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FOREWORD 

The Department of the Navy developed the Installation Restoration (IR) program 
to locate, identify, and remediate environmental contamination from the past 
disposal of hazardous materials at Navy and Marine Corps installations. The Navy 
IR program follows the Department of Defense Environmental Restoration Program 
as created by the Superfund Amendments and Reauthorization Act of 1986~ 

The IR program consists of Preliminary Assessment and Site Inspection, Remedial 
Investigation and Feasibility Study, and Remedial Design and Remedial Action. 
The Preliminary Assessment and Site Inspection identifies the presence of 
pollutants. The Remedial Investigation and Feasibility Study analyze the nature 
and extent of contamination and determine the optimum remediation solution. The 
Remedial Design and Remedial Action complete the implementation of the solution. 

Preliminary Assessment has determined that Naval Air Station (NAS) Cecil Field 
has 12 waste sites that may pose a threat to the environment. Therefore, a 
Remedial Investigation will be performed to address the extent, magnitude, and 
impact of possible contamination at these waste sites. Six of the sites have 
been grouped together for this remedial investigation document. An additional 
six sites have been identified as possible contaminant source areas. These sites 
will be evaluated through the Potential Source of Contamination (PSC) Screening 
process. 

The purpose of this Sampling and Analysis Plan is to summarize existing data, 
define RI/FS objectives, and propose methods and procedures to achieve those 
objectives. The Sampling and Analysis Plan contains the necessary Quality 
Assurance/Quality Control (QA/QC) information required for a site-specific 
Quality Assurance Project Plan (QAPP). 

Questions regarding this report should be addressed to the Commanding Officer, 
Code OOB, P.O. Box Ill, NAS Cecil Field, Jacksonville, Florida 32215-0111. 
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EXECUTIVE SUMMARY 

This Sampling and Analysis Plan (SAP) describes the data collection and sample 
analysis procedures to be conducted at the Cecil Field Naval Air Station (NAS 
Cecil Field) near Jacksonville, Florida. Data collection and laboratory analyses 
are being performed as part of the Remedial Investigation (RI) and Feasibility 
Study (FS) program for the Southern Division of the Naval Facilities Engineering 
Command. The RI/FS program is being conducted as part of the Naval Installation 
Restoration (IR) program whose obj ective is to identify and evaluate past 
hazardous waste sites and control the migration of hazardous contaminants from 
those sites. The Navy is proceeding with the IR program at NAS Cecil Field using 
the guidance of the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) and the Superfund Amendment and Reauthorization Act (SARA) 
RI/FS process. 

This document covers six of the twelve sites under remedial investigation at NAS 
Cecil Field. The approach to conducting the comprehensive RI/FS program at these 
si tes is set forth in four planning documents, including the Sampling and 
Analysis Plan. A comprehensive understanding of the entire program requires 
knowledge of all plans. This SAP details procedures for field sampling and data 
quality assurance/quality control. This plan discusses obj ectives of the 
sampling program and ultimate use of the data. It specifies sampling protoco.l 
and procedures, as well as types, locations, frequency of samples to be 
collected, and general quality assurance. 
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1.0 INTRODUCTION 

1.1 GENERAL. This Sampling and Analysis Plan (SAP) describes the data. 
collection and sample analysis procedures to be conducted at the Cecil Field 
Naval Air Station (NAS Cecil Field) near Jacksonville, Florida (Figure 1-1). 
Data collection and laboratory analyses are being performed as part of the 
Remedial Investigation (RI) and Feasibility Study (FS) program for the Southern 
Division of the Naval Facilities Engineering Command. The RI/FS program is being 
conducted as part of the Naval Installation Restoration (IR) program whose 
objective is to identify and evaluate past hazardous waste sites and control the 
migration of hazardous contaminants from such sites. The Navy is proceeding with 
the IR program at NAS Cecil Field using the guidance of the Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA) and the Superfund 
Amendment and Reauthorization Act (SARA) RI/FS process. Based on the U. S. 
Environmental Protection Agency's (USEPA) evaluation of data collected during 
previous investigations, the station has been listed on the National Priorities 
List (NPL). 

This document covers the sampling and analysis activities at three operable units 
containing a total of six sites. The approach to conducting the comprehensive 
RI/FS program at these sites is set forth in four planning documents. In 
addition to this SAP, these documents include the Community Relations Plan (CRP) , 
the Yorkplan, and the Health and Safety Plan (HASP). A comprehensive under­
standing of the entire program requires knowledge of all plans. This SAP details 
procedures for field sampling and data quality assurance/quality control. 
Implementation of the field procedures also requires knowledge of the Site Health 
and Safety Plan and the Site Management Plan. 

1.2 RI/FS GOALS. The goals of the RI/FS program are to assess the extent, 
magnitude, and impact of possible contamination at waste disposal sites and to 
develop appropriate remedial actions for sites that are determined to pose a 
threat to human health and/or the environment. The RI/FS emphasizes the 
collection of sufficient information to support risk management decisions 
concerning the appropriate remediation at a given site. 

The RI process serves as the mechanism for data collection to identify source and 
migration pathway characteristics, and for conducting the risk assessment and 
testing necessary to aid in the FS process. The FS process uses the information 
collected in the RI to develop, screen, and evaluate potential remedial 
alternatives. The processes are conducted concurrently with data collection to 
provide information relevant to the selection of a remedial action. 

1.3 REMEDIAL INVESTIGATIONfFEASIBILITY STUDY (RIfFS) SITES. Locations of the 
six sites at NAS Cecil Field addressed in this program are shown on Figure 1-2. 
These sites have been grouped into three operable units (OUs). The OUs are based 
on suspected waste types and disposal practices. They consist of: 

Landfills (Sites 1 and 2), 
Oil and Sludge Disposal Areas (Sites 3, 5, and 17), and 
The Aircraft Intermediate Maintenance Department (AIMD) Seepage Pit (Site 
16). 
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Site summaries for each site detail suspected waste types, summarize historical 
land use and previous data collection results, are included in the Workplan. 

1.4 CONTAMINATION STATUS AT EACH SITE. A brief summary of the analytical data 
from previous investigations is included in Table 1-1. Primary contaminants of 
concern include: 

metals (cadmium, chromium, and lead), 
extractable organics (polynuclear aromatic hydrocarbons), and 
volatile organics (l,l,l-trichloroethane, toluene, benzene, ethyl 
benzene, etc.). 

Samples from some monitoring wells revealed concentrations of chromium, lead, 
cadmium, benzene, and trichloroethylene (TCE) that were above Florida drinking 
water standards (Table 1-1). More detailed discussions of the previously 
identified contaminants and their migration potentials are provided in the 
Workplan. The HASP addresses field safety procedures and discusses health 
hazards associated with suspected contaminants. 

1.5 SCOPE OF THE SAMPLING AND ANALYSIS PLAN. The purpose of the SAP is to 
document the procedures for field activities and sample analyses. This plan was 
prepared in accordance with the 1988 "Guidance for Conducting Remedial Investiga­
tions and Feasibility Studies Under CERCLA" (USEPA/540/G-89/004 draft). This 
plan discusses objectives of the sampling program and ultimate use of the data. 
It specifies sampling protocol and procedures; as well as types, locations, 
frequency of samples to be collected; and general laboratory quality assurance. 

Chapters 2 and 3 of the SAP provide background and data quality objectives 
information, which are detailed in the Workplan. Field activities, including 
detailed sampling specifications and sampling locations, are provided in Chapters 
4 through 7. The field sampling sections describe the specific data collection 
activities that will be conducted during the field investigation phase of the 
remedial investigation. These data will be used to characterize the site, to 
conduct the baseline risk assessment, and to develop and evaluate remedial 
alternatives. 

CecFld.SAP 
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Table 1-1 
Summary of Maximum Concentrations of Previously 

Identified Contaminants, Groundwater (except where noted) 

Site 

Site 1, Old Landfill (SWMU A) 

Site 2, Recent Landfill (SWMU B) 

Site 3, Oil and Sludge Disposal Area (SWMU C) 

Site 5, Oil Disposal Area Northwest (SWMU E) 

Site 1 6, AIMD Seepege Pit (SWMU L) 

CeciFId.SAP 
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Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonville, Florida 

Contaminant 

Bis (2-ethylhexyl) phthalate 
Lead' 
Chromium' 
Methylene chloride (sediment) 
Cadmium (sediment) 
Lead (sediment) 

Naphthalene 
Chromium' 
Lead' 
Cadmium' 

1, l-Dichloroethane' 
1 ,1-Dichloroethylene 
Benzene' 
Ethyl benzene 
Toluene 
1,1,1-Trichloroethane 
4-Methylphenol 
bis (2-Ethylhexyl) phthalate 
Naphthalene 
2-Methylnaphthalene 
Chromium' 
Lead' 

bis (2-Ethylhexyl) phthalate 
Cadmium 
Chromium 
Naphthalene 
2-Methylnaphthalene 
Lead 
Chromium (sediment) 
Lead (sediment) 
Methylene chloride (sediment) 
Methylene chloride (soil) 
Ethyl benzene (soil) 
Arochlor 1260 (PCBs) (soil) 
Lead (soil) 
Chromium (soil) 

1,2-trens-Dichloroethylene 
T richl oro ethylene ' 
Chromium' 
Lead' 
Mercury 
1,1,1-Trichloroethane (soil) 
Chromium (soil) 
Lead (soil) 

1-5 

Concentration 

130 JIQ/l 
294 Jlgil 
176 pg/l 

53 JIQ/kg 
20 mg/kg 
14 mg/kg 

10 pgll 
425 Jlg/l 
385 Jlgil 

12 pgll 

210 Jlg/l 
110 JlQII 

4 JlQII 
10 pg/l 

8 JlQII 
88 pgll 
29 JlQII 
19 pgll 

280 pg/l 
190 pgll 
90 pgll 

164 pg/l 

13 pgll 
5 pgll 

39 pgll 
10 pgll 
10 pgll 
49 Jlgil 

9 mg/kg 
7 mg/kg 

43 pg/kg 
23 pg/kg 
12 pg/kg 

580 pg/kg 
14 mg/kg 

6.5 mg/kg 

380 pgll 
400 pgll 
74 pgll 

175 pgll 
0.3 pg/l 
19 pg/kg 

6.7 mg/kg 
11 mg/kg 



Table 1-1 (Continued) 
Summary of Maximum Concentrations of Previously 

Identified Contaminants, Groundwater (except where noted) 

Site 

Site 17, Oil and Sludge Disposal Pit Southwest 
(SWMU M) 

Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonville, Florida 

Contaminant 

Lead 

Concentration 

7 JJg/t 

'Above groundwater standards for Florida Administrative Code 17-550 maximum contaminant levels and USEPA Safe 
Drinking Water Act maximum contaminant levels (52 FR 25690, July 8, 1987). 

Notes: SWMU = Solid Waste Management Unit. 
JJQ/t = microgram per liter. 
mg/kg = milligram per kilogram. 
JJg/kg = microgram per kilogram. 
AIMD = Aircraft Intermediate Maintenance Dapartment. 

Source: See Appendix D of the Workplan. 
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2.0 SITE BACKGROUND AND SAMPLING OBJECTIVES 

2.1 GENERAL. Site background and setting information is detailed in the RIjFS 
Workplan for NAS Cecil Field. It provides historical review of site use and 
summarizes both our current understanding of the environmental setting and 
existing data from previous studies. The RIjFS Workplan also documents the 
initial evaluation and scoping process, which identifies the suspected contami­
nants, the potential migration and exposure pathways, and the potential health 
and environmental impacts. From this evaluation, specific data quality 
objectives were developed to support risk assessment and remedial alternatives 
evaluations. 

The data quality objectives (DQOs) for the RI are presented in the Workplan. The 
purpose of the RI is to provide the data necessary for source, migration pathway, 
and potential receptor characterization in sufficient detail to support the 
evaluation of potential remedial alternatives through the FS process. The 
Workplan approach to data collection is to ensure that site characterization 
efforts are directed towards providing information relevant to selection of 
remedial actions. The objectives and the approach to achieving those objectives 
are reiterated below with the description of RI tasks directly related to achiev­
ing DQOs. 

2.2 DATA QUALITY OBJECTIVES. The objectives of the RI, risk assessment (RA), 
and FS activities are summarized in Table 2-1. Data generated during each 
investigation should be of sufficient type, quantity and quality to meet the 
investigation's objectives. 

RI characterization activities will encompass characterization of the source 
volumes and associated contaminant concentrations, and identify migration 
pathways. The RI activities will include physical and geophysical screening 
methods to define source area boundaries, source sampling and sample analysis, 
and migration pathway sampling and sample analysis. A summary of the RI DQOs and 
associated data collection activities, by operable unit, is included as Table 
2-2. After reviewing the RI results, additional RI activities may be necessary 
to further characterize downgradient migration pathways, quantify land and water 
use, and model contaminant transport. 

FS activities will be designed to provide detailed data regarding the technical 
feasibility of selected remedial alternatives through the use of treatability or 
bench scale studies. To expedite the RIjFS process, potential remedial 
alternatives will be tested concurrently with the RI sampling. The FS activities 
may include collection of media- specific baseline data (1. e., soils organic 
content and natural water quality constituents), solidification and leaching 
potential evaluation, RCRA waste characterization, thermal treatment and 
destruction trial testing, etc. 

2.3 APPROACH TO ACHIEVING DATA QUALITY OBJECTIVES. The RI data collection 
efforts are summarized by operable unit and site below, following discussion of 
the data quality objectives. The specific sampling and analytical methods to be 
employed, as well as detailed field activity protocols, are described in Chapters 
4 and 5. Additional information regarding site work activities is provided in 
the Health and Safety Plan. 

CeciFld.SAP 
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Investigations 

PSC Screening 
Potential source of contami­
nation screening. 

RI 
characterize contaminant 
distribution and migration 
potential. 

FS 
Remedial alternatives evalu­
ation. 

Table 2-1 
Sampling Objectives 

Sampling Analysis Plan 
NAS Cecil Field 

Jacksonville, Florida 

Remedial Investigation 

Limited sampling and anal­
ysis to establish the presence 
or absence of contaminants 

Risk Assessment 

Develop preliminary base­
line risk assessment to 
define risk under the no-

at source or in indicator path- action alternative. 
ways. 

Detailed sampling and analy­
sis to establish general verti­
cal and areal extent of con­
tamination and contaminant 
concentrations. 

Further characterization of 
pathways and sources for 
control evaluation. 

Identify potential receptors; 
and evaluate environmental 
and public health threat. 
Establish appropriate levels 
of risk reduction. 

Refine uncertainties in mea­
surement of public health 
threat. 

Not.,.: PSC - potential 80urca of contamination. 
RI - Remedial InvlIBtigetion. 
ARARa - Applicable or Relevant end Appropriate Requirements. 
FS - Feeeibility Study. 

CeciFId.SAP 
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Feasibility Study 

Evaluate applicability of 
no-action alternative. 

Identify applicable reme­
dial technologies, ARARs, 
and effective pathway 
controls. Evaluate treat­
ment scenarios. Evaluate 
costs to achieve ARARs. 

Evaluate applicable stan­
dards or risks. Identify 
applicable remedial tech­
nologies. 



