sampling actlo 
v l t l e s  c o n s i s t  of f t l l i n g  the internal urrier gat  
cyl inder,  charging the I n t e r n a l  power supply, adjusting 
- 1 d l v i d u a l  c o l m  urrler  gas f l o n ,  a d  r tabl l lz ing the 
photolonlrat ion detector. 

The i n t e rna l  la, 6Ajl tead/ rc ld  ba t t e ry  ern be recharged 
9.1.2 The Internal  resenolr i s  f i l l ed  w i t h  'zero' air. 

0001520 t o  pror lde  up to e i g h t  hours of  Opf8tlOn. A b t t e r Y  
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which Is discharged w i l l  autmat~Cr’lly cause the power 
to the Instrument to be s h u t  down and will r q u i r e  an 
Overnight charge, Dortng AC operation, %he batteries 

.ode , 
9.1.3 the portable 6C should be operated (using the internal 

battery power supply) a t  least forty m f n u t u  prfor t o  
coll tct lon of  the flnt sample ta Insure thrt the pho- 
toionzatlon detector has s t rb~1lz td ,  Upon arriving a t  
the area to k sampled, the u n l t  should be connected 

Will autaMt1cally k trkkk-dWQcd O f  i n  8 Standby 

t o  AC power, I f  &V8118bk, 

9.2 Sample Collectlon 

9.2.1 After the portable gas chranatogtaph i s  located and 
connected t o  110V AC, the u r r i e r  gas flows must be 
adjusted. Flows to the 1.22 meter, S I  SE-30 and 0.66 
meter, 3: SP2100 columns arc adjusted w i t h  needle valves. 
Flows o f  60 cmS/min (SI SE-30) and 33 cm3/min (3% SP2100) 
are d jus ted  by mans o f  a calibrated rotamter. Switching 
ktretn the two columns I s  r c c a p l f s h t d  by t u t n f n g  the 
valve located beneath the electronic nodule. O u t i n g  long 

periods o f  I n a c t i v i t y ,  the flows to both columns should 
be reduced t o  consewe pressure i n  the internal  carrier 
gas  supply. The bate\ t ne on t h e  cecordet/lntegrator 
i s  set t o  201 fu l l  scale. 

9.2.2 Prior to analysis o f  actual samples, an i n j e c t i o n  of the 

performance evaluation mixture must be made t o  verify 
chrmatographlc and detector perfomance. Thfr 1s rccm- 
pt irhcd by dthdrawing  1.0 nL srmplcs o f  this mixture 
fran the a l i b r a t l o n  cylinder and injecting I t  onto the 3% 
SP2100 column. The next sample rnalyred should be a 
blank,  conststing of reagent grade nltrogcn. 

9.2.3 Ambient a4r samples are tnjtcted onto  the 31c SP2100 
column. The drranatogram i s  developed f o r  15 mfnuter. 
Samples which produce particularty canplu chrunrtograms, 
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especl a1 l y  f o r  early elutlng canponents, are nlnjected 
on the 5% $E-30 column. [Mae: I n  no Instance should 1 

syrlnge whlch has been used l o r  tRe lnjectlon of the 
cr~lbrrnt/syttem pcrlomrnce mlx tu t e  be used for t!w 
rcqulsltlon and collection of SUrplm, o r  vlce versr.] 

9.2.4 Srrples hrve generally been t o l h c t d  frm the -lent rlr 
r t  s l tes  rhldr are near suspected sources of V O C t  and - SVOCt rld cunprred u l t h  those rhlch are not. Typlcrlly, 
selectton of t u p l e  ~ocr t~of t s  1s based on the presence 
of  chemlcrl odon. Samples collected l n  areas r l t h o u t  
detectable odon have n o t  shown slgnlflunt PID responses. 
Therefore, suapllng efforts should be l n l t l r l l y  concen- 
trrttd on .suspectD envlromwnts (i.e., those rrhlch have 
rpprecfable odors). The objective of the srmpllng I s  to 
locate sources o f  the target compounds. Ultlmrtely, 
srnples should be collected t*wghout the entire locrtlon 
bu t  u l t h  partlculrr rttentlon glven to areas of hlgh  o r  
f r q u c  n t  occupation. 

* 
9.3 Sample Analysis 

9.3.1 Qurlltrtlve rnrlysls. Positlvr ldentlflcrtlon of sample 
cmponents 1s n o t  the objective of t h i s  g~crctnlngg proct- 
dure. Vlsurl canprrlmn of retcntlon t l n s  to those I n  
r s tandard  chrartogrra (Figure 8-1) w e  usel  only t o  
predlct the probable umple component types. 

mates of  canponent concentrrtlom are utrcmcly t en t r t l ve  
and a n  based on lnstrment responses t o  the cr’llbrrnt 
species (cog. benzene, trlchlomethylene, styrene) t h e  
proposcd component lecntlf 1 cat lon rnd the d l f  ference 
In response between rraale cunpoaent and crllbrrnt. For 
purposes of  locrtlng pollutrmt mission sources, roughly 

.. 

9.3.2 Estlartlon o f  levels. As w i t h  qurlltrtlve r n r l p l t ,  est+ 

estlmrted concentrrtlons rnd suspected campound types Ire 
comldcred tufflclent. 

0001521 
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10, Perfomnct Criteda and Q u a l i t y  Assurance 

R q u i  red qual1 ty assurance measurer and guidance concernlng ptrfor- 
m a n e  criteria t h r t  should k rchteved w l t h l n  erch laboratory are 
sumarrrited rrd provfdcd In tbe fo’llorrlng section. 

10.1 Standard Operrtlng Proccdurts 

10.1.1 309s should k generated by the usen to describe - and document the following rctlvitltt i n  their l abo ra-  
tory: (1) rsrenbly, calibration, leak check, and oper- 
rtton of the rpeclflc portable 6C sampling system and 
q u i p m c n t  used; (2) preparation, storage, th lpmen t ,  and 
handl ing  of the portable 6C sampler; (3)  purchase, cero 
tfflcatlon, and t ransport  of standard reference cate- 
r i a l s ;  and (4 )  a l l  aspects o f  data recording and processing, 
including llrts o f  cunprrter hardware and software used. 

10.1.2 Spcclflc ttcprlte InstruCt!ons should be provlded in 

stocd by the penonnel mnduc t lng  the survey work. 
tk SOPS ard Should k rtadily rvrflrble tS A n d  under- 

10 02 Quality Assurance Program . 
10.2.1 Reagent and mterlals m t r o l .  The carrier gas mployed 

w i t h  the portable 6C Is .zero airm con t a in jng  lest t h a n  
0.1 ppm VOCs. System performance mixtures arc ctrtlfld 

standard mixtures purchased from Scutt Sgcclalty Gases, 
or q u i  val ent. 

sheets mast k completed for  each sample. Specfficr of 
thc rrrnple with regard t o  rampltng location, saq le  volume, 
rnalysls conditions, rnd  support ing callbratton and v l s u a l  
Inspection infomation art detal l td  by these documents. 
An example form Is exh lb l t cd  In Table 8-3. 

- 

. 

10.2.2 Sampling prwtocol and chrln of custody. Sampling protocol 

10.2.3 Blanks,  Duplicates, rnd System Perfomance Samples 

10.2.3.1 Blanks and Duplicrtes. Ten percent of a l l  ln-  
jcctfons made t o  the portable 6C w e  blank$, 
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when the blamk i s  reagent grade nitrogen gas. 
This i s  the  seeand injection I n  each tmpliq 
loutton.’ &I additional 101 of a l l  inijectlons 
rrdc are duplicate injections. Thlt w i l l  cn- 
hame the probabil i ty th8t t)w drrmatograa of a 
sample re f lec ts  only the canporttion of that SUD- 

p le  a d  n e  MY previous injection. Blank injec- 
t i o n r  showlng r s i p i f l u n t  amount of contaminants 
w i l l  bc uuw f o r  r e m d i r l  action. 
System Perfoonuncc Mixture. An in ject ion o f  the 
systea perlomanee mixture u l l l  k made rt  the k- 
glnnlng of a v i s i t  t o  a p r r t i c u l r r  srmpling l o u -  
t i o n  (i.e., the  f i r s t  InJection). The range of 
acceptable chranatogrrphic systaa perfornrrncc c r i -  
t e r i a  and detector response i s  shown i n  Table 8-4. 
mtse cr i ter ia  an selected r l t h  regard t o  the In- 
tended rppl icat ion of t h i s  protocol and the 1imltf. 
r v a i h b i l i t y  of standard r ixtures i n  t h l s  area. 
Corrective = t ion  should be taken w l th  tht c o l m  
or PID  before sample 1nJeuions a r e  made i f  the per- 
fomancc Is d e d  out-of-rrnge. Under t h i s  regimen 
of  blanks I n d  system pr fo r r rnce  tamp\es, approxi- 

mately e igh t  samples can be c o l l e c t d  and analyzed 
i n  a tkee  hour v i s i t  to tach uapting location. 