Table 2-2 
Summary of Data Collection Activities 

Sampling and Analysis Plan 
NAS Cacil Field 

Jacksonville, Florida 

Operable Unit 

LANDFILLS (Sites 1 and 2) 
- Source volume characterization 
- Groundwater plume characterization 
- Contaminant transport potential 

OIL/SLUDGE DISPOSAL AREAS (Sites 3, 5, and 17) 
- Source volume characterization 
- Source contaminant characterization 
- Groundwater plume characterization 
- Contaminant transport potential 

AIMD SEEPAGE PIT (Site 16) 
Source identification 

- Source area characterization 
- Groundwater plume characterization 

Surface water discharge point characterization 
- Contaminant migration potential 
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Data Collection Activities 

- Electromagnetic induction (EM) survey, 
Piezocone penetration test (PCPT) 

- Monitor well construction,sampling, and analysis 
- Permeability (slug) testing of 

monitor wells, water table elevation measurement, 
surface water elevation and flow measure, surface 
water/sediment sampling and analysis, ambient air 
monitoring 

- Soil gas survey 
- GPR Survey 
- Soil sampling and analysis 
- Monitor well construction, sampling, and analysis 
- Permeability (slug) testing of monitor wells, water 

table elevation measurement, surface water 
elevation and flow measure, surface water/sediment 
sampling and analYSis, ambient air monitoring 

- Soil gas survey 
- GPR survey 
- Soil sampling and analysis 

Monitor well construction, sampling, and analysis 
- Surface water/sediment sampling and analysis 
- Permeability (slug) testing of monitor wells, water 

table elevation measurement, surface flow 
measurement 



2.4 SAP-SPECIFIC DATA QUALITY OBJECTIVES. The DQOs are to characterize the 
site, delineate the source of contamination, and determine if contamination has 
migrated away from the source and, if so, by which pathways. Source character­
ization and delineation include the following field investigation tasks: 
geophysical surveys; soil gas surveys; and the collection and analyses of soil, 
surface water and sediment, ambient air, and groundwater monitoring. Other data 
will be used to evaluate contaminant migration potential [permeability (slug) 
tests, surface water and groundwater level data, surface water and sediment 
sampling and analysis, and ambient air monitoring). The data to be collected at 
each site is generally described in the following chapters, which focus on 
specific DQOs. 

2.4.1 Source Area and Volume Characterization Electromagnetic induction (EM) 
surveys will be conducted at the Operable Unit 1 (Sites 1 and 2). The survey is 
intended for use as a reconnaissance tool to locate the areal extent of the 
source at the surface. EM can be used to map local and general changes in the 
natural hydrogeologic setting by measuring differences in near surface 
conductivities and can be used to detect and measure boundaries of a conductivity 
plume. 

Ground Penetrating Radar (GPR) surveys are proposed for Sites 3, 5, 17, and 16. 
GPR is a non- intrusive survey capable of discriminating changes within the soil's 
micro-horizons. An abrupt profile change represents disturbed soil, which may 
indicate the edge of a trench or pit. Because GPR has the the ability to 
discriminate small objects, it is often used to find buried objects such as 
drums. 

Soil gas surveys will be used to measure and identify organic vapors in soil 
pores, indicating contaminant areas. Delineation of the waste or contaminated 
area by soil gas survey will be used in source volume characterization at 
Operable Units 2 and 7. 

The geophysical and soil gas survey information allows for improved targeting of 
sample borehole and monitoring well locations. 

'Samples collected from shallow soil borings and 
installation at all sites will be field screened using 
(OVA) to determine depth of contamination. 

during monitoring well 
an organic vapor analyzer 

The piezocone penetration test (PCPT) is proposed for use at Operable Unit 1 to 
establish the subsurface soil profile. The PCPT can quickly and efficiently 
provide subsurface stratigraphic data and also provide quantity and quality data 
necessary to make important field decisions via instantaneous on-board computer 
interpretation programs. 

2.4.2 Source Contaminant Characterization Soil sample collection and analysis 
will be conducted to characterize source contaminants. Geologic borehole logs 
will be used to document physical characteristics (through visual inspection) of 
collected samples, whereas analytical results will be used to chemically 
characterize the waste. This sampling and analysis will be conducted at oil and 
sludge disposal areas and the AIMD seepage pit. 
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2.4.3 Contaminant Migration Potential The primary obj ective of the field 
investigation of the RI/FS is to characterize the nature and extent of 
contamination such that informed decisions can be made as to the level of risk 
associated with each site, and the appropriate types of remedial responses. This 
process involves collecting various onsite data to give a preliminary estimate 
of the locations of contaminants that may have migrated, and to estimate 
migration rates and directions. 

PCPT and borehole logging will be used to identify subsurface characteristics 
that may influence contaminant migration. Permeability testing and water table 
elevation measurements will be conducted for all sites. Surface water elevation 
and flow measurements will be collected at Sites 1 and 2. Surface water and 
sediment sampling and sample analysis will be completed at Sites 1, 2, 5 and 16. 
The potentiometric surface of the secondary artesian aquifer will be measured in 
the three proposed 120-foot deep wells. 

Occupational Health and Safety Administration (OSHA) required ambient air 
monitoring will be conducted during activities at all sites, as described in the 
Health and Safety Plan. 

2.4.4 Surface Water Characterization Surface water and sediment samples will 
be analyzed to determine if sites adjacent to streams have had a detrimental 
effect on surface water quality. Samples will be collected above, adjacent, an,d 
downgradient of Sites 1 and 2, along Rowell Creek, also, from the unnamed creek 
between the sites. Upgradient and downgradient samples will be collected from 
the unnamed creek adjacent to Site 5. At Site 16, a sample will be collected 
from the stormwater discharge point located across the runway. 

2.4.5 Groundwater Plume Characterization Monitoring well installation and 
groundwater sampling and analyses will be conducted to characterize any 
groundwater contaminant plumes. Monitoring wells may be clustered so that water 
quality in both the upper 10 feet of the surficial aquifer and the lower 10 feet 
of the surficial aquifer can be characterized. The 16 existing and 34 proposed 
monitoring wells will be used to measure physical characteristics of groundwater 
flow, such 'as direction, velocity, and transmissivity. The information will be 
examined as part of the investigation of contaminant transport potential. 

2.4.6 Operable Units Operable units and the purpose for sample collection will 
be discussed below. 

2.4.6.1 Landfills Source volume characterization for Sites 1 and 2 will be 
accomplished using EM and PCPT to define the landfill boundaries. The open 
boreholes, during monitoring well construction, will be monitored using an OVA 
with PID to detect organic vapors that may be emanating from the buried waste 
material. Additional monitoring wells will be constructed either to complement 
existing monitor wells, or in two-well (shallow and deep) clusters. Surface 
water and sediment samples will be collected from Rowell Creek, upgradient and 
downgradient of the sites and ,from the small creek between the sites. Proposed 
sampling locations (for all media) are shown in Chapter 3. Summaries of the 
proposed sampling and laboratory analysis are provided in Chapter 4. 
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2.4.6.2 Oil and Sludge Disposal Areas RI characterization activities will be 
conducted for Sites 3, 5, and 17. A soil gas survey will be conducted on each 
site prior to initiation of field sampling to identify the extent of contamina­
tion. Soil borings will be constructed within the identified contamination area 
using a stainless steel bucket auger. Eight borings at Site 3 will be sampled 
at two intervals; 2.5 to 4.0 bls feet and at the water table. S'even borings at 
Site 5 will be sampled at three intervals; 0 to 1.5 feet, 2.5 to 4.0 feet and at 
the water table. If groundwater/leachate is encountered during monitoring well 
construction, field parameters of pH, specific conductance, and temperature will 
be measured and recorded. Shallow monitoring wells will also be constructed and 
sampled around and downgradient of each site. Surface water and sediment samples 
will be collected adjacent to Site 5. The proposed sampling and laboratory 
analyses are summarized in Chapters 3 and 4. 

2.4.6.3 AIHD Seepage Pit The RI characterization activities for Site 16 will 
be initiated with a soil gas survey to confirm the location of the contamination 
and to characterize the source area volume. Ground penetrating radar will be 
used to locate underground utilities and other subsurface features. Soil borings 
will be collected in the source area(s) to a depth of 8.0 feet bls using split­
spoon sampling techniques, with soil samples collected at two intervals. Shallow 
monitoring wells will be constructed around the pit for sample collection and to 
confirm the direction of groundwater flow. A downgradient well will be installed 
into the lower parts of the surficial aquifer (about 50 feet below land surfac,e 
[blsJ) and another well will be installed into the secondary artesian aquifer 
(about 120 feet bls). Surface water and sediment samples will be collected at 
the point of discharge from the drainage ditch. The proposed sampling, field and 
laboratory activities are summarized in Chapters 3 and 4. 

2.4.7 Field and Laboratory Qualitv Assurance/Quality Control (QA/QC) Ob1ectives 
Samples will be collected and analyzed to provide both field and laboratory 
QA/QC. Table 2-3 lists the Navy requirements for QA/QC samples (NEESA, 1988). 
The types of samples, their purpose,' and the number to be collected in the field 
are discussed below. 

QA/QC samples are collected in the field to verify the precision and accuracy of 
the data. A summary of the estimated number of QA/QC samples by matrix is 
included as Table 2-4. 

The following types of QA/QC samples will be collected in the field. 

• Trip blanks are used to identify contaminants introduced to the sample 
between the time the samples are collected and the time the laboratory 
analysis is completed. They originate from analyte-free water taken to 
the sampling site and are returned unopened to the laboratory with the 
samples undergoing volatile organic analyses (VOAs). One trip blank 
will accompany each cooler containing VOAs, and should be stored at the 
laboratory with the samples. Trip blanks are analyzed for VOAs only. 
For planning purposes, trip blanks were assigned at a frequency of 1 
trip blank for every 10 samples for chemical analyses. This is at a 
rate of 10 wells to be sampled per day. It is estimated a total of 36 
trip blanks will be required (see Table 2-4). 

CecIFId.SAP 
F04.FGB,oa.91 2-6 



Table 2-3 
Navy Field Quality Assurance/Quality Control (QA/QC) Requirements 

Type of Sample 

Trip blank (for volatiles only) 

Equipment rinsate 1 

Field blank 

Field duplicates2 

Sampling and Analysis Plan 
NAS Cacil Field 

Jacksonville, Florida 

Level D Data 

Metal 

Not applicable 

1 per day 

1 per source per event 
for all levels and all an­
alytes 

1 in 10 

Organic 

per cooler 

1 per day 

1 per source pe'r event 
for all levels and all 
analytes 

1 in 10 

Samples are collected daily; however, only samples from every other day are analyzed. Other samples are held 
and analyzed only if evidence of contamination exists. 

2 The duplicate must be taken from the same sample that will become the laboratory matrix/spike duplicate for 
organics or for the sample used as a duplicate in inorganic analysis. 

Table 2-4 
Estimated Number of Quality Assurance/Quality Control (QA/QC) Samples by Matrix 

Trip blanks 

Equipment rinsates 

Field blanks 

Field duplicates 

Additional laboratory 
volumes 

Totals 
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Groundwater 

10 

21 

16 

16 

20 

83 

Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonville, Aorida 

Surface Water Sediment Soil Borings Total 

4 4 18 36 

7 7 36 71 

7 7 16 46 

7 7 37 67 

6 2 0 28 

31 27 107 248 
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Equipment rinsate blanks are the final analyte-free (ASTM Type II 
water) water rinse from equipment cleaning collected daily during a 
sampling event. They are used to detect contaminants that may have 
been introduced by sampling equipment. Initially, samples from every 
other day should be analyzed. If analytes pertinent to the project are 
found in the rinsate, the subsequent equipment rinsate samples must be 
analyzed on a daily basis. The results from the blanks will be used to 
flag or assess the levels of analytes in the samples. This comparison 
is made during data evaluation. The rinsates are analyzed for the same 
parameter as the related samples. Examples of equipment from which 
rinsates are required are: augers, bailers, split spoons, pumps, 
filters, etc. Equipment rinsates were also estimated at a frequency of 
1 sample for every 10 samples collected. This is the same frequency as 
trip blanks. An estimated total of 71 equipment rinsates will be col­
lected and approximately half will be analyzed (see Table 2-4). 

Field blanks consist of the source water used in decontamination and 
steam clean~ng. They are used to detect contaminants that may have 
been introduced during equipment cleaning. At a minimum, one field 
blank from each sample matrix per sampling event (Note: a sampling 
event is from the time sample personnel arrive at the site until 
personnel leave for more than 24 hours), including each source of water 
will be collected and analyzed for the same parameters as the sample~. 
A total of 46 .field blanks are proposed (see Table 2-4). 

Field duplicates and split-duplicates for groundwater, surface water 
and sediment, and soil samples will be collected. Soil sample dupli­
cates and splits will be collected and homogenized prior to being 
split. Samples for vac analysis will not be homogenized. Select 
segments of soil are taken from the length of the core and placed in 
glass vials. Water field duplicates will be collected simultaneously 
with the original samples. Field duplicates will be collected at a 
frequency of 1 QA/QC sample for every 10 original samples per sample 
matrix; 67 samples are estimated (see Table 2-4). These samples will 
be submitted blindly (i.e., with an alias station number) to the lab 
for additional QA/QC data evaluation. 

The following samples are collected in the field to perform laboratory QA/QC 
procedures. 

Additional laboratory OA/OC volume samples will be submitted to the 
laboratory at a frequency of 1 QA/QC sample for every 20 original 
samples per sample matrix. This allows the lab to perform matrix spike 
and spike duplicate analyses as part of the laboratory QA/QC proce­
dures. These samples are identified by the same station number as the 
original sample sent to the lab. An estimated 28 samples will be 
submitted (see Table 2-4). 

"Background" samples are collected and analyzed to document and indicate a 
historical baseline. In order to have a basis of comparison of site water 
quality and soil and sediment to background levels, the collection of samples 
from control stations will be completed. Control samples upgradient from the 

. source of waste are as important as the samples collected downgradient, and were 
chosen to ensure representative results. 
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3.0 SAMPLING LOCATIONS AND DESIGNATIONS 

The distribution and number of groundwater, surface water and sediment, and soil 
samples to be collected are listed by site in Table 3-1. The proposed locations 
for these samples and the designations are identified on Figures 3-1 through 3-5. 
In addition to this sampling, physical data will be collected for each site to 
characterize migration pathways and to quantify the contaminant migration 
potential. These data will include water table elevations (all groundwater 
monitoring wells), aquifer permeabilities (hydraulic conductivity), and a surface 
water stage and flow rate (location to be determined). The analytical 
requirements for each sample submitted to the laboratory are detailed in 
Chapter 4. 

Based on the site contaminant migration pathway modeling and scoping efforts 
described in the workplan, the RI groundwater assessments will focus on the 
surficial aquifer. One well tapping the secondary artesian aquifer will be 
installed at each operable unit, to ensure that contamination has not migrated 
into this system. References to "shallow" monitoring wells include monitoring 
wells designed to intercept the water table surface (i. e., for suspected 
petroleum product contamination), and monitoring wells screened within the first 
5 to 10 feet of the saturated zone (estimated to begin at a depth of 5 to 15 feet 
below ground surface). References to "deep" monitor wells include wells tapping 
the bottom 5 to 10 feet of the surficial aquifer (located at estimated depths of 
20 to 50+ feet below ground surface). Well location designations include a "0" 
or an "S" to identify the deep and shallow wells. Wells into the secondary 
artesian aquifer will be approximately 120 feet b1s and will be designated as 
"DO. " 

The locations of the groundwater monitoring wells are proposed based on the 
location of existing wells, the need for a background sampling well, and the need 
to characterize groundwater flow direction. Data from previous geophysical 
surveys were also considered and are included and summarized in the workp1an. 
Where data points are located near surface water, groundwater data will provide 
an indication of the surface water and shallow groundwater-water recharge and 
discharge relationships. Final field locations will also be based upon the 
results of the reconnaissance surveys (geophysical and soil gas) and field 
conditions. 