10.3 Method Precltton bnd Accwrcy 

Thc purpose H the m r l y t l c r l  approach outlinal i n  t h i s  wthod 
i s  t o  provide presurptlve informrtion regarding the presence 
of  selrctsd VOCs rrd SVOCs emissions. In  t h i s  context, p r e l s l o n  
and accuracy are t o  be deterrlned. b v e r ,  qua l i t y  assurance 
c r l t e r l a  are described i n  Section 10.2 uhlch insure the samples 
c o l l e c t d  -resent the Indoor enviroment. 

10.4 Rrnge rnd L l i l t s  of Detection 

The range and l l r i t s  of detection of t h i s  method are h ighly  
empound dependent d w  to large differences i n  response of 
the por t rb le  6Cr phatoioni tat lon d e t k t o r  t6 the varlous 
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t a rge t  compounds. Aranatlc  canpounds and o l e f l n l c  halogenated 
compounds ulll  be detected a t  lower levels than  t h e  hhlomcthanar 
o r  r l i p h a t l c  hydrocarbons.’ The c o n c t n t r a t l o n  range Of rppllcr- 
t lon of thls mtbd i s  approxfmatcly tw ordcn of  magnitude. 

• 1014-89 

tl~et Arcrnat 1c cc:rnpounds o1efi nit 

will be It , eVIls ha' Qn\fthanes 

aliphatic The concentration range applica-

tion this wnethod is approxillltely two orders aagn1tude • 

• 

• 
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TABLE 8-1 

ESTHMTED LIHITS OF OETO~TIOW (LOO) FOR ~ Z L E C T ~  vat 
, BASED om.1 UL SMPLE VOCUIE .. 

Compound LOD (ng) . L o o  (ppb) 

C hl  o roto r d  
1 ,l ,l-Tr~chlorocthrnca 
Carbon tctrrblortdca 
Benzene 
1 ,2-blchloroethancb 
Tr;chlorocthylan& 
Tetrachlorocthylcn& 
1 ,Z-Dlbranocthrnt 
p Xy 1 en e C 
II- xy 1 a nac 
0- xy t en$ 
5 ty ran 

2 
2 
2 

.006 

.os 

.O 5 

.OS 

.02 

.02 

.02 

.01 

.01 

i50 
450 
450 

2 
11 
14 
14 
2 
4 
4 
3 
3 

Whloroforn, 1,1,1-Tr~ch1orocthrnc, and Carbon tetrachloride coelute on 

bl  ,Z-Dlchloroethrne, Trlcholrocthylena, 8nd Tetrrch1oroct~lcne coclutt on 

Cp-Xylene rrd *Xylene coclutt on 0.66 m 3% SP2100. 
dStyrenc and 0-Xylene coelute on 0.66 m 3% 3P2100. 

0.66 m 3% fP2lOO.  

0.66 m 3% fP2lOO. a 
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TABLE B-2 

C(MM RCI ALLY AVAI U B L E  
PORTABLE VOC DETECTION I)(STRUENTf 

\ 

• 
8·2 

c()ttt: LA8LE 
VOC 1 NSTRUf£'NTS 

e.ln"" .. 
fT.., 

OtefcU'1I ...... ....... SeMU t.acl .f .au III"U., 1,,..,,,.,1. .... Se"I't'.'t, tt_ , Ac,,".,., •• T"""'t .. tI Ilnh ..... latt .u ..... e"t,S \.I. 

ISO,lIl 'ID. 0·100. 0.1 , .. u 4 • I., • ""U"I • 1Ir. -,_ I.' nS,sll) nD 0·1000. 0·200 , .. s...,u .. CI'" ". tAID. lac. O·lI.OOO .. " • ",'ul ""." ...... " 
"" .,,_ wt 

"",,'fle!! 
~: "". "" III·~II. IU.l •• I • !" ...... l I "'/\II • ~u." •• 1'1 16• JIlU 

0·'00. ("" .. , UI) 0110","" s.,u f.tI .. ,. 
c..e.,., 0·'1100. 0.1 ,.- I ,.,11,,,. • 't,." • kNl. S,,, ..... 0·10.000. (~ .. , 101) .o,tll",l II: I"Jtct tl" U •• " •• 
'lie. 0·100.000 • .. n, ... I .. ' .....,. I c...ouM, 
(I .. Nre' elllut.t .. 

It,. Ih, 
I.., ,.,. ,,,.M • lit,. nil. 
tl eOltO, 

• 
JT·un "" II Iv.1 , ... Q 
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1-2000 • , .. &1" (., .. "", _tilt .. 
• 10.2 

(1-4 e.-
~ftCI'J 

• 11.7 (II"oear-. ~o". ) 
T~' J",rr"I~'\'I'\I' 10·'00 iZ.w ,. 

I - · "'.~' JllII 
(l.e".,a,II' , ...... o·s_ ..... 

ttlll O.SO.VOQ SlIIte 
t"I,&I' Cn"~" O·lOca 11 U\. 15 • II, Sa~. '01 ...... '" 
'00 , ....... LlL- ,II , ... , 

(Ea,,,.etu u •• . ...,"" left",., .".ft. 
"U'"'' 

"',.." 1A III , .. " . I' ,. I,.t -'101 '.IDO 
,r"M"" .,,' 10 
flIrt" '~) II- , .. " . ,U,MIII 
relM" 
~t"\I' ,iWU;. IU.Gl ,,. '1 ~ ,r,., Oft, t"\"-

• '" " MIll 
'l.ItIl ("."., ""'" ''''''es \I" T".,..1 ,II '71. 

I."tll- 01 .. ;,."." .'rec ... · 
tt •• '11 CC ",-. etlltr,Ur 

M. Cal. ." (.ea_ f,.. ,"",,.,, 
In c;,U .. ., 

.... "." 1'"1 II 10 •1 " ..... I • l1li&1 ~I_ • "h,-, .. - • ·Zll 
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tOl4-012 

TAUlE 8-3 

PORTABLE 6AS MROWTOGRAPH 
SAnPLIE DATA SHEET - 

- DATE: LOCAT IOW: TIE: 

OIROIUTOGRAPH IC fXltQ1 TXOK : 

COLU" 1: COLW TYPE: 

COLU" 2: COLUMN TIP€: 

In]. NO. IW. va. COLUMN 110. SrnING LOCAT I ON 

SITE PLAW (indlcrte salnpllng lartlom): 

DATE SIGNATURE 

0001524  
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TABLE B - 4  

SYSTEM PERFORMANCE CRITERIA FOR PORTABLE GCa 

Crl tt rl a 
Test Accep t ab le sugge 5 ted 

Capound Range Corrcctfve Actlon 

P I D  Response Trichloroethylene L 108 uV-stc/ng Retune or replace 
larap 

Elution lime Styrene b 2.65 - + 0.15 d n  Inspect for leaks, 
djutt carrlcr f l o w  

Resolutlonb BenzenelTrfchloro- 1. 1.4 
ethy le  ne 

Replace col urn 

agased on a n a l f i l s  of a vapor mixture o f  benzene, styrene, and tttchloro- 
e t  hy 1 e ne. 

bOeflnc by: R + 2d/(Wl+W2); where d = dlstancc between the peaks and 
Y = p a k  w i d t h  a t  base, 



T A B U  B-5 

ESTIWTED LIMITS OF DETECTION (LOO) FOR SRECTD vat 
~ 

Compound LOO (ng) Lm (DDb) 

C hl  or o fo  ma 2 450 
4 50 
450 

1 slsl-Trichl orocthrn@ 2 
Carbon t c t r  rchl orldc' - 2  
8tnztne .006 2 
1 *&Dl c hloroathrn ' 8 5  14 

14 
.OS 14 Tctr ach 1 oroct le  nP 

1 ,&Dibranocthanc 002 2 
p-Xy l e d  002 4 
at- Xy 1 e n& .O 2 4 

001 3 

Trlch lo  roethy lcn $b 

O-xyle 5 ty rtn Sd e o 1  3 
~~ 

Whlorofom, 1 , l  ,I-Trlchloroethrna , rnd Carbon tctrrchlorlde coclutc on 

31 s2-Dfchioroethane, Trlchlaracthylene, and Tctrachl~roeth~\cnt coclutc on 

Cp-Xylene a d  -Xylene coclutc on 0.66 m 3% SPZlOO. 
%tyrcnc a d  0-Xylene catlute on 0.66 m 3 1  SP2100. 

0.66 II 3% SPZlOO. 

0.66 m 32 SP2100, 0 
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1" 

# -  

Peak a lgnments  For Standard Mixtun 

_ _  

1 

2 

3 

4 
5 

6 

Benrene; Chlorolonn; 
1,l ,t-Trlchloroethane; 
Cabon TeIrachbrlde -. 
1,2.DIchloroethure; 
Tkhlorwthykne 
Tmachbroe thylcnc; 
1 ~.DibromoethaM 

E! hyIbenrcne 
me X Y ~ M  

p- Xylene; Stynne 

Toluenc (not Ilsld) elute twween 
p a k s  I and 2 

FIGURE B-1. TYPICAL CHROMATOGRAM OF VOCs DETERMINED 
BY A PORTABLE GC 



APPENDIX C 

INSTALLATION AND OPERATION PROCEDURES FOR 

URBAN A I R  TOXIC POLLUTANT PROGRAM SAMPLER 
u .s . E NV IRONK NTAL PROTECT ION AGENCY s 

1. Scope 

1.1 The subatnospheric sampling system described In this method has 
been modlfied and redesigned specifically for use In USEPA's Urban 
Air TOXIC P o l l u t a n t  Program (UATP), a j o l n t  project of USEPA's 
Offlce of AIr Q u a l l t y  P l a n n i n g  and Standards, the Environmental 
Wonltoring $)stems Laboratory, and the participating s ta te  alr 
pollutlon control agencies. The purpose of UATP I s  t o  provide 
rnalytical suppor t  to the states In their assessment of potential 
h e a l t h  rlsks from certaln toxic organlc canpounds t h a t  may be present 
i n  urban atmspheres. The sampler i s  described I n  the puper, 'Auto- 
matic Sampler f o r  Collection o f  24-Hour Integrated Uhole-Atr  
Samples for Organic Analysis,' t o  be presented a t  the 1988 Annual 
Ueeting of APCA, Dallas, Texas, June, 1988 (Paper No. 88-350.3). 

1.2 The saapler I s  based on the collectlon of whole air  samgles i n  
6-1itet. SUflMA. passivated stainless steel canisters. The sampler 
features electronic timer f o r  ease, accuracy and f l ex ib f l l t y  o f  
sample period programming, a n  lndependently setablc presample warn- 
u p  awl amient a i r  purge period, protection fran loss of sample 
due t o  power Interruptions, and a self-contafned conflgurrtion 
housed i n  an ail-metal portable case, as Illustrated i n  Flgure C-1. 

1.3 The desiqn of  the sampler t s  Qumpless, using an evacuated canls- 
t c r  to draw the anblent sample a i r  i n t o  Itself a t  a flxed f low 
ra te  (3-5 cm3/mln) controlled by an electronic mass flow controller. 
Because of the relr t lvely low sample flow rates necessary f o r  
the Integration perlods, auxllfrry flushing of the sample in le t  
14 ne i s  provided by a $mal 1 , gcneral-purpose vacuum pump ( n o t  I n  
contact w l t h  the sample a i r  stream). Further,  experience has 
s b w n  t h a t  in le t  l f n c t  and surfaces sornetfmes build u p  or accumu- 
la te  substantl a1 concenttations o f  organic lnaterlals under s tag-  
n a n t  (zero flow ra te )  conditlons. Therefore such lfnes and sur- 
faces need t o  be purged and qui l lbra ted t o  the sample air for  
some t l m  prlor to  t h e  beginnlng o f  the actual sample collection 
period. 
which I s  set to s t a r t  t h e  pump several hours prior t o  the. spec!- 
f i c d  s t a r t  of t h e  sample perjod t o  p u r 8  the inlet  lines and 

For t h i s  reason, the sampler includes dual timers, one Of 
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surfaces. As Illustrated i n  Flgurr c-1, sample a l r  drawn Into 
the u n l r t e t  prsscs through only four cmponents: the h e a t 4  
Inlet llne, a 2-mlcron prrtlculate f l l ter ,  the electron flow 
controller, rnb the l r k h l ~  solenold valve. 

2. Sumorry of  Method 

2 01 

2 02 

2.3 

I n  operrtlon, t1-r 1 1s set to Stat% the pump about 6 hours 
before the scheduled trrnple pcrlod. The prnp dram sunplc a i r  
f n  through the samp1c Inlet 8 d  partleulate f i l t e r  to purge rnb 
quf l lbr r te  these canponcnts, 8 t  8 flow rate 1lmltcd by the cap- 
1 1 1 ~ ~  t o  gproxlwately 100 d / a 1 n .  Timr 1 rtso energizer the 
heated Inlet llne to allow I t  to eane up to I ts  controlled temper- 
ature of 65 t o  70 degrees C, and turns on the flow controller t o  
allow I t  to stabll l tee The pump draws dditlonal sample air 
through t h e  flow controller by wry of t h e  normally open port  o f  
the  3-way solenold valve. Thls flow purges the flow controller 
and rllows I t  to rchleva L stable controlled f low a t  the rpecit!ed 
sample flow rate p r l o r  to the sample perlod. 
A t  t h e  scheduled Star t  Of the Sample perfod, tlmer 2 I s  set t o  
rctivate both solenold valves. Yhen ictivatcd# the 3-way solenold 
valve closes Its nonnally own p o f i  t o  stop the flow controller 
purge flow and opens I t s  nomrlly c’lored p o r t  to start flow through 
the aldehyde sample u r t r l d g e s .  Slmultaneously, the latchi  ng 
solenold valve opens to s t a r t  sample flou i n to  the unlster. 
A t  tk end Of the S M p h  WrfOd, tfmr 2 C ~ O S ~  the latching 
solenold valve to s t o p  the sample flow and seal the sample I n  
the unls ter  and also de-energftes t h e  pup,  flow controller, 
Sway solenaid, and heated lnlet line. Durlng op-eratlon, the 
pump and sampler w e  l o u t e d  external to the sampler. The 2.4 
meter (8 foa t )  heated Inlet  l ine i s  Installed through the autslde 
wall, wi th  aost o f  I t s  l e n g t h  outside and temlnated externally 
w l t h  an l n v e f t d  ghss funnel t o  exclude predpltatlon. The 
Indoor end I s  temlnated In 8 stalnltss steel c f a s  flttlng t o  
provldc connectlorn for the canister srmp’le a d  the two o g t l o n d  
formaldehyde cartridge samples. 

3. Sampler Instal l a t l o n  

3.1 The sampler m u s t  be operated lrdoon wlth the temperature between 
20-32.C (68 t o  90.F)e The sampler case should be )ou ted  conveniently 0 0 0 1 5 2 7  
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on a table, shelf, or other f l a t  surface. Access to a source 
o f  115 vac 1lnc power (500 wat t s  ain) I s  also rquired.  The 
pump fs rmvrd fran t h e  sampler case and located remtely 
frm the sampler (connected with a 1/4 Inch 0.0. extension 
tub ing  and a sultable clectrlcal utension cord). 

3.2 Electrical Connections (Figure C-1) 

3.2.1 The sampler cover 1s remved. The sampler 1s not plugged 
i n t o  the 115 vac power until a l l  other clectrlcal connec- 
t+ons are canplrted. 

3.2.2 The pump Is pluggcd Into  i t s  power connector ( i f  n o t  al- 
ready connected) and the battery connectors arc snapped 
onto the battery packs on the coven of b o t h  timen. 

3.2.3 The sampler power p l u g  Is  Inserted I n t o  a 115 volts 
ac 1Ine grounded receptacle. The sampler must be ground- 
ed fo r  operator safety. The electrical wires are routed. 
ard tled so they remain out of  the way. 

3.3 Pneumatic Connections 

3.3.1 The length o f  1/16 inch  O.D. stainless steel t u b i n g  I s  
connected fran por t  A.of the sampler (an the r i g h t  side 
o f  t h e  f l o w  controller module) to the a l r  Inlet l i n e .  

3 . 3 2  The pump i s  connected t o  the sampler w i t h  1 / 4  inch 0.0. 
plastic tubing. T h i s  t u b f n g  may be up tc ? metars (20 
f e e t )  long. A short l e k t h  o f  tubing i s  Installed t o  
reduce pump noise. A l l  t u b i n g  i s  conveniently routed 
a d ,  if necessary, t ied i n  place. 

4. Sampler Preparation 

4.1 Canlstcr 

4.1.1 The sample canister Is hstallcd no more t han  2 days before 
t h e  scheduled sampling day. 

4.1.2 With t l m r  I1 ON, the flow controller 1s 8’l’lowed t o  wIm up 
for  a t  least 15 minutes, longer I f  posslble. 
An evacuated canlster i s  connected t o  one of the short lengths 
of  l / 8  inch 0.0. stainless steel t ub lng  fran p o r t  B (solenoid 
valve) of  the sampler. The canister valve I s  l e f t  closed. 
The Swrgelok f i t t i n g  on the canister must not be cross- 
threaded. 