Therefore, the proposed locations on the figures in this document may change in 
the final report. All borings and well locations will be restored to conditions 
acceptable to the Navy. However, when trees are cleared it will be difficult to 
restore the site to original conditions. Stormwater controls and aesthetics 
design will be included into the remedial plan. 

The shallow soil boring sampling for RI assessments is designed to focus on the 
probable contaminant distribution within the unsaturated zone, based on past 
disposal practices and site conditions. Specific soil sample locations and 
sample intervals may be modified based on the results of geophysical surveys to 
better suit field conditions (i.e., water table elevations). 
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Sampling Existing 
Location 

Operable Unit 1 

Site No.1 

Site No.2 

Operable Unit 2 

Site No.3 

Site No.6 

Site No. 17 

Operable Unit 7 

Site No. 16 

Total. 
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Wells 

4 

2 

2 

2 

3 

3 

18 

Table 3-1 
Summary of the Number of Sampling Locations by Site 

Sampling and Analysis Plan 

NAS Cecil Field 
Jacksonville, Florida 

Total No. 
Proposed of Wella Surface Soil Surface 

Wells Per Site Water Sediment Boring. Interval. Ga. Soil 

8 12 4 4 0 0 0 0 

6 8 0 0 0 0 

6 8 0 0 8 16 26 0 

4 6 2 2 7 21 26 0 

3 6 0 0 3 6 26 0 

7 10 6 12 26 2 

34 60 8 8 24 66 100 2 

3-2 
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The location and number of surface water and sediment samples are identified on 
Figures 3-1 through 3-5, and totaled in Table 3-1. The locations of sampling 
points provide information from both background and downgradient of the sites, 
and points between. 

The order of sample collection within each media will begin with suspected 
"clean" locations (background) and progress to collection of the suspected most 
contaminated samples. The order of site sampling also progresses from areas 
suspected to be free of wastes to the suspected most affected areas. Types of 
wastes disposed and operable units were also considered. 
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4.0 ANALYTICAL PROGRAM 

4.1 ANALYTICAL PARAMETERS. The analytical parameters are proposed based on 
suspected and identified waste types as discussed in the Workplan. Table 4-1 
shows the types of parameters suspected at each operable unit based on previous 
sampling, known disposal, and the type of site. The suspected parameter groups 
include: 

metals, 
purgeable halocarbons, 
purgeable aromatics, 
pesticide and polychlorinated biphenyls (PCBs), 
nitroaromatics, 
phenols, and 
extractable organics. 

4.2 ANALYTICAL METHODS AND SUMMARIES. Additional analytical methods are 
proposed based on the above list and knowledge of what was disposed of at the 
sites. Analytical methods selected are based on the detection levels required 
for data comparison with the Florida Drinking Water Standards (Part III, Chapter 
17-550) and USEPA's maximum contaminant levels (MCL) (EPA, 1988b). Table 4-2 
lists the Florida standards in comparison with USEPA's MCL, maximum contaminant 
level goal (MCLG), proposed MCLG, and practical quantification levels (PQL). The 
Navy requires that analytical methods either be approved by the USEPA or 
developed by the Navy (NEESA, 1988). These USEPA methods are provided in 
Appendix A. 

USEPA Contract Laboratory Program (CLP) analytical methods for determining the 
Target Compound List (TCL) (USEPA, 1988) and Target Analyte List (TAL) parameters 
(USEPA, 1988) shall be used. Table 4-3 lists the TCL and TAL parameters and the 
soil and water contract required quantification limits (CRQL). 

There are six compounds with CRQL higher than Florida's Primary Drinking Water 
Standards: benzene, trichloroethene, tetrachlorethene, vinyl chloride, 1,2-
dichloroethane, and carbon tetrachloroethane. If any of these compounds are 
detected in groundwater, but at a concentration that can not be quantified, then 
the sample will be reanalyzed using USEPA Method 601 or 602. Tables 4-4 through 
4-6 list each operable unit, sample location, and the associated analytical 
requirements. 
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Operable 
Units Site Metals 

Landfills 

2 

Oil and Grease Pits 3 
6 

17 

AIMD Drainfield '16 

NOTES: 

'Sodium cyanide disposed into this pit. 

c = Identified during previous sampling. 

x - suspected. 
~ not suspected. 

c 
c 

c 
c 
c 

C 

Table 4-1 
Suspected Contaminants 

Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonville, Florida 

suspected Contaminant 
Purgeable Purgeable 
Halocarbons Aromatics Pesticide and pcas 

c c x 
x c x 

c c s 
c c c 
x X B 

C X 

s - suspected due only to its identification at a similar site during a previous sampling event. 
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Table 4·2 
Florida Drinking Water Standards and USEPA MCl Comparison 

Contaminants 

Arsenic, total 
Barium, total 
Cadmium. total 
Chromium, total 
Fluoride (mg/ll 
lead. total 
Mercury, inorganic 
Nitrate-N (mg/ll 
Selenium. total 
Silver. total 
Sodium, (mg/ll 
Chloride. (mg/ll 
Color (color unitsl 
Copper, total 
ColTOsivity 
Foaming agents 
Iron, total 
Manganese. total 
Odor (threshold odor numberl 
pH ,standard unitsl 
Sulfate, mg/ll 
TOS, (mg/ll 
Zinc, total 
Chlorinated hydrocarbons 

Endrin 
Lindane 
Methoxychlor 
Toxaphene 

Chlorophenoxys 
2.4-0 
2.4,6 -TP 

Total trihalomethanes (sum of 
bromodichloromethane, 
dib.rornochloromethane, 
tribromomethane (bromoforml, 
and trichloromethane 
(chloroforml 
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Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonvi"e, Florida 

Florida Drinking Water Standards 

Primary 

60 
1,000 

10 
60 

4 
60 

2 
10 
10 
60 

160 

.2 
4 

100 
6 

100 
10 

100 

Secondary 

2 

260 
16 

1,000 
Non-corrosive 

600 
300 

60 
3 

e.6-B.6 
260 
600 

6.000 

4-3 

Pal,al 

10 
20 

1 
10 

10 

20 
70 

60 

20 

.1 
6 
2 
2 

10 
2 

U.S. Environmental Protection Agency 

MCl(bl MClG(cl 

60 
1,000 

10 
60 

4/2+ 
60 

2 
10 
10 

60/90+ 

260+ 
16+ 

1,000+ 
Non-corrosive 

600+ 
300+ 
60+ 

3+ 
e.6-8.6 

260+ 
600+ 
6,000 

.2 
4 

100 
6 

100 
10 

1001i1 

Proposed 
MClG(d) 

60 
1.600 

6 
120 

20 
3 

10 
45 

1,300 

340 
o 

70 
62 



Table 4·2 (Continued) 
Florida Drinking Water Standards and USEPA MCl Comparison 

Contaminants 

Volatile Organics 
Trichloroethene 
Tetrachlorethene 
Carbon tetrachloride 
Vinyl chloride 
1,1.1-trichloroethane 
1.2-dichloroethane 
Benzene 
Ethylene dibromide 
p - dichlorobenzene 
1,1-dichloroethene 

Microbiological 

Radionuclides 
Ra-226 and Ra-226 (pCi/II 
Gross alpha (pCi/II 

Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonville, Florida 

Florida Drinking Water Standards 

Primary Secondary POl(al 

3 
3 .6 
3 1 
1 2 

200 6 
3 .6 

2 
0.2 6 
76 2 

7 
one per 10 

ml (avg) 
four per 1 
ml (maxI 

6 
16 

U.S. Environmental Protection Agency 

MCl(bl MClG(cl 

6 0 
6" 
6" 0 
2" 0 

200" 200 
6" 0 
6" 0 

76"/6 + + 0 
7" 7 

one per 100 
ml (avg) 

four per 100 
ml (max) 

6 
16 

Proposed 
MClG(dl 

o 

o 

NOTES: (al Source 62 FR 26947. Practical quantification limits (POL) are presented for atandard analytical methods. It may be appropriate to 
use different analytical methods to achieve lower quantification limits in some casea. 

(b) 

(cl 
(d) 

40 CFR 141 and 143. 
40 CFR 141.60. 
50 FR 46936, November 13. 1985. 
MCl (maximum contaminant leve" a. eatablished in the Federal Register (FR 62 26690), July 8. 1987. 

+ Secondary MCl. 
+ + Proposed MCl. 
MClG Maximum contaminant level goal. 
(i) Based on the standard for total trihalomethanes at 100 JIG/I. 

JIG/I - micrograms per liter aYg - average lOS - total dissolved solids pCi/l-picocuries per liter 
mg/l - milligrams per liter max - maximum ml - mUliliter 

Sources: Florida Administrative Codes Part III. Chapter 17-660, Maximum Contaminant levels for Drinking Water Standards, January 1989, pp. 
9-16. 

USEPA Guidance on Remedial Action. for Contaminated Groundwater at Superfund Sit", December 1988. 

Notes: All unit. in JIG/I except where nClted. 
POL - practical quantitatiC!n limit •. 
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Table 4-3 
Target Compound List and Contract Required Quantitation Limits· 

Parameters 

Volatile Organic Chemicals' 

1. Chloromethane 
2. Bromomethane 
3. Vinyl chloride 
4. Chloroethane 
5. Methylene chloride 
6. Acetone 
7. Carbon disulfide 
8. 1,1-Dichloroethene 
9. 1,1-Dichloroethane 
10. 1,2-Dichloroethene (total) 
11. Chloroform 
12. 1,2-Dichloroethane 
13. 2-Butanone 
14. 1,1,1-Trichloroethane 
15. Carbon tetrachloride 
16. Vinyl acetate 
17. Bromoclichloromethane 
18. 1,2-Dichloropropane 
19. cis-1,3-Dichloropropene 
20. Trichloroethene 
21. Dibromochloromethane 
22. 1,1 ,2-Trichloroethane 
23. Benzene 
24. trans-1,3-Dichloropropene 
25. Bromoform 
26. 4-Methyl-2-pentanone 
27. 2-Hexanone 
28. Tetrachloroethene 
29. Toluene 
30. 1,1 ,2,2-Tetrachloroethane 
31. Chlorobenzene 
32. Ethyl benzene 
33. Styrene 
34. Xylenes (total) 

CeoIFIcI.SAP 
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Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonville, Florida 

Quantitation Limits** 

Water (pg/ £) Low Soil/Sediment (ug/kg) 

10 10 
10 10 
10 10 
10 10 
5 5 

10 10 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 

10 10 
5 5 
5 5 

10 10 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 

10 10 
10 10 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
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Table 4-3 (Continued) 
Target Compound List and Contract Required Quantitation Limits* 

Parameters 

Semivolatile Organic Chemicals2 

36. bis (2-Chloroethyl) ether 
37. 2-Chlorophenol 
38. 1,3-Dichlorobenzene 
39. 1,4-Dichlorobenzene 
40. Benzyl alcohol 
41. 1,2-Dichlorobenzene 
42. 2-Methylphenol 
43. bis (2-Chloroisopropyl) ether 
44. 4-Methylphenol 
45. N-Nitroso-di-n-dipropylamine 
46. Hexachloroethane 
47. Nitrobenzene 
48. Isophorone 
49. 2-Nitrophenol 
50. 2,4-Dimethylphenol 
51. Benzoic acid 
52. bis (2-Chloroethoxy) methane 
53. 2,4-Dichlorophenol 
54. 1,2,4-Trichlorobenzene 
55. Naphthalene 
56. 4-Chloraniline 
57. Hexachlorobutadiene 
58. 4-Chloro-3-methylphenol 

(para-chloro-meta-cresol) 
59. 2-Methylnaphthalene 
60. Hexachlorocyclopentadiene 
61. 2,4,6-Trichlorophenol 
62. 2.4,5-Trichlorophenol 
63. 2-Chloronaphthalene 
64. 2-NitroanDlne 
65. Dimethylphthalate 
66. Acenaphthylene 
67. 2,6-Dinitrotuluene 
68. 3-NltroanDine 
69. Acenaphthene 
70. 2,4-Dinltrophenol 
71. 4-Nltrophenol 
72. Dlbenzofuran 
73. 2,4-Dlnltrotoluene 
74. Diethylphthalate 
75. 4-Chlorophenyl-phenyl ether 

CecIFJd.SAP 
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Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonville, Florida 

Quantitation Limits** 

Water (pg/ £) Low Soil/Sediment (pg/kg) 

10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
50 1,600 
10 330 
10 330 
10 330 
10 330 
10 - 330 
10 330 . 
10 330 
10 330 
10 330 
10 330 
50 1,600 
10 330 
50 1,600 
10 330 
10 330 
10 330 
50 1,600 
10 330 
50 1,600 
50 1,600 
10 330 
10 330 
10 330 
10 330 
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Table 4-3 (Continued) 
Target Compound List and Contract Required Quantitation Limits· 

Parameters 

Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonville, Florida 

Quantitation Limits** 

Water (pg/1) Low Soil/Sediment (ug/kg) 

Semivolatile Organic Chemicals (Cont.) 

78. 4,S-Dinitro-2-methylphenol 
79. N-nitrosodiphenylamine 
80. 4-Bromophenyl-phenylether 
81. Hexachlorobenzene 
82. Pentachlorophenol 
83. Phenanthrene 
84. Anthracene 
85. Di-n-butylphthalate 
8S. Fluoranthene 
87. Pyrene 
88. Butylbenzylphthalate 
89. 3,3'-Dichlorobenzidine 
90. Benzo(a)anthracene 
91. Chrysene 
92. bis (2-EthylhexyJ)phthalate 
93. Di-n-octyfphthalate 
94. Benzo(b)fluoranthene 
95. Benzo(k)fluoranthene 
96. Benzo(a)pyrene 
97. Indeno (1,2,3-cd)pyrene 
98. Dibenz(a,h)anthracene 
99. Benzo(g,h.Qperylene 

CeoFId.SAP 
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50 1,600 
10 330 
10 330 
10 330 
50 1,600 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
20 660 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
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Table 4-3 (Continued) 
Target Compound List and Contract Required Quantitation Limits* 

Parameters 

Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonville, Florida 

Quantitation Limits** 

Water (;Jg/l) Low Soil/Sediment (;Jg/kg) 

Pesticides and Polychlorinated 8iphenyls3 

100. alpha-SHC 
101. beta-SHC 
102. delta-SHC 
103. gamma-SHC (Lindane) 
104. Heptachlor 
105. Aldrin 
106. Heptachlor epoxide 
107. Endosulfan I 
108. Dieldrin 
109. 4,4'-DDE 
110. Endrin 
111. Endosulfan II 
112. 4,4'-DDD 
1 13. Endosulfan sulfate 
114. 4,4'-DDT 
115. Methoxychlor 
116. Endrin ketone 
117. alpha-Chlordane 
118. gamma-Chlordane 
119. Toxaphene 
120. Aroclor-1016 
121. Aroclor-1221 
122. Aroclor-1232 
123. Aroclor-1242 
124. Aroclor-1248 
125. Aroclor-1254 
126. Aroclor-1260 
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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 
0.5 
0.10 
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 
8.0 
8.0 
8.0 
8.0 
8.0 

16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
80.0 
16.0 
80.0 
80.0 

160.0 
80.0 
SO.O 
80.0 
80.0 
80.0 

160.0 
160.0 



Component 

Arsenic 
lead 
Selenium 
Thallium 

Aluminum 
Antimony 
Barium 
Beryllium 
Calcium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
lead 
Magnesium 
Managanese 
Nickel 
Potassium 
Silver 
Sodium 
Vanadium 
Zinc 

Mercury 
Cyanide 

Table 4--3 (Continued) 
Target Analyte List (TCl) and Contract Required Quantitation Limits· 

Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonville, Florida 

Quantitation Limits·· 

Water (;.;g/ £) Soil (mg/kg) 

10 20 
3 0.6 
5 1.0 

10 2.0 

200 40 
60 12 

200 40 
5 1.0 

5,000 1,000 
5 1.0 

10 2.0 
50 10 
25 5.0 

100 20 
100 2.0 

5,000 1,000 
15 3.0 
40 8.0 

5,000 1,000 
10 2.0 

5,000 1,000 
50 10 
20 4.0 

0.2 0.0'2 
1O 1.0 

'Medium soil/sediment contract required quantitation limits (CROL) for volatile TCL compounds are 125 times the 
individual low soil/sediment CROL 

2Medium SOli/sediment contract required quantitation limits (CROL) for semivolatile TCL compounds are 60 times 
the individual low soli/sediment CROL 

3Medlum SOli/sediment contract required quantitation limits for pesticide/PCB TCL compounds are 15 times the 
individual low soli/sediment CROL 

Note: * • Specific quantltation limits are highly matrix dependent. The quantitation limits listed herein are provided for 
guidance and may not always be achievable. 