4.1.3 

The connection Is tightened snugly w i t h  a wrench, 
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4.1.4 

4.1.5 

4.1.6 

4 .1.7 
- 

4 .1.8 

4.1.9 

The end of the other length of stainless steel t u b l q  fran 
port 8 (solenold valve) Is connected w i t h  r Swagelok p lug ,  
If duplfcate u n l t t e q  are to k sampled, the p lug  Is re- 
moved from t h e  second 1/8 Inch 0.0. stainless steel t u b -  
Ing fran port B (solenold valve) and the second canister 
Is connected. The canlster valve Is l e f t  closed. 
The ON button of tlarcr H 1s pressed. The f l o w  through 
the f low controller should be stopped by thlr actlon. 
The flow controller switch I t  turned t o  'READ' and the 
zero flow r e d l n g  I t  obtalned. I f  t h l s  r c d l n g  i s  no t  
stable, watt untI1 the reading I s  s t a b l l i z d .  
The f l o w  controller swltch 1s turned t o  'SET' and the 
flow settlng Is adjusted t o  the rlgebrrlc S U M  o f  the 
mst recent entry on Table C-1 and the zero reading 
obtained I n  step 4.1.7 (If the zero rcadlng Is n e g a t l v t ,  
Sl!nRAm the zero readlng frm the Table C-1 value). 6e 
sure t a  use the correct Table C-1 flow value for cnc o r  
two canisters, as approprfate. [Note: I f  the analytlcat 
laboratory deternines t h a t  the canlster sample pressure I s  
t oo  low or too h f g h ,  a new flow scttlng or  settings will 
k Issued for the sampitr. The neH flow sc t t lng  should 
be recorded In Table C-1 and used u n t l l  supnedcd by 
new settf ngs.] 
tlmr # 2  1 s  turned OFF to rga ln  start  the f low through the 
flow controller. U l t h  the pump (tlanr 41) ON and t h e  
sampling valve ( t lmr  12) OFF, the flow controller Is turned 
t o  'READ' and the flow Is vtrlfled to be the tame IS the 
flow settlng made In step 4.1.8. If n o t ,  the flow se t t lng  
Is rechecked In step 4.1.8 and the flow settlng i s  readjusted 
I f  necessary. 

4.1.10 The OFF b u t t o n  of t l m r  #I i s  pressed t o  stop the pump. 
4.1.11 The canlster valve($) are f u l l y  opened. 

4.2 Tlmn 

4.2.1 Timer 12 Is set to turn ON a t  the scheduled ON tine f o r  the 
sample period, and OFF r t  the scheduled OFF tlme. (See 
the subsequent sectlon on scttlng the tlmrs.) 
Warma1 ON tlmc: 
Noma1 OFF tine: 

0 0 0 1 5 2 8  12:OO - AH on the scheduled sampllng day. 
1 1 5 9  PJ on the scheduled sampling day. 
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(The OFF time Is 11:59 PI4 Instead of 12:OO Pn so t h a t  the 
day number for the (IFF time Is the same as the  day number 
for the ON tlne.) Be suie t o  s e t  the correct day nuher.  

4.2.2 Timer I1 IS s e t  t o  turn OM s i x  (6 )  hours before t h e  beginning 
of  the scheduled sample period and OFF a t  the scheduled OFF 
tlme for the sample period (same OFF time as for  timer 1 2 ) .  
(See the subsequent sectlon on sett ing the  timers.) Nonnrl ON 
tlme: 06:OO PI4 on the day prior t o  the scheduled sampling 
day. Normal OFF tlmc: ll:S9 PI4 on the scheduled sampling 
day. 
be on whenever e i ther  tlmr Is on. Thus the pump will 
run i f  tlmer 1 2  Is ON even if timer 11 is  OFF.] 

4.2.3 The elapsed t ine meter Is se t  to 0. 

[Mute: The tlmers a re  wired so t h a t  t he  pump will 

4.3 Sampler Check 

4.3.1 The fol lodng must  be v e r i f l d  befcre leaving the  
sampling sl tc:  

(1) Canlster(s) i s  (are) connected properly and the 
unused connection Is capped i f  only one canister i s  
used . 

( 2 )  canister v a l v e ( $ )  i s  (are)  opened. 
( 3 )  Botn timers are programmed correctly f o r  the sche- 

duled sam?le period. 
( 4 )  Both timers are set  t o  ‘AlfTO’. 
( 5 )  B o t h  tinre- are i n l t l a l l y  OFF. 
( 6 )  B o t h  timers are s e t  t o  the correct current tlme of 

day and day nufber. 
( 7 )  Elasped time meter i s  s e t  t o  0. 

4.4 Sampler Recovery (Post Samp’lfng) 

4.4.1 The valve on the canfster i s  closed. 
4.4.2 The canister I t d i  sconnccted from the sampler, t h e  

sample d a t a  sheet Is cmpleted, and the a n l s t c r  i s  
prepared for shipment  t o  the analytical laboratory. 

4.4.3 I f  two can l s t en  were sampled, s tep 2.4.2 i s  repeated 
for the other canister. 

5. Timer Setting 

Since the timrs are 7-day tlmen, the days  
from 1 t o  7. The asslgnmnt of  dsy numbecr 

of the week a r e  nurrberwl 
to drys of t h e  week is 



4 - YedneSday, 5 ThurSd8y, 6 Frfday, and 7 frtUrd8y. Thls pro- 
graming 1s qul te  slaple, but some ttnrn may u l f r n c t l o n  or  operate 

errrticrlly i f  not progMIlacd e x i c t l y  rtght. l o  assure correct 
operation, the ti#K s h l d  be nset  a d  cap le te l y  feprOgr111#d 

'frm scratch' for each sample. The correct current t l r v  o f  day Is 
re- entera l  t o  reprogram the tirr. Any program I n  the timr's 
rmmory Is erased by reset t lng the tlmr (pressing the rese t  button), 

The timr Is set by the following: 

(1) pressing the reset button, 
2) enter ing the correct  dry n u d e r  a d  tlrr of day, I 3)  entering the ON and OFF tlmes for  the sample pertod, and 

(4)  ver i fy ing tha t  the ON and OFF tlnr settfngs are correct. 

5.1 Timer Reset 

The timer reset  button 1s pressed, rrhlch 1s rccersed i n  a small 
hole located j us t  above the LED (11ght en l t t lng  blode) Indicator 
l lgh t .  A snult object t h r t  uf l l  tlt through the hole, such as a 
pencil, match, o r  pen I t  used t o  press the timer. A f t e r  reset ,  
the t?mr display should show (11 110:001. [Note: The t lmm 
may operate t r t a t f c a l l y  when the batttttes are  dlschrrged, which 
happens when the sampler Is unpluggcd o r  r l t h o u t  power for 
several hours. Men the sampler i s  rgaln powered up, several 
hours may be rqulred t o  recharge the batteries, To avoid d is-  
charging the batteries, the battery pack should be disconnected 
fran the timer when the sampler I s  unpluggcd.] 

5.2 Da te  and Time Entry 

The selector switch Is turned t o  SET and the mnber button corres- 
ponding t o  the day number I s  pressed. (For exampleI 8 '2' 1s pres- 
sed f o r  hrday . )  The current tfm of day Is entered. (For u a m p l e ,  
i f  the t l m c  Is 9:OO An, 900 i s  pressed.) AH or PH 1s pressed IS 
applicable. 

[Mate: ' indicates AH and indicates PM.]. The CLOCK button IS 
pressed. (Dlsplay should show 1 -1  l--:-l) I f  an error 4s M d e ,  
1E1 \EE:EE( Is shown on the dtsplry.  The Q€AR button i s  prtssed 
and the above steps are repeated. 
t o  AUTO or WN to ve r l f y  correct t l r - s c t t l n g .  

(Dlsplry should show 121 1'9:00[ f o r  9:OO U4 Noday.) 

0 The selector switc! !  l s  turned 

0003529 
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5.3 ON and OFF Entry  

The se lec tor  n r l t c h  1s turned t o  SET. The ON and OFF program I s  
entered I n  t he  f o l l o d n g  o r d k  day, number, tlw, AN o r  PH, ON 
or  OFF, 
5, 1200, An, ON Is entered). (Example: To turn OFF a t  11:59 PH 
on day 5 (Thursday), 5,  11:59, PH, OFF I s  entered.) I f  the  dls- 

play  Ind icates  an error (!E1 IEE:EEI), t he  tlmer I s  reset. The 
se lec tor  = I t ch  I s  turned t o  AUTO. 

(Example: To turn ON a t  12:OO m on day 5 (lhursby); 

5.4 ON rnd OFF V e r i f l c a t l o n  

5.4.1 The selector  tw l t ch  I s  turned t o  REYIEY.  The r u d e r  o f  
t h e  scheduled sample day Is pressed. ON 1s pressed. The , 
d isp lay  should show t h e  ti= of the beglnnlng of the 
sample per lod  ( f o r  example, 151 1'12:001). [' indicates 
AH.] ON 1s pressed again. The display should show 151 
!--:--I, f nd lca t ing  no uther ON t imes are programed, 

5.4.2 f f F  I s  pressed. The dfSFlar should show the t h e  of  the end 
of the sample period, ( f o r  example, 151 1, 11:591). PH 
i s  I nd ica ted  by t h e  9 , .  mark before the time. OFF I s  pres- 
sed again. The dfsplay should show 1st I--:--l ,  I n d i c i t l n g  
no other OFF t i m e s  a re  progtbzzed. ?he selector  I s  sdtched 
t o  A U O .  I f  rnythlng 1 s  Incorrect ,  the t lmr I s  reset and 

reprogtamned. 

TABLE C-1 

NET FLOY COhTROLLER SETTING 

- DATE 1 CANISTER 2 C A N I S T E R S  
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APPENDIX L 

GENERAL AIR SAMPLUG LOCATION GUIDBLINES 

(SOURCE: E & B 1988) 

L-1 
[Bold items enclosed in brackets denote changes from origipsl tp,tt] 
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wind Oirectlon 

* 

Site Perimeter 

.... ,...... 

4 0  
. . . . . . . 

** 

4 Air Sampler 

0 Meteorological Measurements 

0 PM-IO Air Sampler (Inorganic) 

BASIC STUOY DESffiN FOR AIR SAMPLING 
AT A HAZAROOUS WASTE SITE 

e 
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DISTANCE FROM THE SOURCE 

2-4M - 

TSP SSI ( Rosplr~elo) 

COUOCATED SAMPLERSlSAMPLER HElGHT + ALIGNMENT 

DISTANCE FROM ROAOWAY AND 
OBSTRUCTION SAMPLER HEIGHT 

FIELD INVESTIGAnONS OF UNCONTROLLED 
HAZAROOUS WASTE SITES 
TASK REPORT TO THE E.P. A .  

T I T L E :  

SITING CRITERIA FOR 
HI-VOL AIR SAMPLERS 

t 0 .0 .  

DENVER. COLORADO 



APPENDIX n 

HI-VOL CALIBRATION 
(SOURCE: E & E 1988) 

M- 1 
[Bold items enclosed in brackets denote changes from originki .text) 



XI VOL CALIBRATION STEPS 

1. 

2 .  

3 .  

4. 

5. 

6 .  

Install variable resistance calibration unit on sampler head. 

Connect manometer to orifice negative pressure tap on calibration 
unit and zero. 

Bypass flow controller during calibration by plugging motor 
directly into power source. The sampler should come on. 

Turn the resistance knob on the orifice unit wide open and wait 
approximately five minutes for the sampler to warm up and for the 
motor brushes to seat. 

Connect second manometer to the positive pressure tap on the 
motor housing. This is the same tap connected to the flow 
recorder chart. 

The negative pressure values for the manometer attached to the 
hi-vol calibrator are prepared by EPA-ESD. EPA-ESD provides a 
calibrator chart which compares pressure to flow rate in cubic 
meters per minute (cmm) for flow rates of: 

CFM cncl CFM = cubic feet per minute 
30 0.852 
35 0.990 CHH = cubic meters per minute 
40 1.133 
45 1.274 

50 1.426 

Calculate the corresponding negative pressure manometer readings 
(AB) for the flow rates listed above, from the calibration sheet 
for the calibrator. (Located in the calibrator case.) This is 
accomplished by reading 68 directly from the calibration sheet. 
Or if necessary, by calculating a regression line from the AH and 
QR (flow rate) values listed on the calibration sheet and 
plugging the above flow rates into the line equation. 



7. Record the above CFH and CMII values on t o  the HI VOL SAHPLER 
CALIBRATION DATA SHEET in the respective column under ''OR Flow 
Rate". Also record the AH values calculated in t h e  previous step 
in the "To tal" column under "AH ( negative ) " . 

8. Turn the resistance knob on the calibration unit until the 
negative pressure manometer reads the AH value calculated for 50 
CFH. Record the left and right negative pressure kometer 
readings. Note. the manometer values are recorded by adding both 

up and dovn deflections together.- 

9 .  Record the right and 1ef.t positive pressure manometer readings on 
the calibration sheet in the column under "4P (positive 
pressure) ". 

10. Repeat steps 8 and 9 for flov rates 45, 40, 35 and 30 CFn. 

11. Recheck two of the calibration points. 

12. Calculate a linear regression line for the sampler vith x being 
the square root of AP anday being QR in c". Record the slope, 
intercept and correlation coefficient. 

0001535 



HI VOL SAMPLER CALIBRATION DATA SHEET 

1 

Number t 

D A T E  

PROJECT: ' 

CALIBRATION ORIFICE UNIT XO. 

SAMPLER NO. DATE 

CALIBRATED BY: 

Qr I a&F? b 

I Flow Rate+ I I** T o t a l l m ;  CrmD cfm 1 

I , in, Water I 
, raft I 

Right I Total 

I I I I I 

Qr = 

0 .  

CORRELATION COEFFICIENT (20.99) 
OF r = 

I I I I 4, - 

I I 1 3 

1 '  

R u n  l A B  ( n e g a t i v e )  j aP ( x )  Or (Y) 
; Manometer (pressure) , ( p o s i t i v e  pressure) 

I- I 

! s  I 1 

I 1  I I  7 1  I !  I 

DIP-1 t - I  t-I I I 
t-I I 1  
I- 

DUP-2 t+ 
m 



DAILY PRE- AND POST-SAHPLING STEPS 
FOR THE HI VOL SAHPLER 

PRE-SAMPLING STEPS 

1. Adjust QR to ambient conditions and record on the filter data 
sheet : 

3"' OR = Q x PA x 298 K 
[G 760 mm Hg 

Where Q = 40 cfn = 1.133 cmm for respirable PH-10 sample 
Q = 30 cfn = 0.852.cm for TSP sample 
Q = 20 cfn = 0.566 cam for PUP sample 

Note, at higher altitudes the adjusted QR vi11 be lover than 
Q s d .  
b ,  

2. Calculate CP,from the regression line of the sampler (calculated 
during calibration) for the appropriate flow rate: 

Vhcre a = slope 
b = intercept 

This LP reflects daily changes in temperature and pressure. 
Note, i t  is critical to have a flow rate of exactly 40 CFH actual 
vhen an PH-10 (SSI) head is being used to insure a 10 um mass 
median aerodynamic diameter ( H W )  cutpoint. 

3. Remove the filter cover and prop open the top of the hi-vol. 
Reconnect the flow controller to the pover source. 
sampler pover svitch is in the "off" position. 

Hake sure the 
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4 .  ' Jearing c o t t o n  g l o v e s ,  v e t  a chemwipe w i t h  d i s t i l l e d  water and 0 
beg inn ing  w i t h  t h e  f i l t e r  h o l d e r  and c o v e r ,  v i p e  down t h e  

s u r f a c e .  Cont inue t o  wipe down t h e  i n s i d e  of  t h e  h i- v o i  around 

t h e  f i l t e r  h o l d e r  and t h e  i n s i d e  o f  t h e  lid. Clean  t h e  area 

thoroughly.  Once t h e  f i l t e r  h o l d e r  is c l e a n e d ,  do no t  place i t  

i n  c o n t a c t  w i t h  t h e  ground o r  o t h e r  d i r t y  s u r f a c e s .  

p a r t i c u l a r  a t tent ion to  t h e  rubber  g a s k e t  which touches  t h e  

f i l t e r  s u r f  ace. 

Pay 

5 .  Next, d r y  t h e  area u s i n g  a c l e a n  chemwipe f o l l o w i n g  t h e  same 

o r d e r .  

6. Wearing a c l e a n  pair of g l o v e s ,  remove a c l e a n  f i l t e r  from t h e  
f i l t e r  box and place i t  on t h e  f i l t e r  s c r e e n .  Be s u r e  n o t  t o  

touch a n y t h i n g  w i t h  t h e s e  g l o v e s  except t h e  f i l t e r .  

7. Record t h e  start  time on t h e  e l a p s e d  t imer .  Turn on t h e . h i - v o 1  
and t h e  s u c t i o n  w i l l  seat t h e  f i l t e r .  Rep lace  t h e  f i l t e r  cover  
and t i g h t e n  t h e  wing n u t s  so t h e  r u b b e r  g a s k e t  makes a 
a i r - t i g h t  seal a g a i n s t  t h e  f i l t e r .  Allow t h e  sample r  to warm u p  

f o r  f i v e  minutes .  

0 

8. Close  and padlock t h e  s h e l t e r  top.  

9. Attach a manometer t o  t h e  p o s i t i v e  p r e s s u r e  t a p  on t h e  nfotor 
housing.  Adjus t  t h e  f low c o n t r o l l e r  t o  t h e  c o r r e c t  AP v a l u e  t o  
g i v e  the a p p r o p r i a t e  f low rate (40, 30 o r  20 cfm). 

10. Allow t h e  sample r  t o  run f o r  one minute  t o  e n s u r e  a s t a b l e  f low 
rate and recheck  t h e  manometer read ing .  

11. Turn t h e  sample r  o f f .  Set t h e  timer t o  t h e  c o r r e c t  time and set 

t h e  start  and s t o p  times w i t h  t h e  c o r r e c t  metal s t o p s .  

12. Put  a nev flow r e c o r d e r  c h a r t  i n  t h e  f low r e c o r d e r  and set t o  t h e  
0 



correct time. Zero the pen. Record rime set, date, saaple 
number and initials on the flow chart. Reconnect the flow 
recorder chart to the positive pressure outlet. The flov recorder 
is used to determine any change in flov rate during the sampling 
period and should not be used to determine the actual flow rate. 
The values on the flov chart ate not important, but the relative 
change is. 