** • Ouantltation limits listed for soli/sediment are based on wet weight. The quantltation limits calculated by the 
laboratory for soil/sediment, calculated on dry weight basis as required by the contract, will be higher. 

CeoIFId.SAP 
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Table 4-4 
Summary oU)roposed Site Investigations and Sample Analytical Requirements 

For Operable Unit 1 

Sampling and Analysis 
NAS Cecil Field 

Jacksonville, Floridll 

Sample 
WelllD Environmental Matrix Interval (BLS) A B C D E F 

CEF '-1S Groundwater 10-15 A B C D E 

CEF 1 -2D Groundwater 5-40 A F 

CEF 1 -3D Groundwater 6.5-46 A F 

CEF 1 -4S Groundwater 5-18 A B C D E 

CEF1-1D Groundwater -4Q A B. C D E 

CEF 1-2S Groundwater -15 A B C D E 

CEF 1 -3S Groundwater -15 A B C D E 

CEF 1-4D Groundwater -40 A B C D E 

CEF 1-5S Groundwater -15 A B C D E 

CEF '-5D Groundwater -40 A B C D E 

CEF 1-6S Groundwater -15 A B C D E 

CEF 1-7DD Groundwater -120 A B C 0 E 

SW 1-4 Surface water A B C D E 

SW 1-5 Surface water A B C 0 E 

SW 1-6 Surface water A 8 C D E 

SW'-7 Surface water A 8 C 0 E 

SD 1-4 Sediment 8 C D, E 

SD 1-5 Sediment 8 C 0 E 
" 

SD 1-6 Sediment 8 C 0 E 

SD 1-7 ~ Sediment 8 C o ~' E 

CEF 2-1 S Groundwater 4.5-22 A 8 C 0 E 
~-. -

CEF 2-20 Groundwater 7.5-34 ' -' A F 

CEF 2-10 
-...-~. -. ~~;,; ""cOt·:: ::,,";: 40':' • 1' ... ',' ,c' A . '8 C;::'~ 0 E "':~"'" , Groundwater 

' .. _ .-::'-;':-1. t.-: - • " --'-i:;: 

CEF 2-2S - Groundwater -0 . ",c' ,- ..: 15' '-..: ':' cA' 8 C 0"'" E 
~. " . ~..!":- ~~- \ "ii." .-" .,::..A-s: ...... ~ .• ~ . ..... ~. -;;.- -

CEF 2-3S Groundwater -15 ~ 8 C 0 E 

CEF 2-30 Groundwater -40 A 8 C 0 E 
i> 
~ CEF 2-4S Groundwater -15 A 8 C 0 E 
i 
t 

; 

cecFld.SAP ~.IlRt.: ... ;: 
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Table 4-4 (Continued) 
Summary of Proposed Site Investigations and Sample Analytical Requirements 

For Operable Unit 1 

Sampling and Analysis 
NAS Cecil Field 

Jacksonville, Florida 

Sample 
Well 10 Environmental Matrix Interval (BLS) 

CEF 2-5S Groundwater 

SW 2-7 Surface water 

SO 2-7 Sediment 

Notes: A = Field pH, temperature, and specific conductance. 
B = Target compound list for volatiles. 
C = Target compound list for semivolatiles. 
o = Target analyte list for metals. 
E = Cyanide. 
F = Water levels only. 

Cec:iFld. SAP 
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-15 

A B C 0 

A B C 0 

A B C 0 

A B C 0 

E F 

E 

E 

E 



Table 4-5 
Summary of Proposed Site Investigations and Sample Analytical Requirements 

Well 
ID 

CEF 3-1 D 

CEF 3-2D 

CEF 3-3S 

CEF 3-3D 

CEF 3-4S 

CEF 3-5S 

CEF 3-6S 

CEF 3-7DD 

BOR 3-1-1 

BOR 3-1-2 

BOR 3-2-1 

BOR 3-2-2 

BOR 3-3-1 

BOR 3-3-2 

BOR 3-4-1 

BOR 3-4-2 

BOR 3-5-1 

BOR 3-5-2 

BOR 3-6-1 

BOR 3-6-2 

BOR 3-7-1 

BOR 3-7-2 

BOR 3-8-1 

BOR 3-8-2 

CeciFld.SAP 
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Environmental 
Matrix 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

For Operable Unit 2 

Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonville, Floride 

Sample 
Interval (BLS) A B C D E 

10-40 A 

7-42 A 

-15 A B C D E 

-40 A B C D E 

-15 A B C D E 

-15 A B C D E 

-15 A B C D E 

-120 A B C D E 

1.5-4.0 B C D E 

4.0-GW B C 0 E 

1.5-4.0 B C 0 E 

4.0-GW B C D E 

1.5-4.0 B C D E 

4.0-GW B C 0 E 

1.5-4.0 B C 0 E 

4.0-GW B C D E 

1.5-4.0 B C D E 

4.0-GW B C 0 E 

1.5-4.0 B C 0 E 

4.0-GW B C 0 E 

1.5-4.0 B C 0 E 

4.0-GW B C 0 E 

1.5-4.0 B C D E 

4.0-GW B C 0 E 
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F 

F 
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Table 4-5 (Continued) 
Summary of Proposed Site Investigations and Sample Analytical Requirements 

For Operable Unit 2 

Sampling and Analysis Plan 
NAS Cacil Field 

Jacksonville. Rorida 

Well Environmental Sample 
ID Matrix Interval (BLS) A B C D E F 

CEF 5-1 D Groundwater 7-50 A F 

CEF 5-2D Groundwater 7-50 A F 

CEF 5-3S Groundwater -15 A B C D E 

CEF 5-4S Groundwater -15 A B C D E 

CEF 5-5S Groundwater -15 A B C D E 

CEF 5-6S Groundwater -15 A B C D E 

SW 5-1 Surface Water A B C D E 

SW 5-2 Surface water A B C D E 

SD 5-1 Sediment B C D E 

SD 5-2 Sediment B C D E 

BOR 5-1-1 Soil 0-1.5 B C 0 E 

BOR 5-1-2 Soil 2.5-4.0 B C 0 E 

BOR 5-1-3 Soil GW B C 0 .E 

BOR 5-2-1 Soil 0-1.5 B C 0 E 

BOR 5-2-2 Soil 2.5-4.0 B C 0 E 

BOR 5-2-3 Soil GW B C 0 E 

BOR 5-3-1 Soil 0-1.5 B C 0 E 

BOR 5-3-2 Soil 2.5-4.0 B C 0 E 

BOR 5-3-3 Soil GW B C 0 E 

BOR 5-4-1 -Soil 0-1.5 B C 0 E 

BOR 5-4-2 Soil 2.5-4.0 B C 0 E 

BOR 5-4-3 Soil GW B C 0 E 

BOR 5-5-1 Soil 0-1.5 B C 0 E 

BOR 5-5-2 Soil 2.5-4.0 B C 0 E 

BOR 5-5-3 Soil GW B C 0 E 

BOR 5-6-1 Soil 0-1.5 B C 0 E 

BOR 5-6-2 Soil 2.5-4.0 B C 0 E 
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Table 4-5 (Continued) 
Summary of Proposed Site Investigations and Sample Analytical Requirements 

For Operable Unit 2 

Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonville. Florida 

Well Environmental Sample 
ID Matrix Interval (BLS) 

BOR 5-6-3 Soil GW 

BOR 5-7-1 Soil 0-1.5 

BOR 5-7-2 Soil 2.5-4.0 

BOR 5-7-3 Soil GW 

CEF 17-1 S Groundwater 10-15 

CEF 17-2D Groundwater 6-49 

CEF 17-3D Groundwater 3.5-48 

CEF 17-4S Groundwater -15 

CEF 17-5S Groundwater -15 

CEF 17-6S Groundwater -15 

BOR 17-1-1 Soil 0-1.5 

BOR 17-1-2 Soil 2.5-4.0 

BOR 17-2-1 Soil 0-1.5 

BOR 17-2-2 Soil 2.5-4.0 

BOR 17-3-1 Soil 0-1.5 

BOR 17-3-2 Soil 2.5-4.0 

Notes: A = Field pH, temperature, and specific conductance. 

CeciIFld.SAP 
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B = Target compound list for volatiles. 
C = Target compound list for semivolatiles. 
o = Target analyle list for metals. 
E = Cyanide. 
F = Water levels only. 
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A 

A 

A 

A 

A 

A 

A 

B C D E 

B C D E 

B C D E 

B C D E 

B C D E 

B C D E 

B C D E 

B C D E 

B C D E 

B C D E 

B C D E 

B C D E 

B C D E 

B C D E 

B C D E 

F 

F 

F 



Table 4-6 
Summary of Proposed Site Investigations and Sample Analytical Requirements 

Well 
10 

CEF 16-10 

CEF 16-20 

CEF 16-30 

CEF 16-2S 

CEF 16-4S 

CEF 16-5S 

CEF 16-50 

CEF 16-500 

CEF 16-6S 

CEF 16-7S 

SW 16-1 

SO 16-1 

BOR 16-1-1 

BOR 16-1-2 

BOR 16-2-1 

BOR 16-2-2 

BOR 16-3-1 

BOR 16-3-2 

BOR 16-4-1 

BOR 16-4-2 

BOR 16-5-1 

BOR 16-5-2 

BOR 16-6-1 

BOR 16-6-2 
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Environmental 
Matrix 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Surface water 

Sediment 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

For Operable Unit 7 

RifFS Workplan 
NAS Cecil Field 

Jacksonville, Florida 

Screened 
Interval (BLS) A B C 0 E 

6-50 

6.5-50 

7-46.5 

-15 A B C 0 E 

-15 A B C 0 E 

-15 A B C 0 E 

-40 A B C 0 E 

-120 A B C 0 E 

-15 A B C 0 E 

.... 15 A B C 0 E 

B C 0 E 

A B C 0 E 

B C 0 E 

4.5-6.0 B C 0 E 

GW B C 0 E 

4.5-6.0 B C 0 E 

GW B C 0 E 

4.5-6.0 B C 0 E 

GW B C 0 E 

4.5-6.0 B C 0 E 

GW B C 0 E 

4.5-6.0 B C 0 E 

GW B C 0 E 

4.5-6.0 B C 0 E 

GW B C 0 E 
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Table 4-6 (Continued) 
Summary of Proposed Site Investigations and Sample Analytical Requirements 

For Operable Unit 7 

RifFS Workplan 
NAS Cecil Field 

Jacksonville, Florida 

Well Environmental Screened 
10 Matrix Interval (BLS) 

BOR 16-7-1 Soil 1.0-2.0 

BOR 16-8-1 Soil 1.0-2.0 

Notes: A = Field pH, temperature, and specific conductance. 
B = Target compound list for volatiles. 

CeciFld.SAP 
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C = Target compound list for semivolatiles. 
o = Target analyte list for metals. 
E = Cyanide. 
F = Water levels only. 
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B C 0 E 

B C 0 E 
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5.0 SAMPLING EQUIPMENT AND PROCEDURES 

5.1 GENERAL. Sampling procedures for each sample matrix are outlined in this 
chapter. The purpose of this chapter is to provide the field personnel Standard 
Operating Procedures (SOPs) to perform the work. Appendix B includes SOPs of the 
field instruments (i.e., calibration procedures, trouble shooting, etc.). The 
following documents were used to compile the information in this chapter. 

USEPA, February 1, 1991, "Standard Operating Procedures and Quality 
Assurance Manual":, USEPA Region IV. 

USEPA, December 1987, "A Compendium of Superfund Field Operations 
Methods": USEPA/540/P-87/001. 

NEESA, June 1988, "Sampling and Chemical Analysis Quality Assurance 
Requirements for the N~vy Installation Restoration Program. 

5.2 MONITORING WELL INSTALLATION AND DEVELOPMENT. 

5.2.1 Hollow-Stem Auger Drilling Procedures Drilling locations will be marked 
by the field hydrogeo1ogist. The proposed drilling sites are identified at the 
locations shown on Figures 3-1 through 3-5. Physical site access, field 
conditions, or the results of geophysical surveys, may alter their location. 
Utilities, both underground and above ground, will be located prior to drilling. 
The Navy will assist in facilitating utility clearance and drill site location 
selection. 

Drilling will be conducted with a truck-mounted or track-mounted hollow-stem 
auger rig equipped with split-spoon samplers if the site hydrogeo1ogist needs to 
collect a sample for physical examination and OVA or PID readings. All 
information will be documented in a field logbook. The logbook will contain the 
following information: 

borehole number and location; 
description of soils and subsurface conditions; 
type of drilling equipment, driller, and drilling company; 
type and size of well screen; 
depth to well screen; 
drilling and sampling times; 

• depth to water table, date and time measured, and measuring point; 
type of samples taken and time and depths taken; 
volume of water purged and calculations; 
type of sampling equipment and/or cleaning procedures; and 
daily signatures by field personnel. 

5.2.2 Permanent Monitoring Well Installation Permanent monitoring wells will 
be drilled using hollow stem auger techniques. Monitoring wells drilled into the 
secondary artesian aquifer will be double cased to the confining layer. Double 
casing will help prevent cross-contamination between contaminated and 
noncontaminated zones. Mud rotary drilling may be necessary during the drilling 
of wells into the secondary artesian aquifer. Navy guidelines will be adhered 
to with additional -information from the USEPA Region IV guidelines for monitoring 
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well installation (NEESA, 1988; USEPA, 1986). Chapter 5.11 includes the 
decontamination procedures for drilling equipment. 

5.2.2.1 Monitoring Well Materials and Construction Casings with well screens 
appropriate for the formation encountered will be installed in unconsolidated 
soils to prevent soil and other foreign material from entering the well during 
pumping and sampling. The space surrounding the screen will be filter packed 
(Sub-paragraph 5.2.2.4) by means of a tremie pipe to ensure accurate placement. 
The remainder of the space surrounding the casing above the filter pack will be 
sealed with bentonite and then a cement/bentonite (2-5 percent) grout to the 
ground surface. The bentonite seal will be allowed to hydrate the time period 
specified by the manufacturer. Two inch inner diameter (ID) casing will be used 
for the monitoring wells. The field hydrogeo10gist, in coordination with the 
Navy, will determine which deep wells will require 4-inch I.D. casing. Schedule 
40 PVC casing and screens with flush-threaded joints will be installed. Appendix 
D contains justification for use of PVC well construction materials. The screen 
will be No. 10 slot and will be in 5 feet section lengths. Screen length is 
based on previous well installations and may vary based on site-specific geology. 
Both casing and screen will be properly decontaminated prior to installation 
(Paragraph 5.11). 