13. Remove the manometer and seal all doors and lids on the shelter 
with custody seals. 

POST-SAnPLXNG STEPS 

1. Folloving sample collection, restart the sampler and allov i t  to . 
run for five minutes.to stabilize the flov rate. 
manometer to the positive pressure tap on the motor housing and 

Attach 

determine'the final bp. 

and final set-points. 
Calculate the average AP from initial 

2. T u n  off the sampler and record the elapsed timer value. 
Calculate the total time sampled. 

3. Remove the flov recorder chart. Note any irregularities in the 
flov rate. 

4. Unlock and open the shelter top and loosen the filter holder. 
Note the integrity of the custody seals. 

5. Vearing clean cotton gloves, remove the filter and fold i t  
length-vise so the particulate surfaces are touching. Be sure 
the gloves touch nothing but the filter. Do not introduce any 
extraneous contamination or particulate matter to the filter and 
be careful not to loosen any sample. 

6. Fold the completed sample data sheet length-vise and place i t  



around t h e  f i l t e r .  Seal f i l t e r  and data sheet in an envelope, 
vhich has been labeled, dated and i n i t i a l e d .  

•• 
'Jhich 

• 
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FIEID INVESTSATIONS OF UNCONTROLLED 

HAZARDOUS WASTE SITES 
TW TO me E.P. A .  

Proiect Smoier # Date: 

QR - a $ZF=b - 
3R - 1 !33 cmm ) IL’’7A - i ”C -273  

Initial Set Point r P .  

Port Calrbration Set Point AP 

femratwo average ioQ 

B.P. average ( mm 1 

OR . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Filtorl . . . . . . . . . . . . . . . . . . . . . . .  

S Y n p b #  . . . . . . . . . . . . . . . . . . . . . . . .  

aopSOd Timer O n .  . . . . . . . . . . . . . . . . . .  

Uwred Timer O f f . .  . . . . . . . . . . . . . . . . .  

Uock Timer On . . . . . . . . . . . . . . . . . . . .  

Clock Timor Off . . . . . . . . . . . .  . e . .  . . . . .  

TotU S m p r  Time.. . . . . . . . . . . . . . . . . .  

Pictwo # . . . . . . . . . . . . . . . . . . . . . . .  

Chain of Custody. . . . . . . . . . . . . . . .  

Synpier was Deconed . . . . . . . . . . . . . . . .  

b f t  
GammtKn 

Pn-Wbrate w l  filter 

Pott Calibrate W I  filtor 

Right 

AMBIENT AIR SAMPLING SOP 

FILTER FOLDER DOCUMENT 

T.0.D. FOE-8710-09 

& environment, inc. 
DENVER. COLORAOO 



HI-VOL AIR SAMPLING 
CHECK LIST 

PROBLEH 

1) Hi-Val doesn't turn on 

ITEHS TO CHECK 

A) Check that 790 have power from 
generator or other source 

B) Check that all plugs are in 
correct sequence 

C) Timer turned on 
D) Fuse in timer 
E) Fuse in flow controller 

'2) Hi-Vol has power but controller SEE #B, #E 
doesn' t vork F) Probe wire plugged into 

controller 

3) Hi-Vol turns on, motor doesn't SEE #B 
G) Check brushes and vires inside 

motor housing, defective motor. 

4) Elapsed timer doesn't work SEE #B 
€I) Timer defective 

5) Hi-Vol won't calibrate 

6) Timer won't turn on 

7) Timer won't turn off 

8) Flow recorder not working 

I) Probe not positioned properly 
J) 

K) Defective flow controller 
L) 
H) Hissing probe gasket 

Loose or missing flange housing 
gasket 

Broken motor housing - leaks 

SEE #A, #B, #C 
N) Wrong or missing timer trips 

0) Wrong or missing timer trips 

SEE #A, #B 
P) Tubing cracked or broken 
Q) Pen ink dried or pen not  

touching chart 

9) Poor seal around filter R) Gasket too hard or compressed 
too much 

10) Generator doesn't run S) .No gas 
T) Low oil 
U) Bad spark plug 
V) Clogged air filter 
W) Stuck choke 

11) Generator doesn't put out power Return for repairs 

l a 
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BLOWER/MOTOR REPLACEMENT PARTS 
GMWL-2000 H 
hn ne. 

MOOH 

-1-H 
2W2-H 
ZW3-H 
115750 

2 15278 
2WS-H 
2006H 
MO7-H 
201044 
201 1-H 
Z015-H 
20164 

'8-1 

BlomrlMotor A m # v  Comohn 
less filter holder 
N l 0 p . r ~  Gasket 
Mounnng Plm Motor cover 
N8oaene Gasket 
0.6 H.P. Motor 
Motor 8rurh.r - Two Per Set 
Armmure with bumngr 
Motor Cwhton 
Motor Momnng Ring 

RECORDER REPLACEMENT PARTS 

GMW-105 C4rnpbte recordw unit with 
1oochwoandartridg.p.cr 
poim 

GMW-106 Qura far R a a w d r  (CFM) 
GMW-107 Rlcord.rInk 
GMW-108 R-Char~Motor 

GMW-110 'V" Pen Poim 
CllW.. 60Hr .  1Ph) 

GMW-113 OoorGad~t 
WW-115 Hor, Fining 
GMW-120 Pen Ann for 'Ye* pa, 
GMW-123 BrdrGa8k.I 
GUW-124 PIIl Arm LiW 
GMW-126 CuCnmpIlrArm 
GMW-127 CMidQI  Poim 

14 0001 539 



MOTOR BRUSH SEATING PROCEDURE 
3n reassomoiv ana handling, tne lead wires must be keot awav from rotating parrs an0 motor rrame. 

To acnieve best wnormanee. rne new oruvles should be seated on rne commutator Delore tull volraae 
s aoomct. 

4her orum cnanqo aoorv aooroximaterv 50% vortaqe tor rniny minutes ro accomolish rnir  seatina. 
The motor will return to full pertormince after rnirry to iorty.tive minuter running ar tuii voiraoe 

dse or m e  Modat GMW - 900 Voltaqe variaror Provides rhe reduce0 voirage neeaea for orusn searin?. 

I f  r m c a  voltage is unavatlable. connee! two motors of similar rating in serm for rhirw minures 10 accomoiisn 
tne tuum searing. 

MODEL GMWL-2000 H 
1. 

2 

3. 

4.  

5. 

6. 

7 

a. 
WARN I NG 

r 

R I l n o n  tho mounting pram motor cover toan F$ 2002 - HI by removing rne four nex-head bolts. This 
wll expose the motor. 

RdOasa tho Donrn cord bv turning the cao of the Poww cord connector I f Jan  FZ2010-H) counter. 
ctodrwlr 

Curfully let the motor slide from rne housing exoosing brumes. 

ilemow the brush holder clam0 and release rne exoanacd brush. 

Regirtor new brush ana reoiaa mush holder c i m p  ano secure ro motor witn rhe screws 

Asemode motor atter orush reohcement oy fJlacing rne hourinq over ana down on me motor. Deing werul 
not to Oinch any motor wires m u s t h  the motor Mounrinq Ring (part P 2006-HI 

Rentace the mounting prate motor cover. 

Gmrlv pull the power cord back out o i  samoier hous(ng and secure ir wirk the ConneCfOr CJO. - THE BRUSHES SHOULD BE CHANGED BEFORE 

W E  BRUSH SHUNT TOUCHES THE COMMUTATOR. 

SPECIAL NOTE: Whon ordering GMW Rcplacemunt Motor &ultra. compare brush coniigurrtion caretullvi 

8.1 Brush !Sen usee on 1 15750 moton furnished after January 1978 - 

E1 
! I  

8-3 Brush Sets used on 115250 motors turnishee prior ro Januarv 1978 only. 

Motor 8rurh “U” cfio connecrors usee wirh 8.3 bruin sets only. 

- 

0 
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FEATURES 

CONSTANT FLOW SAMPLING 
FROM 2-20 LPM 

0 TELESCOPIC SAMPUNG MAST 
FOR "RESPIRATION ZONE' 
SAMPUNG 

INTEGRAL FLOW CONTROLLER 
(PAT. PEN0.I : 5?/0 ACCURACY 

BUILT-IN HOSE COIL FOR 
INSTANT SET UP 

FLOW AND LOA0 PRESSURE 
INDICATORS - 
INTEGRAL PANEL MOUNTING. 

COMPACT 8 PORTABLE - 
ALL NECESSARY SAMPLING 
APPARATUS IS STORED IN THE 
AIRCON 520 AC SAMPLER. 

COMPLETE LINE OF 
HIGH FLOW ACCESSORIES 



Primary Flow Calibrator 

3 Interchangeable Fiow Cells 

Twist On/Off call Mounting Design 

The New Gdibrator System from Gilian is an easy to us0 Pnmary Standard for 
the calibranon of Air Sampling equipment This uniqQe system features 3 
Interchangeable flow cells that incorporate twwst-on/off mountlng and a mtcro- 
processor control unit with the ability to provide hard copy from a pnntermodule. 

Indwidual How cells provide consistent pulsabon free bubbles and me built- 
in infrared sensors actlvate instantaneously to indicate me flow readouts on me 
Control Units LCD display. The 3 Flow Cell ranges avalable are. High 92-30 LPM) 
Standard (2Occ-6 LPM) and Low 11 -250cc/min.). 

The Control Unit also offers useful micro-processor funcbons that include 
Auto-Averaging of multtple flow readings and a Flow Delete funcbon mat will 
subtract false readings from the average and reset back to me previous value. 



e .  