5.2.2.2 End Plugs and Well Caps The end plug and well cap will be flush 
threaded, Schedule 40 polyvinyl chloride (PVC). Markings, writing, or paint 
strips are not allowed on any of the materials. 

5.2.2.3 Filter Pack Filter pack will be No.1 standard, 98-percent pure silica, 
cleaned with potable water, and will have a uniformity coefficient of 1 to 3 and 
a specific gravity of 2.6 to 2.7. The size of the filter pack will be No.6 to 
20 grade unless otherwise noted in the field. Bentonite pellets will be 90-
percent montmorillonite clay, 1/4-inch in diameter, with a bulk dry density of 
80 pounds per cubic foot, and will have a specific gravity of 1.2 and a pH of 8.5 
to 10.5. Portland cement Type I containing 2 to 5 percent bentonite will be used 
for the grout. 

5.2.2.4 Surface Casing. A locking, l6-gauge steel protective well cover, 
approximately 5 feet in total length, will be installed. The padlocks will be 
brass, corrosion resistant, and keyed alike. The concrete surface pad will be 
3 feet by 4 feet by 6 inches according to ASTM C 150. Two 3/l6-inch weep holes 
will be drilled into the protective well cover above the concrete surface pad. 
A protective steel post (2-inch diameter, 6-foot length, 1/4-inch thickness, and 
concrete filled) will be installed near the well. The casing will be painted 
with high visibility yellow epoxy paint AASHTO M220. A well designation sign of 
sheet aluminum, 1/8 inch by 18 inches by 6 inches, will be stamped with the well 
designation in 4-inch letters and numbers. 

5.2.3 Well Development Well development will begin no sooner than 24 hours, but 
no later than 48 hours after placement of the grout. Wells are developed by 
excessive· pumping. The development process will result in wells that are 
relatively clean and as sediment free as possible. Periodic readings (every 5 
minutes) of groundwater pH, temperature, and specific conductance will be 
obtained during development. Stabilization of these parameters and sediment-free 
water indicate proper development. 
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5.2.4 Lithologic Logs and Well Completion Diagrams Figures 5-1, 5-2, and 5-3 
show the Navy's requirements for lithologic logs and well completion diagrams. 
These will be completed by the field hydrogeo1ogist. Figure 5-4 shows the 
planned well construction diagram to be used for this site. 

Lithologic samples will be collected every 5 feet (a minimum of three samples per 
site) and archived for future reference. 

5.3 AQUIFER TESTING. Slug tests will be conducted at three monitoring wells per 
operable unit. The procedure for conducting a rising head slug test is detailed 
:n Attachment 2 in Appendix C. 

5.4 GROUNDWATER SAMPLING. 

5.4.1 Water Level Measurement Prior to purging a well for sampling, water level 
and total well depth readings will be taken from the top of casing (TOC). This 
measuring point will be located consistently on each well from permanently 
established reference marks. The reference point will be the north side of the 
well casing if possible and documented in field records. The measurement from 
the TOC to ground level will also be recorded. All water levels will be made and 
recorded to the nearest 0.01 foot. 

Water level measurements will be made using either a stainless steel tape or 
electrical water level indicator. The electrical water level indicator consists 
of a spool of dual conductor wire, a probe attached to the end, and an indicator. 
When the probe comes in contact with the water, the circuit is closed and a meter 
light and/or buzzer attached to the spool will signal the contact. Either piece 
of equipment used will be decontaminated between wells. 

At wells where an oily layer is present, an oil-water interface probe will be 
used. The top of the oil level can be determined and also the thickness of the 
oil by then determining the top of water. These wells should be sampled last to 
avoid possible cross-contamination of the equipment. Section 5.9 details the 
specifics of survey information related to water level measurements. 

All devices used to measure groundwater levels will be calibrated against the 
Invar~ steel surveyor's chain. These devices will be calibrated to 0.01 foot 
per 10-foot length. Before each use, these devices will be prepared according 
to the manufacturer's instructions (if applicable) and checked for obvious 
damage. 

All equipment entering the monitoring wells will be decontaminated onsite. 

5.4.2 Purging Wells will be purged before taking samples in order to clear the 
well of stagnant water that has been standing in the well casing and may not be 
representative of aquifer conditions. Wells will be purged until three to five 
times the volume of standing water in the well have been removed and until the 
pH, temperature, and specific conductance measurements of the groundwater being 
developed stabilize. If a well is pumped dry, this constitutes an adequate purge 
and the well can be sampled following the recovery. 
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The wells will either be purged with a bailer or a pump. Standard, decontaminat­
ed, stainless steel or Teflonrn bailers with new nylon rope will be lowered into 
the top of the water column, allowed to fill, and then removed. The purged water 
will be discarded onsite. A centrifugal pump will be used to purge the higher 
producing wells. Only the intake line will be placed into the water column. 

In order to purge wells, the volume of water in the well will be calculated. To 
determine the volume, the following method will be used: measure the distance 
from the bottom of the well to the static water level, then measure the inside 
diameter of the well or casing. Obtain the volume of the well by the formula: 

where v = volume of water in cubic feet, 
r = radius of well in feet, and 
h depth of water column in feet. 

To convert to gallons, multiply v by 7.48 gallons per cubic foot. 

(1) 

The pumping rate of a pump during well development will be determined by 
collecting the flow of water from the pump in a bucket of known volume and 
measuring the time it takes to fill the bucket. The result will be flow rate in 
gallons per minute. 

5.4.3 Sample Collection Procedures Tables 4-4 through and 4-6 list the existing 
and proposed monitoring wells to be sampled and the required analyses. Some of 
the existing wells will only have water levels measured. Following purging, 
samples will be collected using a closed-top Teflonl'M bailer. Samples for 
volatile organic compounds will be collected using a closed-top bottom 
discharging Teflonl'M bailer. VOA samples will be collected first, extractables 
next, then all pesticides and PCBs (including herbicides, fungicides, and 
fumigants), metals, cyanide, and total recoverable petroleum hydrocarbons (TRPH). 
All samples will be placed in coolers out of the sun and iced as soon as possible 
after collection. All equipment will be decontaminated prior to the sampling of 
each well (Section 5.11). When bailing, new foil or plastic sheeting will be 
placed on the ground around each well to prevent contamination of sampling 
equipment during bailing in the event any equipment is dropped or otherwise comes 
in contact with the ground. The closed top Teflonl'M bailer will have a leader 
of Teflonl'M coated wire on which braided nylon cord will be affixed and used to 
raise and lower the bailer into the well without contacting the groundwater with 
the nylon cord. The nylon cord will be discarded between wells. 

Metals samples will be preserved with nitric acid (HN03 ) to a pH of less than 2. 
The cyanide samples will be preserved with sodium hydroxide (NaOH) to a pH of 
greater than 12. The phenols and creso1s are preserved with sulfuric acid 
(H2S04 ) to a pH of less than 2 (see Table 5-1). All samples requiring 
preservation will be preserved and the pH will be measured in the field. 

5.4.4 Quality Assurance/Quality Control (QA/QC) The Quality Assurance/Quality 
Control (QA/QC) organization is depicted in Figure 5-5. The field operations 
header is responsible for ensuring that all field procedures comply with standard 
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Parameter 

Purgeable halocarbons, purgeable 
aromatics, EDB 

PCB/pesticidas, and chlorinated 
herbicides 

Organophosphorus pesticides 

Nitroaromatics 

Metals 

Cyanide 

Cresols; Phenols 

Total Recoverable Patroleum 
Hydrocarbons 

CeciFld.SAP 
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Table 5-1 
Sample Containers, Preservatives, and Holding Times 

Sampling and Analysis Plan 
NAS Cacil Field 

Jacksonville, Florida 

Container 

Water; two 40-ml glass viels with 
Teflon ..... -lined septa 

Soil; one 16-oz. (full) wide-mouth 
glass jar, Teflon ..... -lined lid 

Water; one gallon glass amber jar 

Soil; one 16-oz. wide-mouth glass 
jar, Teflon ..... -lined lid 

Water; one 80-oz. amber jar 
Teflon ..... -lined lids 

Soil; one 16-oz. wid a-mouth glass 
jar, Teflon ..... -linad lid 

Watar; one 80-oz. glass ambar jar 

Soil; one 16-oz. wide-mouth glass 
jar, Taflon ..... lined lid 

Water; ona 1-liter polyethylene 
bottle 

Soil; one 16-oz. wide-mouth glass 
jar, Teflon ..... -lined lid 

Wide; one 1-litar polyethylene 
bottle 

Soil; one 8-oz. wide-mouth glass 
jar, Teflon'N-lined lid 

Water; two 1-liter amber glass jars 

Soil; one 16-oz. wide-mouth glass 
jar, Teflon ..... -lined lid 

Water; one 1-liter amber glass jar 

5-9 

Preservative 

Cool, 4 °C HCL to pH < 2 

Cool, 4 °C 

Cool, 4 °C 

Cool, 4 °C 

Cool, 4 °C 

Cool, 4 °C 

Cool, 4 °C 

Cool, 4 °C 

50% solution HN03 to 
pH < 2; cool, 4 °C 

Cool, 4 °C 

NaOH to pH> 12 Cool, 
4°C, add 0.6 g ascorbic 
acid if residual chlorine 
presant 

Cool, 4 °C 

H2S04 (Phenols - 50% 
solution) to pH < 2; cool 
4°C 

Cool, 4 °C 

Cool, 4 °C 

Cool, 4 °C 

Holding Time 

10 days 

10 days 

Extract within 10 days, 
analyza 40 days 

Extract within 10 days, 
analyze 40 days 

Extract within 10 days, 
analyze 40 days 

Extract within 10 days, 
analyze 40 days 

Extract within 10 days, 
analyze 40 days 

Extract within 10 days, 
analyza 40 days 

6 months 

6 months 

14 days 

14 days 

28 days 

28 days 

28 days 

Extract within 7 days, 
IInalyze 40 days 



Parameter 

Polynuclear Aromatic Hydrocarbons 

Notes: ED8 - ethylene dibromide. 
ml - milliliter. 
HCL - hydrochloric acid. 
oz. - ounce. 
PCB = polychlorineted biphenyl. 
HNO. - nitric acid. 
NaOH ~ sodium hydroxide. 
H2SO. = 8ulfuric acid. 

CeciFId.SAP 
F04.FGB.OB.91 

Table 5-1 (Continued) 
Sample Containers. Preservatives. and Holding Times 

Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonville, Florida 

Container 

Soil; one l6-oz. wide-mouth glass 
jar, Teflon™-lined lid 

5-10 

Preservative 

Cool, 4 °C 

Holding Time 

28 days 
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operating procedures (SOP). Table 5-2 lists the estimated QA/QC sample 
requirements for the proposed and existing wells. 

5.5 SURFACE WATER AND SEDIMENT SAMPLING. Surface water and sediment sampling 
will consist of sample collection (for laboratory analyses) as well as the 
collection of flow characteristics of the streams at Sites 1, 2, 5, and 16 (see 
Figure 3 -19) . The proposed sampling locations and analyses are described in 
Chapters 3 and 4. The actual location will be based upon field conditions and 
the need to collect representative samples as described in these sections. 

5.5.1 Flow Measurements Flow measurements will be collected at each surface 
water sampling point. They are based on determining cross-sectional area and 
velocity across that area. For open channels, especially the smaller ones, the 
surface water flow is best measured directly using a current meter. 

5.5.1.1 Current Meter Flow measurements will be obtained using a current meter 
at a location in the stream where the dimensions are not likely to change during 
the time period in which flow measurements will be taken. The locations will 
also be selected to ensure that representative chemical samples are collected. 
A site will be selected that exhibits the greatest degree of cross-sectional 
homogeneity. Mixing zones will be taken into account and this is principally 
governed by turbulence and water velocity. The selection of a site immediately 
downstream of a riffle area insures good vertical mixing. This is also the best 
sediment sampling location. 

The cross-sectional area of the stream will be determined by measuring the depth 
of the water at several equidistant points across the stream. The number of 
readings to be taken to increase accuracy will depend on the width of the stream, 
from two or three for streams less than 5-feet across to 15 to 25 for streams 
wider than 50 feet across. Ideally, the stream should be partitioned into 
sections small enough that less than 10 percent of the total stream flow passes 
through each section. Width and depth are expressed in terms of meters or feet, 
and the cross-sectional area is expressed as square meters or square feet. 

Velocity is measured by head differential or pressure differential relationships 
in the stream. The velocity is obtained by placing the probe of the meter into 
the stream at a calculated depth at each of the sampling locations determined 
above and taking a reading. The person measuring the velocity should be located 
downstream of the probe. The placement depth of the probe is at a point 0.6 of 
the total depth below the surface. The velocity reading will be in meters per 
second or feet per second. When the cross-sectional area for each subsection is 
multiplied by the flow velocity for each subsection, their product is the 
volumetric flow rate for each subsection. The total discharge flow is the sum 
of all individual subsection flows, whereas the average stream velocity is that 
sum (total discharge) divided by the total cross-sectional area, expressed as 
cubic meters per second or cubic feet per second. 

5.5.1.2 Water Stage Gauge One stage gauge will be installed onto the bridge 
buttress downstream of Site 1. The gauge will be surveyed as described in 
Section 5.9. The gauge will be a rigid rod or board, precisely graduated, and 
firmly mounted as a permanent reference point. 
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Table 5-2 
Estimated Summary of Groundwater and QA/QC Analyses 

Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonville. Florida 

Analysis 

B C D E 

Total number of groundwater analyses 38 38 38 38 

Number of QA/OC trip blank samples 4 4 4 0 

Number of QA/OC rinsates 4 4 4 4 

Number of OA/OC field blanks· 2 2 2 2 

Number of QA/OC field duplicates (blind) 4 4 4 4 

Number of OA/OC additional laboratory vol· 
ume samples 1 1 

Total QA/OC samples 14 14 14 11 

Total GW samples 38 38 38 38 

Total GW and OA/OC 52 52 52 49 

Notes: Analyses types (A·Q) are listed in Chapter 4. 
At a minimum of one sample for each source water for a given sampling event. 

• = Normally there are two field blank8 per event; a 8ample of potable water u8ed in cleaning 
and a 8ample of ASTM Type II water for decontamination. 

c.ciF1cI.SAP 
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B = Target compound li8t for volatile8. 
C = Target compound 1i8t for 8emivolatiles. 
o = Target analyte li8t for metals. 
E = Cyanide. 
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5.5.2 Sample Collection Procedures Sites 1, 2, 5, and 16 have surface water and 
sediment sampling locations. This section pertains to the sample collection 
procedures for surface water and sediments. Proposed locations at each site are 
identified in Chapter 3. 

5.5.2.1 Surface Vater Table 5-3 lists the laboratory analysis requirements for 
surface water samples collected at sites identified above. Samples are collected 
directly into the sample containers, which are pointed upstream. Preservatives 
will be added to the samples as required based on intended analysis, and pH will 
be checked after collecting the samples. In addition to flow measurements, pH, 
temperature, and specific conductance will be measured in the field. 

5.5.2.2 Sediment Table 5-4 lists the chemical analyses required at each site 
for sediment sampling. Sites that are located immediately upstream or downstream 
from the confluence of two streams or rivers should generally be avoided because 
flows from two tributaries may not immediately mix, and the sediment may be 
moving almost as two streams in proportion to the inflow from the tributaries. 
Potential sites upstream from the confluence with another stream may also be 
unsui table at times due to possible backf1ow, which can upset the normal movement 
of sediment. A sediment sample will be collected at the center of a small 
channel. 

To collect a sediment sample from a stream bed, scooping will be used for shallow 
locations. If the water is wadeable, the sediment sample will be collected by 
scooping using a stainless-steel spoon or grain scoop. This will reduce the 
potential for cross-contamination. This method is accomplished by wading into 
the stream and, while facing upstream (into the current), scooping the sample 
along the stream bottom in the upstream direction. If the stream is too deep to 
wade but less than 8-feet deep, a stainless steel grain scoop attached to a piece 
of conduit will be used. 

If the stream has a significant flow and is too deep to wade, a stainless steel 
Ponar~ dredge will be used to collect sediment samples. Care will be taken to 
minimize disturbance of sediments during sample collection. 

5.5.3 Sample Mixing Sediments collected for chemical analysis (except those 
collected for VOAs) will be thoroughly mixed before being placed in the 
appropriate sample containers (Section 5.10). The sediment sample will be 
removed from the sampling device and placed in a glass or Teflon'l'H-coated 
stainless-steel pan, then thoroughly mixed using a stainless-steel or Tef1on~­
coated, stainless-steel spoon. The sediment in the pan will be scraped from the 
sides, corners, and bottom of the pan, rolled to the middle of the pan, and 
initially mixed. The sample will be quartered and moved to the four corners of 
the pan. Each quarter of the sample will be mixed individually. Each quarter 
is then rolled to the center of the pan and the entire sample mixed again. This 
procedure is continued to ensure that all parts of the sample are mixed and that 
the sample is as homogeneous. as possible before being placed in the sample 
containers. Sediment samples are then placed in the same type of sample contain­
ers listed for soil samples (see Table 5-1). 

5.5.4 Quality Assurance/Quality Control (QA/QC). Tables 5-3 and 5-4 list the 
estimated QA/QC requirements for surface water and sediment sampling. 
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Table 5-3 
Estimated Summary of Surface Water and Quality Assurance/Quality Control 

(OA/QC) Analyses 

Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonville, Florida 

Total number of surface water analyses 

Number of QA/QC trip blank samples 

Number of QA/OC equipment rinsates 

Number of QA/OC field blanks 

Number of OA/OC field duplicates (blind) 

Number of QA/OC additional laboratory 
volume samples 

Total OA/OC samples 

Total SW samples 

Total SW and OA/OC 

Not •• : 8 • Target compound liet for volatile •• 
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o • Target .~Iyt. IJet for mete •. 
E = Cyanide. 
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6 

8 
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o 
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8 

14 

E 

8 

o 

2 

5 

8 

13 



Table 5-4 
Estimated Summary of Sediment and QAtOe Analyses 

Sampling and Analysis Plan 
NAS Cecil Field 

Jacksonville, Florida 

Analysis 

B 

Total number of sediment analyses 8 

Number of QA/OC trip blank samples 

Number of OA/OC equipment rinsates 

Number of QA/OC field blanks 2 

Number of OA/OC field duplicates 
(blind) 

Number of OA/OC additional labo-
ratory volume samples 0 

Total QA/OC samples 5 

Total SD samples 8 

Total SD and OAtOC 13 

Notes: B = Target compound list for volatiles. 
C = Target compound list for semivolatiles. 
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o = Target analyte list for metals. 
E = Cyanide. 
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C D 

8 8 

2 2 

0 0 

5 5 

8 8 

13 13 

E 

8 

0 
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5.6 SHALLOW SOIL SAMPLING. Shallow surface ~oil to shallow subsurface soil 
sampling will be conducted at Sites 3, 5, 16, and 17. Table 5-6 identifies the 
estimated QA/QC analysis required. 

Prior to sampling, leaves, grass, and surface debris will be removed from the 
area to be sampled using a clean stainless-steel spoon or shovel. Surface soils 
will then be collected using a precleaned, stainless-steel scoop or spoon. 
Shallow subsurface soil samples will be collected at the desired depths by using 
a stainless-steel hand auger. All proper decontamination of sampling apparatus 
will be conducted between sample borings and sample depths (see Section 5.11). 

5.6.1 Stainless-Steel Hand Auger The stainless-steel hand auger consists of 
three basic parts: (1) the bucket, (2) extension, and (3) handle. At the bottom 
end of the bucket are two cutting edges. Samples are obtained by turning the 
cross arm at the same time the operator presses the auger into the ground. When 
sampling deeper subsurface soils, a number of 3-foot extensions may be joined 
end-to-end to increase the depth from which soil may be sampled. The depths 
likely to be encountered for these sites are very shallow (i.e., approximately 
5 feet). 

5.6.2 Sample Compositing Volatile samples will be collected as grab samples, 
whereas all other chemical analyses will be composited by mixing the appropriate 
depths in a glass or Tef10n™ coated stainless-steel pan, then mixed with· a 
Teflon™ or stainless-steel spoon. This material can then be transferred to the 
appropriate sample container. 

5.6.3 Auxiliary Data Lithologic logs will be recorded during sample collection. 
In addit~on, OVA/PID readings will be listed in the field notebook and on the 
logs. Figure 5-1 shows a typical soil boring log as required by the Navy. 

5.7 SUBSURFACE GAS TESTING. Soil gas surveys are proposed for Sites 3, 5, 16, 
and 17. A soil gas survey consists of a probe driven into the ground above the 
water table. The probe is purged for several minutes by connecting the probe to 
a vacuum pump. After a suitable purge time, a soil gas sample is collected with 
a gas-tight syringe. The syringe sample is then injected into a portable gas 
chromatograph (GC). The results are plotted onto a map. 

5.8 AIR QUALITY. This section describes field air quality monitoring and air 
sampling activities related to site characterization activities. The methods and 
equipment necessary for real-time air quality monitoring in the field are 
discussed in the HASP. With regard to site characterization activities, 
real-time monitoring will help in selection of sampling locations and screening 
of samples (1. e., screening of split-spoon samples to select samples for 
laboratory analysis) and health and safety issues. 

5.8.1 Sample Screening Initial air monitoring activities will focus on screen­
ing soil samples at all sites, and providing reconnaissance information should 
off-gassing occur at select sites. This screening will help to refine or 
redefine the air monitoring requirements for the remedial response activities. 
The screening will be accomplished using a flame ionization detector (FID) (i.e., 
OVA), PID (i.e., HNU), and possibly an OVA using the gas chromatograph mode if 
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Table 5-5 
Estimated Summary of Soil Boring and Quality Assurance/Quality Control 

(OA/QC) Analyses 

Sampling and Analysis Plan 
NAS Cacil Field 

Jacksonville, Florida 

Total number of soil boring analyses 

Number of OA/OC trip blank samples 

Number of CA/OC rinsates 

Number of OA/OC field blanks 

Number of CA/OC field duplicates (blind) 

Number of CA/OC additional laboratory 
volume samples 

Total OA/OC samples 

Total boring samples 

Total boring and OA/OC 
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off-gassing is suspected. The results of the screening will provide input to the 
Health and Safety Plan. 

5.9 GEOPHYSICS. EM, GPR, and PCPT are proposed for use at the sites identified 
below. The specific instruments to be used, the proposed grid and/or location 
of the surveys, and the methods to be employed will be described in a proposal 
from the geophysical consultant following site inspection. The project manager 
and the Navy Engineer-in-Charge (EIC) will approve the program. The use of the 
surveys is described below. 

EM surveys will be conducted at the Landfills (Sites 1 and 2). The survey is 
intended for use as a reconnaissance tool to locate the areal extent of the 
source at the surface. EM surveys can be used to map local and general changes 
in the natural hydrogeologic setting by measuring differences in near surface 
conductivities and can be used to detect and measure boundaries of a conductivity 
plume. This information allows for improved target sample borehole and 
monitoring well location selection. 

GPR surveys are proposed for Sites 3, 5, and 16. GPR is a non-intrusive survey 
capable of discriminating changes within the soil's micro-horizons. An abrupt 
profile change represents disturbed soil, which may indicate the edge of a trench 
or pit. GPR can often discriminate small objects, consequently, it is used to 
find buried objects such as drums. 

PCPT is proposed for use at Sites 1 and 2. PCPT will be used to help evaluate 
natural soil and geologic conditions around these sites. 

5.10 SURVEYING. All monitoring well locations and elevations, surface water 
sampling locations, and soil sampling locations will be surveyed by a State of 
Florida registered surveyor. Datum for elevation control is the National 
Geodetic Vertical Datum (NGVD) of 1929, formerly known as 1929 sea level datum, 
established by the U. S. Coastal and Geodetic Survey. Benchmarks of known 
elevation will be used. If no benchmark is located in the vicinity, an arbitrary 
temporary benchmark will be established on a permanent location (i.e., bridge 
wingwall, foundation, or corner post). The location of all benchmarks used will 
be shown on the site sketch map. When practical, elevation surveys will be 
conducted to form a circuit. That is, the survey line will close back to a bench 
mark. Horizontal locations will be accurate to I foot, and vertical elevations 
will be accurate to 0.01 foot. 

Surveyors will follow all onsite OSHA health and safety regulations associated 
with a hazardous waste site. 

5.11 EQUIPMENT, SAMPLING SUPPLIES. AND DECONTAMINATION LISTS. Table 5-1 lists 
the sample container requirements. Table 5-7 lists the types of equipment 
necessary for field work. 

5.12 DECONTAMINATION PROCEDURES. All down-hole drilling equipment (the drill 
rig, tools, drill pipe, casing, development equipment, well sounder, etc.) will 
be decontaminated by a steam cleaner with the capability of adding a deionized 
water or isopropanol rinse. Decontamination of the drill rig will take place 
prior to beginning work, between each well location, and after the last well is 
completed. A semi-permanent "decon" pad will be constructed at a location 

CeciIFlcl.SAP 
F04.FGB.OB.91 5-19 



Equipmant 

OVA/PID 
Bailers 
Well keys 
Well sounders 
Engineers tape 
Conductivity meters 
Thermometers 
Gaophysical equipment 
Logbook and field forms 
Preservatives 
Camera and film 
Sample containers 
Coolers 
Bubble wrap 
Referance check samples 
Calculator 
Tools 
Drums 
pH meters 

Table 5-7 
Sampling Equipment and Decontamination Supplies 

Sampling and Analysis Plan 
NAS Cacil Field 

Jacksonville, Florida 

Personal Protective Equipment 

Booties 
Tyvek™ 
Latex gloves 
Surgical gloves 
APR/Cartridges (GMC-H) 
Hard hats 

Sampling Supplies 

Aluminum foil 
Sharpies 
Pens 
Polyathylene bags 
Trash bags 
Sample paperwork 
Duct tape 
Strapping tape 
Wide clear tape 
Ice 
Paper towels 
Nylon rope 
pH Paper (range 0-14) 

Notes: OV MID - organic vapor analyzar/photoionization detector. 
APR - Air purifying respirator 
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Dacontamination Supplies 

Buckets (stainless steel) 
Liquinox™ or Alconox™ 
Isopropanol 
Organic-free water 
Deionized water 
Spray bottles 
Plastic sheeting 
Brushes 
Plywood 



determined in coordination with the Navy. The drill rig will be driven to this 
location and decontaminated between wells. The location of this pad should 
minimize the distance the rig must travel on any road. 

The decon pad will consist of lO-millimeter polyethylene sheeting on top of 
plywood sheets large enough to accommodate a drill rig. The ground will slope 
to one end creating a sump pump collection area. The decontamination water can 
be pumped into 55-gallon drums from the sump. Sheets of plywood can be set up 
against fences (if fences are present) to decrease the chances of wind blowing 
the steam mist into other areas. All decontamination waste will be contained and 
handled according to Chapter 7. 

Decontamination procedures are used on all pieces of equipment that may come into 
contact with other materials and cause cross-contamination. This includes drill 
rig, drill pipe, augers, casing, bailers, and the outside of sample containers. 

Materials used in the decontamination process include: 

phosphate-free detergent (i.e., Alconox~ or Liquinox~), 
standard cleaning solvent (pesticide-grade isopropanol), 
tap water from any municipal water treatment system, 
brushes that are not wire wrapped, 
stainless steel wash tubs, and 
organic free water. 

5.12.1 Drilling and Monitoring Well Installation Equipment 

5.12.1.1 Equipment Decontamination All drilling equipment and materials will be 
decontaminated before any drilling operations and between borings. All tools 
used for soil sampling and packaging, including split-spoon samplers, sample-cut­
ting knives, etc., will be decontaminated before collecting each sample. Well 
casing, screens, and fittings are to be delivered to the site free from inks and 
printing and in a clean condition. They will be decontaminated onsite in the 
presence of an ABB-ES representative. Equipment cleaning and decontamination 
will be conducted in a designated area, downgradient and downwind from the clean 
equipment drying and storage area. 

The drilling auger, bits, drill pipe, and other drilling equipment that will go 
into the borehole will be cleaned before mobilization onsite. Between borings 
and at the completion of work, the equipment will again be cleaned. The drilling 
subcontractor will scrape and remove all earthen materials from the equipment, 
and hose down equipment with a portable, high-pressure, hot water washer (steam 
cleaner) prior to decontaminating the equipment as described in the following 
paragraphs. 

The cleaning of the drilling equipment will take place at the central decon­
tamination area. Equipment that is reused (i.e. split-spoon sampler used for 
lithologic sampling) at each drilling location will be cleaned at each individual 
drill site. 

Soil sampling equipment will be decontaminated at the individual drilling sites. 
The sampling equipment decontamination line will be set up as follows for 
cleaning equipment. 
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1. A source of potable water will be supplied by the drilling subcontrac­
tor for washdown of sampling equipment. 

2. A wash tub will be filled to a depth of about 6 inches with potable 
water and a Liquinoxrn or Alconoxrn detergent solution. 

3. Supplies of pesticide -grade isopropanol will be placed in separate 
Teflonrn spray bottles. 

4. Separate tubs will be provided to contain water and solvent rinsates. 

5. Organic-free water will be stored onsite in glass or stainless steel 
containers. 

All equipment associated with drilling activities should be inspected prior to 
coming onsite to ensure that all oil, grease, hydraulic fluid, etc. has been 
removed, all gaskets and seals are intact, and no fluids are leaking. If the 
surfaces of downhole augering, drilling, and sampling equipment are painted, 
badly rusted, or coated with materials that cannot be removed by the steam clean­
ing and wire-brush method, they must be sandblasted. The drill rig must be steam 
cleaned prior to drilling each borehole. All soil, sediment, surface water, and 
groundwater sampling equipment that is painted, badly rusted, or coated with 
materials that cannot be removed by the steam cleaning and wire-brush method must: 
be sandblasted. The following decontamination procedures apply to all soil, 
sediment, surface water, and groundwater sampling equipment and all downhole 
drilling, sampling, and well construction equipment that may come in contact with 
the downhole equipment or sample medium. Equipment should be decontaminated 
prior to collecting each sample or prior to drilling each borehole. 

1. Clean the equipment with tap water and laboratory grade, phosphate free 
detergent, using a brush, if necessary, to remove particulate matter 
and surface films. Steam cleaning may be necessary to remove matter 
that is difficult to remove with a brush. 