[Bold items enclosed 

APPENDIX N 

SSI (pn-io) INSTALLATION 
(SOURCE: E & E 1988) 

in 

~ 

N- 1 
brackets denote changes from original text] 



PM-10 INSTALLATION STEPS 

1. Remove hi-vol standard lid. 

2. Disconnect motor from the sampling filter screen and the flow 
controller from the hi-vol sampler. Reaove filter screen and 
flw controller. 

3 .  Attach PM-10 Size Selective Inlet (SSI) to hi-vol. 

4. Open the hinged section on the PM-10 head and remove the metal 
plate that captures particles of the wrong size. 
and water. 

Clean with soap 

5. Spray the clean, d r y  plate with silicon. The silicon produces a 
sticky surface t o  which particulates of the incorrect size will 
adhere and ensures collection of particulates less than 10 urn 
"AD on the filter. 

6 .  Insert metal plate into the PM-10 head, close clips and seal vith 
a custody seal. 

7. O p e n  PM-10 head to access filter and insert filter screen and 
reconnect flov controller and motor housing. 

8. Begin Pre-Sampling Steps. 
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RESPIRABLE SAMPLE 

ecology & enwronrnent, inc. 
DENVER. COLORAOO 

3nitiai Set Point L? 

%st Calibration Set  Point LP 

FIG. 
3.13 

Temoerature averaae I 'C: 

3.P. average tin wateri 

Q R .  . . . .  . . .  

Filter* . . . . .  

Smoler . . . . . . . .  

Eiaosea Timer On . . . . .  

Elaurea Timer O f f .  . . . . .  

Crock Timer On . . . . . . .  

Clock Timer Off . . . . . . .  

Total Samoie Time. . . . .  

Picture# . . . . . . . . . .  

Chain of Custoav. . . . . .  

Samoier was Oeconea . . . . .  

Calibration 

Re-Calibrate W I  filter 

Post Calibrate W I  filter 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

Left Flight 

FIELD INVESllGAflONS OF UNCOMROLLED 
HAZARDOUS WASTE SITES 
T U I  RWORTTO T M l  I .C .A .  



MODEL GMW-1200 
PM-10 Size Selective Inlet 
retrofits on existing hi wls: 
Inlet opens for routine 
maintenance / cleaning 

PARTKwutE MATTER 10 MICRON (PM-10): 
On March 20,1984 B A  pfqmsed revisions to the 
Natimal Amhient Air Quality Sandads tor Partiarlate 
Matter. €PA poposedthatthe primary sbndard indude 
o n l y ~ p a r t i c l ~ v n t h ~ a c # o d y n a r m c  ' diameter 
smaller than or equal to a nominal 10 mkmmt ers. 
This new standard is ref& to as the "PM-10" 
stancwd (punculate matter-1 0 micrometers). 
In cocljwldKwl withthenews&ndard.EPAhas 
developedperformancespeaficatiorrsforinstnrments 
which will beakwed to measure compliance with the 
PM-10 standard. Mamrfacturan of candidate instnr- 
ment8murtsupply EPA withdetaiiedwind tunnel per- 
ftxmamedataandapplyforapprmdaseithera 
REFERENCE METHOD or M U I V A L E M  METHOD. 
Only-instnmsntswithofficialBAapprovalcanbeused 
for c o m p l i i e  monitoring. To insure that the instrwnent 
now pwchssed is usable for PM-10 compliance monit- 
oring. General Metal Works GUARANTEES to obtain 
€PA REFERENCE MIEIHOD approval for the Series 
Accu-Vol le-1 0 Size selecrive Hi-Vds and the Model 
GMW-1200 10 Micron Sampling Inlet 

INSTRUMENT OESCRWTlON 
Ttm GMW1200 Size selechive Inlet (SI) attaches to 
General Metals and other high volume air samplers 
and sepamtm partidm smalkthan 10 microns from 
the larger particles. Only the PM-10 partictes w 

&inch x 10-inch hi-vd filter. 
The GMW-1200 Inlet mts or exceeds all of the 
pIoposed PM-10 pmformance specrfications and 
includes a remoMble greased collection plate to 
prevent large -de pass-through at sites with high 
concematms of coarse particles. The Inlet allows for 
fast, efficient clearing during prescribed maintenance 
penods by simply unlatching and lifting the upper 
chamber. The greased/oiled aluminum collection plate 
is removed and cleaned. or merdy replaced by a spare 
cubmion plate transported from thelab and greased in 
the w. 
The GMW SI was dedoped by Professor A.A. 
McFarland of Texas A 8 M University and meets EPA's 
propo&ed Federal Rdsreclce Method Standards for 
sampkng PM-10 puticles. The SI easily attaches to 
the GMWL-2000 Basic High Volume Air Sampler. 
The hi-vd gabled roof is removed, the SI is mounted 
on hinges. and four draw latches are tightened to seal 
the Inlet to the hi-vol shelter. 
GMWs Accu-Vol IP-10 PM-10 Size Selective High 
Volume Sampling System is the ideal total system for 

the GMW-1 200 mounted on the basc hi-vol sampl %c accurate sampling d PM-10 particles. It consists 

and includes the GMW-312 Combined flow Controller/ 
Oignal Timer-Progammer. the GMW-105 Pressure 
Transducer Fiow Ascorder, and the GMW-3000 Filter 
Cartridge. 
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SSI FEATURES: 

I 4 

I 
- FLOW 

- - 

Meets or exceeds all of EPA's proposed PM-10 
Derformance soecifications 

Hinged sampling chamber for easy cleaning/greasing 
of collection plate 

Removable collection plate prevents large particle 
bounce at high concsntration sites 

Improved sealing system and mounting plate 

. . . . . . . . . . . . . .  - ......................... zvf, S C l L  : ' .  . ................ -.-...-.- ...... . . . . . . . .  -.I.- 

PRINCIPLE OF OPERATION 
Suspended particles in the air are sampled at 40 CFM 
through the circumferential inlet of the Size Selective 
Inlet. The symmetrical design insures wind-direction 
insensitivity, and the inlet design and internal configu- 
ration makes the COlleCtiOn efficiency independent of 
wind speed from 0 to 24 kilometers per hour. The 
particles are then accelerated through multiple circular 
impactor nozzles. By virtue of their larger momentum, 
particles greater than the 10 micron impactor cut-point 
impact onto the greased impaction surface. The PM - 1 0 
particles smaller than 10 microns are carried vertically 
upward by the air flow and down multiple vent tubes 
to the 8-inch x 10-inch hi-vol filter, where they 
are collected. The large particles settle out in the 
impaction chamber on the collection plate and are 
removed/cleaned during prescribed maintenance 
periods. 
The hi-vol filter is weighed before and after sampling. 
The weight increase is the mass of particles smaller 
than 10 microns. The mass concentration of PM-10 

ividing the particulate mass (micrograms) by the 
pled air volume (cubic meters). The air volume is 

(micrograms per cubic meter) is determined 

properly totalized by maintaining a constant flow rate of 
40 CFM with the Series 31 0 Flow Controllers. 

SPECIFICATIONS (ACClJ-VOL IP-10): 
lnkt Coildon Eni- SSI has cut-point 
within 10 f 0.5 microns over a wind speed of 2 to 24 KPH; 
meets EPA's proposed PM-10 federal Reference 
Method 
Row Rate: 40 cubic feet per minute (CFM), 68 cubic 
meters per hour (CMH) 
Flltor Media 8-in. x 1 0-in. (20 cm x 25 cm) quartz fiber 
filter media 
Vacuum Supply: axial blower with Model GMW-8-1 
carbon brushes 
Accuracy of Row Control (@ 40 CFM): 2 2.5% over a 
filter pressure drop of 0 to 30-in. of water 
Flow Event Rocordm pressure transducer type, 24- 
hour, 4-in. diameter circular chart 
Dlgital Tlmer/Prognrnmer (Standard): all functions 
digital and quartz crystal controlled: digital clock with 
%in. LED display and 7.2 VDC rechargeable stand-by 
battery; includes first sample period delay up to 9 days: 
sample period of 1,2,3,4.6,8, 10, 12. 16,20, or 24 
hours: skipped time between sample periods of 1 to - 

9 days: i 2 minutes per week accuracy 
M.tClanW Timer (Optional): 7-day or 6-day timer; fully 
adjustable start and stop times in 15 minute intervals; 
i 30 minutes accuracy 
Elapsed lime Indicator: xxxx.xx hours 
Extotior Material= anodized aluminum, 0.080-inch thick 
PowefRoquimk 100/115VAC.50/60Hz.8Amax; 
230 VAC, 50 Hz. 4 A max 
Ow-all  Dlmenrionc 64 in H max. 28 in Dia max 
Net Weight Hi-Vol, 45 Ibs; inlet, 50 Ibs 
Shipping Weight Hi-Vol, 60 Ibs; Inlet. 65 Ibs 

. 