2. Rinse thoroughly with potable tap water. 

3. Rinse twice with solvent (preferably pesticide grade isopropanol). 

4. Triple-rinse the equipment thoroughly with organic-free water and allow 
to air dry as long as possible. Do not final rinse equipment with 
deionized or distilled water. Organic-free water can be processed 
on-site by purchasing or leasing a mobile deionization organic 
filtration system. In some cases when organic-free water is unavail­
able, it is permissible (with approval) to omit the organic-free water 
rinse and let the equipment air dry before use. 

5. Wrap the equipment with aluminum foil, if appropriate, to prevent 
contamination if equipment is going to be stored or transported. Clean 
plastic may be used to wrap augers, drill stems, casings, etc., once 
they have air dried. 

6. Well casing, tremie tubing, etc., that are made of plastic (PVC) shall 
not be solvent rinsed during the cleaning and decontamination process. 
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Used plastic materials that cannot be cleaned and are questionable 
should be discarded. 

7. For all well casing, tremie tubing, etc., that arrive onsite with 
printing and/or writing on them, the printing and/or writing should be 
removed before Step 1 above. Emery cloth or sandpaper can be used to 
remove the printing and/or writing. Most well material suppliers can 
supply materials without printing and/or writing if it is specified 
when the materials are ordered. 

5.12.2 Well Development and Aquifer Testing Equipment All equipment used for 
well development will be decontaminated before and after use at each well. This 
will include, but is not limited to, decontamination of all pumps, purging 
bailers, and downhole piping. A new rope will be used at each well location. 

The decontamination procedures will be similar to those described for drilling 
equipment (steam clean, detergent wash, solvent rinse, and organic-free water 
triple-rinse). 

5.12.3 Water Level Measurement Equipment The electrical (sounding) tape or steel 
tape used to measure water levels will be cleaned before and after use at each 
well to avoid chemical cross contamination between wells. The following 
procedures will be used. 

1. Wash the tape with laboratory-grade detergent and tap water. 

2. Rinse with tap water. 

3. Triple-rinse with organic-free water. 

4. Place the tape in a polyethylene bag for storage or transportation. 

5.12.4 Water Sampling Equipment Tef10n~ bailers will be decontaminated before 
and after each use as follows. 

1. Wash with laboratory-grade detergent (Liquinox~) and tap water, using 
a brush if necessary to remove particulate matter and surface film. 

2. Rinse thoroughly with tap water. 

3. Rinse thoroughly with organic-free water. 

4. Rinse with solvent (preferably pesticide-grade isopropanol) 

5. Rinse thoroughly with organic-free water and allow to air dry as long 
as possible. If organic-free water is not available, allow equipment 
to air dry as long as possible. Do not rinse equipment with deionized 
or distilled water. 

6. Wrap equipment in aluminum foil to prevent contamination during storage 
or transport. 
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The hoisting line for the bailer will be made of 1/4-inch nylon cord. A new 
piece of nylon cord will be used for each well. The nylon cord will then be 
disposed of when sampling is completed at each well. A Teflon™ coated wire 
leader will be attached to the bailer and the nylon cord to prevent the cord from 
contacting groundwater. 

5.12.5 Sampling Jars and Containers The outside of sampling jars and containers 
used for sending samples to the contract laboratory will be decontaminated after 
the sample is taken and the lid is tight. Decontamination procedures will 
consist of the following. 

1. Scrub the containers wi th detergent (LiquinoxTM) solution and brush them 
if the outside of the sample container is excessively contaminated with 
soil or sediment. 

2. Rinse with potable water. 

3. Rinse with organic-free water. Air dry. 

4. Place container in a polyethylene bag and then in a cooler. 

A separate decontamination tub will be set up for these samples. 

5.12.6 Personnel Decontamination The personnel decontamination procedures to be 
used at the site will be performed at each drilling location or other sampling 
sites before leaving the investigation areas. The contractor and each subcon­
tractor will provide all protective clothing for their own personnel and the 
equipment necessary to comply with decontamination procedures specified in the 
HASP. 

The following personnel decontamination procedures will be followed. 

Remove disposable booties (if used) and place into plastic bag for 
disposal. 

2. Wash neoprene boots with detergent solution and rinse with clean water. 

3. Wash outer gloves in detergent solution and rinse in clean water. 
Remove outer gloves and place into plastic bag for disposal or retain 
for subsequent reuse. 

4. Take off the air purifying respirator belt (if used) or self-contained 
breathing apparatus straps (if used) and remove coveralls. Starting at 
the neck, roll the coveralls off the person from the inside out and 
down past the boots. Take care to prevent the release and dispersion 
of dusts, which may have accumulated on the coveralls, and do not 
contaminate clothing inside the coveralls during removal. Place 
coveralls into the disposable plastic bag. Remove boots and retain for 
subsequent reuse. 
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5. Remove the respirator (if used) and place the spent filters into the 
plastic bag destined for disposal. Place the respirator onto the 
reusable table or into a separate plastic bag for later cleaning and 
disinfection. 

6. Remove surgeon's gloves. 

7. Thoroughly wash hands and face. 

8. Place all independent disposable bags that were not onsite into one 
larger bag. Any of the materials from wells with a greater than 5 
parts per million (ppm) total organics field instrument reading will be 
placed in a 55 - gallon drum with drummed solid wastes for eventual 
disposal by the Navy. 
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6.0 SAMPLE HANDLING 

6.1 SAMPLE PAPERWORK 

6.1.1 Chain-oi-Custody (COC) After the sample is collected in the field and the 
outside of the sample container properly decontaminated, documentation for sample 
shipment is completed. A COC record must be prepared for every sample cooler to 
maintain the legal transfer of the sample from the field team to the laboratory. 
The COC lists each sample in that cooler. The COC record is used to record the 
custody of samples and will accompany samples at all times. The COC record will 
contain the following information: 

project name; 

signature of samplers; 

sampling station number or sample number, date and time of collection, 
grab or composite sample designation, and a brief description of the 
type of sample and sampling location; 

analysis to be performed; 

signatures of individuals involved in sample transfer (i. e., relin­
quishing and accepting samples) (individuals receiving the samples will 
sign, date, and note the time that they received the samples on the 
form); 

sample label number; and 

matrix. 

The analyses listed on the COC serve as an official communication to the 
laboratory of the particular analyses required for each sample and provide 
further evidence that the COC is complete. COC records initiated in the field 
will be placed in a plastic cover and taped to the inside of the shipping 
container used for sample transport from the field to the laboratory. Copies of 
these COC records will be kept with the sampling team should questions arise. 
The laboratory will return the original signed COC records with the data 
packages. Figure 6-1 shows an example of the contractor COC record. This can 
be modified for use by the Navy. Figure 6-2 shows an example of a sample label. 

6.1.2 Sample Labels Samples, other than those collected for field measurements 
or analyses, are identified by using a standard sample label attached to the 
sample container. The sample labels are sequentially numbered and are 
accountable (i.e., if a mistake is made, write "void" on the paperwork and keep 
it in the project files). The following information will be included on the 
sample label: 
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PAOJECTNO. IPROJECT NAME SAMI'lE TYPE 

REMARKS 

IIMFLEAI(llllNATUAEI NO. 
Of' INOICATE 

CON· SOIUWATERIAIR 

~ 
m TAINERS SEDIUENTlSlUOGE 

STA.NO. DATE TIME ~ STATION lOCATION 

IW.INQI.aIED BY: (llllNATUIEI DATEITIME RECEIVED BY: (SklNAlUAE, RELINCUISHED BY: (SklNATURE, DATElTIME RECEIVED BY: CSlQNATUREI 

I I 
'·':IIIUMT .... , DA~ RECEIVED BY: IIIIGNATURE, REUNaUISHED BY: fSlGNA TURE, DATElTIUE RECEIVED BY: ,SIGNATURE, 

I I 
BY: (8IIINAll1AE) DATEIIlME ~~ FORDlSPOSAl~: DAj'ME IREMARICS 

I 
ABB Environmental Services, Inc. 

FIGURE 6-1 SAMPLING AND ANALYSIS i 

PLAN 

CHAIN-Of-CUSTODY RECORD NAS CECL FIELD 
JACKSONVILLE, FLORIDA 

------ -------



CLlENT _________ _ 

DATE ________________ _ 

SAMPLE SITE ________ _ 

SAMPLER _____________ __ 

PRES" __________________ __ 

FILTERED ________ _ 

ABB Environmental Services INC" 

(ACTUAL SIZE IS 2"X3") 

SAMPLE LABEL 
-. 

.. ~ ~~ING AND ANALYSIS 

II ~~~ NAS CECIL FIELD 
~ ~~ JACKSONVILLE, FLORIDA 

FIGURE 6-2 

--



site name, 

field identification or sample station number, 

date and time of sample collection, 

designation of the sample as a grab or composite, 

type of sample (matrix) and a brief description of the sampling loca­
tion, 

the signatures of the sampling team, 

sample preservation and preservative used, and 

the general types of analyses to be conducted. 

If the sample is split with another party, sample labels with identical 
information will be attached to each of the sample containers. These labels can 
be completed prior to initiation of field work except for the signatures, sample 
date, and time. Figure 6-2 shows an example of a sample label. 

6.2 SHIPPING REQUIREMENTS. After the sample labels are affixed to the sample 
container, the samples packed for shipment, and the CDC completed, shipping 
containers can be prepared. 

6.2.1 Shipping Containers Shipping containers (i.e., coolers) will be secured 
with nylon strapping tape and signed and dated custody seals to ensure that the 
samples are not disturbed during transport. The custody seals will be placed on 
the cooler so that the cooler cannot be opened without breaking the seal. 

Samples that must be kept at 4 DC will be shipped in insulated containers with 
either freezer forms or ice. If ice is used, it will be placed in a container 
so that the water will not leak into the cooler as the ice melts. The sample 
will be shipped within 24 hours of collection to allow the laboratory to meet 
holding times. An overnight express company will be used. The Florida 
Department of Transportation (FOOT) regulations will be used for packaging, 
quantities of shipment, and shipping methods. This applies mostly to medium and 
high concentration samples. Samples for the NAS Cecil Field site are considered 
to be low concentration or environmental samples. Organic and inorganic 
parameter sample containers will be shipped in separate coolers to avoid 
cross-contamination because of the container types. 

Upon sample receipt, the laboratory will sign and keep copies of the express air 
bill and CDC. The temperature of the cooler will be measured and documented. 
The condition of the samples will be documented. If any breakage or discrepancy 
arises between COC, sample labels, and requested analysis, the sample custodian 
will notify the field personnel. The pH of the incoming sample will be checked 
and documented upon receipt. Any discrepancy or improper preservation will be 
noted by the laboratory as an out-of-control event and will be documented on an 
out-of-control form with the corrective action taken. The out-of-control form 
will be signed and dated by the custodian and any other person responsible for 
the corrective action. 
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7.0 INVESTIGATION DERIVED VASTE HANDLING AND DISPOSAL 

Wastes will be generated as a byproduct of the RI field investigations. The 
handling of waste generated onsite shall conform to all health and safety 
requirements, and all State, local, and Federal regulations. Types of wastes to 
be generated include: 

drill and auger cuttings, 
wastewater from decontamination, 
well development and purge water, and 
disposable health and safety clothing and sampling tools. 

All borehole cuttings and development water from sites of known high concen­
trations of contaminants will be contained in DOT 17-C open-top, 55-gallon drums, 
permanently labeled by well number, and will be collected by the Navy for proper 
disposal. All other drill cuttings will be land applied in the immediate 
vicinity of the well being constructed. Decontamination and development and 
purge water produced during field work will be discharged at a controlled rate 
into the Navy's wastewater treatment plant. Care will be taken to ensure that 
potentially contaminated groundwater or decontamination water does not enter 
surface water bodies. All disposable protective clothing will be collected in 
plastic garbage bags and disposed of in Navy solid waste facilities. 

The materials may be disposed as normal solid waste if contaminant concentrations 
do not exceed any State or Federal regulatory limits for the type of waste in 
question. The Navy is responsible for disposal of all hazardous waste (NEESA, 
1988). 
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FEDERAL REGULATIONS 

TABLE 1A.-LlsT OF ApPFlOVEO BIOLOGICAL TEST PROCEOUFlES 

[Table IA revi~ed by 56 FR 50759, October 8, 1991] 

I ! Referer.ce (melhOd No. 01 p&ge) I -----Pa'ame1er. units a~.d melhcd MEthod I EPA 1 
Sta"llard meth06s I 17~'" ed. 

ASTM uses ., 

Bacteria: 
1. CoIrlOfTT\ (fecal). numoo< per 100 mI. ... MPN. 5 tube. 3 dilutic.n; 01. membrane fi~er p. 132 922~C 

(MF) '. &mgle step. p. 124 92220 
2. Co!rtorm (fecal) in pres~n;:e of chlo- I MPN. 5 tube. 3 dilulion; or. MF". single p.132 D221C ......................... : B·OO~O-cs. 

nne. number per 100 mt step '. p.124 

1

92220 I 
3. Co,rtorm (to\81. !\Umber per 100 m:.) .... ; MPN. 5 tube. 3 dilution; or. MF', single p.114 922~B ... ---.. - ........... j B--C~2~- 85 I step Of two $Ie;>. p.loe 92228 
4. Colrlorm (total). in presenCf, of chlo- . MPN, 5 t~'be, dilution; 01 II.F" with enrich- p.114 9221B I nne. number per 100 ITII. I ment. p. III e2229 ~ 8 5C I 
5. Fe:-aJ strep10c0cci. number per 100 i MPN. 5 tcot>e. 3 d'll'tion; MF "; or, plale p.139 92308 ·--··-··-···········18-00~5-85. 

mt count. I p. 136 S230C 

i I p. 143 

Table IA notes: 
-

I The ... elhod us()d must be specified when r~utts ere .epo"ed. 
1 Bo,dr>e<. RH .• end J.A. Wlnler.eds. 1978. ··Microbiological M.:lhods for Moniloril"lQ the Environment, Waler Ind Waste.- En'olironmemal 1.I0Mo"1"IQ ~)"~Ie"'s 

u.boratCY'l. u.s. Environmental ProteC1'Or> A~ency. EPA-600/6-7~17. 
• SnnOfl. U., and F.E Gree-s.on. P.E .• ads .• 1989. ··Melhods for Collection end Arlatysis of Aquatic Biological a'>d Mic:robl()logic31 SampleS:· Techrv.lues of I·.zler 

Resources l""estogollons of ttoe U.S. Geological Su. ..... ey. TechrUQues of W.ler Resources I"./esligations, BooI< 5, Chapter M. u.ooratory Ar>atysl'. U.S. Geog·io,?r,oC 
Sl'",ey. U.S. Oepenment of Interior. Reston. Vorginla. 

• A 045 t-Im membrar>e flMe, (MF) 01 Olher pore siu ceMnoed by the ma"Llfactvrer to fully retain or\;anisms to be c"ttNalad. Ind 10 be free of tr\rlClattes .. n.;h 
could Interfere wnh their grOWlh. 

• SeuuSoe. thoE MF lechniQ.,e usually JOolds low and variable ,eeave,), "om ohloriroat&d wastewaters, the 1.10$1 Pro~ble Number method will be reQuired to re~~·:.e 
an)' cont:cverSICS. 

TABLE lB.-LIST OF Ap~OVEO INOFlGANIC TEST PFlOCEOURES 

[Table 1B re\"i~ed by 56 FR 50759, October 8,1991] 

Parameter. u'lits Ind melhod EPA' 

Retere"ce (mel hod No. 01 pe~l 

SId. methods 17L't 
Ed. 