PRINCIPLE OF OPERATION 

MODEL 1Mo / ACCELERATION JET 

FRACTIONATION ZONE COLLECTION P U T €  

1 FI'TER 

STANOARO ni-v(x 
BLOWW 
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G M W - l m  P M - I O  HIGH VOLUME 
sELEmvEIwL0; 
attaches to aM standard hi-vds (speufy 
manuiactrrrer) 

.yyy-vocl?-10 p 1 w - l o s l z E ~ ~ v o L  
~ ~ i n c k r d s s ~ h i g h v d u m e  
air sampler with GMW-1200 Sampring Inlet GMW- 
31 2 Flow Controller/ Digital Timer, GMW-105 
Pressure Transducer Row Recorder. and GMW- 
3OOO Filter Cartndge 

ACCU-VOL IP-10-70 SAMPUN0 Same 
as above. but indudes GMW-313 Flow Controller/ 
Mechand T i  instead of GMW-312 

Mxu-voc IP-lO-aol SAllwNG SYSTEY; same 
asabave.butindudesGMW-801 Solid-SbteTimer/ 
Programmer and GMW-310 Flow Controller instead 
d GW-312  

.rur-VOLIP-lOI&000SAUPUmi same 
as above. but indudes GMWK-8000 Solid-State 
TimerlProgrammer and GMW-310 Flow Controller 
instead of GMW-312 

A free modification kit (GMW-1200-35) consisting 
of a collection plate wth mounting hardware and 
gasket and 9 acceleration nozzles is available 

the cut-point of ttmr inlet and add the greased 
cdlecbon plate feature. 

to tho= Model 321 -A O W  who wbh to low 

Modification kit GMW- 1 200-30 consists of the 
plate with momting hardware and gasket onty. 
while kit GMW-1200-34 contains only 9 acceler- 
apiOn nozzks. These 3 free modification kits allow 
user flexibility in updating older SSls to current 
standards. 

For those usen who desire the convenience of 

3MW will exchange existing Mode) 321 or 321 -A 
de& for the new GMW-1200 for an exchange 

. price of $450.00 per unit. 

t h ~  aa~y-ogenirrg Moddl 200 Sampling inlet, 

0001544 

-r’ 
.-. 

,# ---. -. , 

6-5c 



APPENDIX 0 

POLYURETHANE FOAH (PUP) SAHPLING " J X O D  

(SOURCE: E h E 1988) 

0-1 
[Bold items enclosed in brackets denote changes from original text] 



PS-1 CALIBRATION STEPS 

1. Calibration of the PVF sampler is performed without a foam slug 
or paper filter in the sampling module. 
cartridge must remain in the module to insure a good seal through 
the mod"-le. 

However the empty glass 

2. Install the GMW-40 Calibrator on top of the 4 inch filter holder. 

4. Open the ball valve fully. 

5 Turn the system on by tripping the manual swit.ch on the timer. 
Allow a few minutes for warm-up. 

6. Adjust the voltage control screw to obtain a reading of 70 inches 
on the Magnehelic Gage. 

7. With 70 inches on the dial gage as your first calibration point, 
record it and the manometer reading on the data sheet. 

8. Close the ball valve slightly to readjust the dial gage down to 
60 inches. Record this figure and manometer reading on the data 
sheet . 

9. Using the above procedure, adjust the ball valve for readings at 
50, 40, and 30 inches and record on the data sheet. 

10.. Using these two sets of readings, plot a curve on the data 
sheet. 
rate in the field. 

This curve will be used for determining the actual flow 



PS-1 CALJBRATION 

N u b a r  I 

CORB&\TION COEFFICIENT (20.991 
OF r = 

~ in. Water i I 

I Flow Rate* 
Cfr 

I IAft  I 



PS-1 PRE- AND POST-SAMPLING STEPS 

PRE-SAMPLING STEPS 

1. Disconnect the sampling module from the sampling unit and 
decontaminate the filter holder ring, nylon gaskets, sampling 
module cap, module tube and the inside of the shelter housing as 
described in step 3 in the PUF Decon and Installation steps. 

2. Wearing clean cotton gloves, load glass cartridge into module 
tube and screw in module cap. 
down. 

Place unit into sampler and lock 

3.  Install a clean 102 mm diameter filter on the support screen and 
nylon gasket and secure it with the filter holder ring and swing 
bo1 ts. 

4. Close sampler lid, record elapsed timer and turn on sampler. 
Turn ball valve wide open. 

5 . -  Allow sampler to warm-up. Record magnehelic gage and set timer. 

6. Close PS-1 and seal doors with custody seals. 

7. Calculate flow rate in CFH from gage reading and sampler 
regression line. 

POST-CALIBRATION STEPS 

. 1. Turn sampler on and allow a five minute warm-up. 

2. Record magnehelic gage and calculate average flow rate for a sampling period. 



3. Turn sampler off and record elapsed timer reading. Calculate 
sampling time. 

4. Open shelter lid and observe integrity of the custody seals. 

5 .  Vearing cotton gloves, remove 102 am round filter and PUF 
cartridge. Be sure gloves touch nothing but the filters. 

6. Cover PUP cartridge vith aluminum foil to prevent photo- 
degradation. 
of custody. 

Place filters in appropriate containers under chain 
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FIELD INVESTIGATIWS OF UNCONTROLLED 
HAZARDOUS WASTE SITES 
T A W  REPORT TO THE R.P. A ,  

T I T L E  

SCHEMATIC OF GMW MODEL PS-1 
SAMPLER COMPONENTS 



Initial Set P m i  4? 

'oft Cahbrarion Set P%nr A? 

Temoerature averaoe \ 'C! 

ecology enwmnmenp, -im. 
DENVER. COLORADO' ' 

a.P. averaae {in water] 

OR 9 

F ~ G .  
3 . f 3  

. .  Filter# . .  . . . . . . . . . .  

Smote* . . . . . . . . . . . . . . . . . . . . . .  

€hosed Timer O n .  . . . . . . . . . . . . . . . .  

O.gsea Timer O f f . .  . . . . . . . . . . . . . . . . .  

Clock Timer On . . . . . . . . . . . . . . . . . . . .  

Clock Timer O f f . .  . . . . . . . . . . . . . . . . . .  

TotU Sample Time..  . . . . . . . . . . . . . . . . .  

Pictwo# . . . . . . . . . . . . . . . . . . . . . . .  

Chain of Custoav 

Sampler was Oeconea . . . . . .  . . . .  

Left Right Calibration 

Re-Calibrate W I  filter 

Post Calibrate W I  filter 

TITLE: 

AMBIENT AIR SAMPLING SOP 

FILTER FOLDER DOCUMENT 



PUP DECOWl'AHItJATION, 

INSTALLATION AND REnOVAL STEPS 

DECON AND PUF INSTALLATION 

1. 

2. 

3. 

4. 

5. 

6. 

Follow steps 1 through 3 in the Pre-Sampling Steps. 

Disconnect the motor housing from the filter screen. Remove the 
flov controller from the filter screen (held in place by a metal 
band around the filter screen and tightened by a scrw). Be 
careful not to loose the rubber gasket betveen the metal band and 
filter holder. 

Wearing clean gloves, decon the filter holder, filter screen, 
throat extender and gaskets with liquinox and vater folloved 
1 distilled vater rinse, hexane rinse and-a final distilled water 
rinse. The inside of the shelter is viped davn vith acetone 
folloved by distilled vater. 
since it is a better solvent for semi-volatiles, hotmver acetone 
is recommended to reduce vorker exposure to hexane. All sampler 
parts that come in contact with the filters should be deconned 
using hexane as the organic solvent.) 

by 

(Hexane may be used for the shelter 

Connect a clean, d r y  throat extender to the motor housing. 
Wearing clean cotton gloves, insert clean PUF filters into the 
throat extender. Insert the PWs so that i t  is flush vith the 
top of the throat. 
gloves except the PUF filters. 

Take care not to touch anything vith the 

Reconnect the flov controller to the filter screen and attach the 
filter screen to the throat extender. Insert the motor-throat- 
screen unit into the sampler and reconnect the flov controller to 
the sampler. 

Continue vi-th step 6 in the Pre-Saaplinx Steps. 
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PUF REMOVAL 

1. Follow steps 1 through 6 in the Post-Samplina Steps. 

2. Disconnect flow controller from the sampler. Remove motor- 
throat-screen unit from sampler housing and unscrew filter screen 
from throat extender. 

3 .  Wearing clean cotton gloves, remove PUFs from throat extender and 
place in clean, labeled glass container. Cover jar containing 
PUFs vith aluminum foil to prevent break-down of photo-sensitive 
Pups. 
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m SAMPLE 

!nitla Sei Point A? 

%st CdiibmtlOn Sei Pqini 2.1 

i e m r a t u r r  averaae t O C  

9.P. averaoa iin. wgtor~ . . . .  

CR . . . . . . . . . . . . . . . . .  
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Chsin ot Cuotodv. . . . . . . . . . . . . . . . .  

S m m r  waa Oeconoa . . . . . . . . . . . . . . .  

F IaO  I N V E m 7 " S  of ~ O I U D  
HAZAROOUS WASTE slm 
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T l tLCa 

AMUENT .AIR SAMPLING SOP 
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