ASTM USGS 1 

I 
1. ACidity. 1$ Caco,. mg/l.; I 
2. Alka~My. as eaco.. mg/l.; 

Other 

El&ctrometric and poom Of pl>ef"lOlphthalein llId poirrt ...•.••...•..... 305.1 .•............ 231 ~B(.al·········.····· 01067-aS ......................•. -........•.. - ... - .. - ..... J 

Elec17ometr'oc: Of colorimetric utration 10 pH •. 5 manual 01. __ . __ . 310.1 ••.•..•. __ .• 2320--EL_ .. _ .. _ .. __ ... 01067-8S............. 1-1030-85 ....... _... 973.::. 1 

AuIomated .... _ ...... __ .....................••.• _ •.• __ ...... ___ ....... _____ ...... __ .....•... 3 I 0.2._ ..... _ .• _ ... __ .... ______ ...... ___ ... _ ............... ___ •.•••.................. 1·2030-85 ....•........ 
3. Aluminum-Total". mg/l.; Digesl'oll' 10lJooo.ed by: I 

'.A~~;JE~~~~~~~-~~~~~~~~.:~~~~~~=:::=:. ~~~~~t~1 N •• ~. 
Manual drsWlation (al pH 9.5) '.loIlowed by ...... _ ....•.... ____ . ___ .. 350.2. ____ • 4SOO--NKa 8. __ .. _ ........ _........................ . .................. ____ ..... _. 57349." 
Nesslerization _ .. _ ... __ ..•. _ .....••...••..... _ ..•.• __ ... __ ...•... __ ..•.....••. _ ...•.. 350.2 __ •• __ ....••• 500--NKa C •. _ .• _ ... 011.26-79(~.l ..... _. . 1-352C--e5 .. ____ .. _ .•. A73 461 

Titration ••. ____ ... __ .. _ .....••. _ .. _ .. _ ..... _ ... __ . ___ ...... _._ •. _ ..•.. __ •...• _ ... 350.2 __ .. ______ .. 45OO--NKa E .. _._ ...•.........••.. _ •. __ ........... ____ .... __ • _____ ... .' 
EIec1rode .. _. __ • __ .••.. _._. __ .•. _._ .. _. ___ • ___ ..... _ ..• __ . ______ .. 350.3 __ •• _. 45OO-NHo G .• _ ... 01.26-79(0) ... _ ... __________ ._ .. _. ____ . 
Automated phenate or _._ .•...... _ .• __ • __ .. ____ .. _____ . _____ •• 350.1 ______ 45OO--NKa H __ 01426-79(C) .•..... __ . 1--45.23.85 _____ . 
Automated electrode _ •• _ ...•.... _ •.. __ .• _ ... ________ •. __ ._ .• ________ •. ___ . _____________ • ___ •• _______ ._ ... _ •.•..•. _._ .... ___ •. _ .• ____________ Note 7. 

~.A~To~",mg/l.; 

DiQestion " IoIIowed by: 
M direc1 aspiration _._ ... _ ..... _ ..•.... _._._. ___ ..• _ •.• _______ ._. __ •• ____ ••. 204.1_______ 3111 B . ______ ..••.•• ________ ....•..•..••........•.•........••. _. _____ ._._ ... 
M fvmace. crt ___ • ______ • ____ . ___ • ___ ••• ______ •• 204.2 ___ 31" B ________ .•.. __ .--: ... _. ___ ._ ..•... __ • __ .. __ . ____ •. 

6. !:e~~T~ai-~~;;;g/L:-······---··----·-·-·---·---··-··---··- 200.7 "---•• -- 3120 B ______ .. --·--···· .. ··-·-··--1·---·----·---··· 
~" toIlowed by: .... _ .. ___ ._ •. _ .. _ •....•. ___ . ____ . ___ ~.5 ____ ...... ____ . __ . _ .. __ .. ._. .. _ .... _ .. _ .. __ .... _j ... __ : __ .... ______ .. . 
M Q&MOUS hydride.-.. --.-----.. ----------.. -. 206.3 _____ ._ 3114 ____ 02972~(Bl.·.· •.• - 1-3062.e5 .• -----.-..... 

1 ~ ~-~.::::::::::::::=~~:=:::::::::::==:=.::==~:~=:::::=:~~:~-==::-.::::::: =~ .;=].~~~---==:::::-:.::::: :::-:::==:~~:=::::::::::=: ::::::==:=::::::::---=~-::=:: 

Environmerrt Reporter [Sec. 136.3(8)] '8 



POLLUTANTS ANALYSIS 
5-899 

'3':4203 

TABLE IB.-UST OF AF'PROYED INORG"NIC TEST PROCEDUREs-Continued 

Relere<'ICe (method No. 01 PAIit') 

Parameler. unns ar>d met'">od 
SId. methods 171h I A5T1.4 1 L'SGS' 

Ed. i I EPA' 

17· 

II. B~~;;;~'''';;'9/L: ........................................... _ ................... · .... ·i ............ · .. · .. _ .... ·j ... _ .............................. j U~190-S8 .... · .. · .... · .. I .. · .... ···; NC:E ~t 

TrI\"me~;c ..................... ......... ... . .... .......... .. .... "'1 320 1.. ......... i"........ .. ........... '''1 01(~~~:e) i 1- I ~ 2S-SS .. , P 5-<4 '0 

12. Ca~",,"rTI-TOla:', mg/L D,gc~l:on' fQl:C"oI.·ed by: ! I ; : 

IV< 0<t6C: as~"at,o~ ..................................................................... , 213.1.. ........... ! 3111 B O! C ........... : C3557-~O (A 010).; 1-3'3S-~ or:- ~7(.2;' P 37.'-

I I I i 31:;t:-e5 
IV< t":nace ... , ......................................... _ .... _ ..................... , ............. , 213.2 .............. : :;1'3 B .................................................................................... .. 

" ~~~;~~~._~"~o·,.;~f,~;;~;;J~;~::~;;i;i~:O;;;;i~~;;)::~1;:',:~;~:;:. ~::: : 
I 4. =.a~!.~ibo~·;,:;i·~·~·i·~;,:~ .. d~·,;:.~;;;;··iCBro.i:··;;;g·j;:--;··i .~.~.~ .. ~::::~::::::::i ;~ .. ~:::::::::::::::I.~~.'~~).::~~:::::::::i::~:::.::::.:.:::: ..... ':: .. :::: 
0Is.s0~ Orygen Depletion ..,:,n r.ilrrl,,;at,OI'l in.""~10! ill Ii 

IS Ct.e=1 orygen Oemand (COO). mg/L: T,tnmebc. or : 41e 1.. ........... ,,5220 B ...................... j D~25~-88 ............ _ . .: 1-3Sc,.c or .......... __ .. ': P73.'6' ~. 17' 

[Sec. 136.3{1}] 

"-'5-9' Publish&d by THE BUREAU OF NATIONAL AFFAIRS, INC., Wl6hington, D.C. 20037 49 



13U204 FEDERAL REGULATIONS 

T~BLE lB.-LIST OF ApPROVEO INORG~NIC TEST PROCEDURES-Continued 

EPA' 

ReferE:lce (method No Of p&.e) 1-------.,... -----.---,-'------; 
SId. ml'tho:js 17th II ASTM I 

Ed. 1 
USGS' 

I I 22. Co~per-TOlai •• mg/L: Digesl,o:"l· foliowed by: I 
AA dnec1 aspr.ation ...................................................................... ,20 I ............. 3'" B Of C ............. D'68S-~ \A Of 9) .. 1-3270-65011- SH.27' P 

3271-ES. 

23. 

2A Cyerllde a"'e.~::!able '.0 chlOfinalion. mg IL;. .. I , I _ I ~ I 
M~~:~~~~a~~ Wtlh MgCI, followeo toy I,.nmetroc Of Spec· ,3SI .............. ,.:-OO-CN-G ........ ! D2C35-S.,E;). "'; .................... , 

". I§;:~~~~'"=~'" · .... ·..::i~~i:i:;~~~lD,;;~;~l ..... 1....... .... .:1 
Colorimetric (SPADNS)................................: 3~O I ........ 1 A500-F-D ............... ! D~I7&-eO,,6.) ...... :.1~.~27~~:::::::::::::::::1 

26 :01;:~~~'I~ ~te~~:'tOn' foi;~.:;~·b~········· ........ ·······1 3:03 .... ······1 :~OO-F-E ............ ! (,geB) .. 1 ................. ! 
~ ~~=c:~~~.~~~.:::::::::::::::::::::::.::::::::::·:::·············::::::::::::::i ~~~~::::::::.::J~.'.~.' .. ~.:.::::::::::.::::::.. ':::!. . .. ::::::::::::::.: 

2i Hr;:,:,;·~·~T·~;;;i:·~·~··~·CO;· .. ;;;~;L:···· ............ i················· --j-.......................... : ··i···· .. ················ : ~cle 3C 

AlJlorr.ated cotorimelric ................................................................... 1 '301.. ........... : ................................... 1.... . ......................................... .. 
Tnnmtll,C (ED1 A). Of ca ~''''S "'g as Iroeir C<!'t>Or..:-Ies. by i ,~C 2 ............ i 23AO C.... .. ... =-;~ ',25-86 I·.geo) . "I' 1-' ;3e.c5· ................ i. S73 ~;S • 

ind'->Cbvely coupled pla~rr.a '" AA di'eC1 a~piraL~.,. (SC'e ! 1 I 

Parameters '3 and 33). I i 1 i i 
2e HyOrCgen ion (PH). pH unit~: : i" 

EI~cmetric. measurement Of ............................... · ...... 1 1:'0 I...... A:,O~-H" ....... 'j D:(~:~;r (A or 8) : 1-'~6-e5 ................. : ,73.,' 

2. ,~~~::.I~~,::~~t~/eL .. D;·i;~·~·;·;~;··;;·,i~;,;d··b;;; .... ··· ............... · .. ·1··· .. ·········· .. ·· .. ·· .. ;· .. ·· .. ···· .. ··· .... ·· ........ · .. ···;·......................... .: ..................... -..... - .... ; "c~e 21 

30 ,~r.-~i7:g7::·:.i~~;;;~~~:i:~:,:==:~::::::::·:::~::::·::::::::::::::1 ~;;:;::~::::::::::I·~·1·'·~ .. ~·::::::::::::::::::::::i:::·:··: .. ::::::::·::::···:·::::i:::::::·::·::: :::::::::::::::~::::: 

............. _ •. _ .... : t.ct, 22. 

Environment Reponer [See. 136.3(8)] !lO 



POLLUTANTS ANALYSIS 
S-899 

131:4205 

TABLE IB.-l.JST OF APPROVED INORGANIC TeST PROCEDUREs-Continued 

Pararnet9f. urits ar>d method EPA' 
Reler9f>Ce (method No. 0I1P&~>'6..:..)----Jl 

Sid methods 17th I ASTM LJSGS I 
Ed. 

Other 

" ~;:'l:;;;:;;:'::::': :::';':.'."":"'.:''''':'''.:'.. ....... ' '" ......1 "" , • c .......... ..1 '" ".;, " • "I ,·"" .. ,····-··1 ,,,,,, 
~§~:~~~~~~:~I~:~:::::~::~~~:·~i;f-¥:~~~I:~~~~.:::i;l~i~,;,;,,;,l:::::~~:::i ~E~.'· 

35. ~~;:~~;;.,~~~: ............................................................... ..! 2~5.1 .............. 3112 B ..................... I D3m-a6 ........... ..II-~62-S5 .............. ...I ;77.22.' 

36. ~~;:~~:~E~·:~:~:'~::~~~~~~~·;:.~~:~~~~.:~:·:··:.··:·:.:::.-I ::::·.:···:::··:::.·~·;;·;··~·:··::···::···:::·:.::i··· ·········:·:i·;~~·~·e·~~~···.::::·~·:::j 
AA furnace ........................................... _ .................................. - .•••.. 1246.2 ........ - .... 3113 B .......................................... __ . __ .1 ___ ·_· __ · .. ·_· __ 

~P.~:~::~::~::::::::::::::~:::::~~::::::~:~:::=::::=~=:~::::::::::::==:::~-.:::::~:: _~ .. : .. ~::::::= .... :.~.~.~.:::=::=:=:::=:=:: ::~::::::~:::::=:::~:::::::::::: ::=::::~.:::::::::::~::::::~~:~ Note ~ 
37. '!.'::-e:e>~~:.~.~.~ .. ~.~~.~ .. ~:.~._ .. _ ...... _ .. _ .... _1 2~9 L ___ ... 3111801 C._ ...... _ .. D18&6-90 (A 0I8) .. 11-~9~L .......... . 

~~:~:~~=::;:::·~:::~:.:~:~::·~:~·~:j:~:~~=~::::~i::~:::~;~:::::~;::::::~:::II Nole ~ 
38 Nltrale (e:s N), mg/L.; .. I 

CoIor.metric: (BcJcine sulfate) or Nitrale·r\l11i1e N m:."lVS Nrtrite 352.1 ... ___ ....................................... ~2-71 ............ _ ..... 1 ••••••••••••••••••••• _ •••••••••••• .' 973 50 '. 4190 ,. 
N (SH pa'amelet.S 39 L"d (0) I p. 2B • 

39 ~~'!;,n;~~:~., ~~:al or .............................................. _ ....... 353.3 .............. 45OC>-NO, E .... _ ....... D3667-PO(B) ........ _ .. I ... _ ... _ ..... _ .. _ ...... __ .... . 
ALJle>ma led , 01 ..•.•••.•.••..•••...•.••••.••..• _ •••. _ ..................•.• _ ........... _ ...... 353.2 ...... _ ...... 45OO-N0, F .... _ .... _ D3a67-90(AJ_. ___ . I-4So1~5 .. _ ............ . 

~: ~~~~E:~~~~~~·::1~:~~:~::5§.~~ ~~~~'~~.~~.~~~=:~~.~ ~. ~ 
Combusbon or o:cidaoon.---.-.---.. -.-... -.... - .. --.. --.... 1415 L._ .... 5310-8 .... _ ........... D257~5 (A 01 8) ............. _. __ ........ _._ &73 47 '. P 1 

: ~;;:"~;;~;;;::': '" '1' __ ,......... ...,,"".--. m ~, 
., ~~~:;:s( ,:;;;.,.:;;~;;:··:·=~~ .... ~:I i:i::::=:j.':"::'.::::~= "" ~~~.::.=::: ===:::::::-.::::~' '" ", 
"~~~~~:.~~=:~~~~~:=::::-=~J :~=:::~·I~:::~:~~=:::=:~~~,:,:,::,~;:::::::~ "'"" 
47. :~':::·i~taJ '. mg/L Di~~-;-i;U~bY-:-·--·-·-·· .. ·I360-1...···---·14500-0 G ........ _ ....... - .... - .. --.• -.--.. 1-1576-78 "--_. 

~P~~.~-~::=--==~=~~~:.~~~:===:::~~~~::=:=::=]-~~:~~=l~~~~=~~~::===~=:: :==:~::==:===:==: :=::=:~~~~~=~~:== t~~: 
46F~ mg/L.; Manual clistiUahOn ··-···----.------·-··.-··1 ~20.1 - ••.• - ... -. - .. - .. --.---.-.-.- ........ D17~ (A 01 8) .. ··· .. ·--···-··-·-···-.. ·1 NOI8:< . 

CoOoOmoori< "MPj """'"' •• -.--•. -.--.--1 ",.,--- .. -... -.-.-.----............ -.-.... -...... -.-.... ----··-·---.. ·····1 Ne>1e 27. Aulorneted ,. ______ ....... _____ ._ .. _. ____ . ~20.2 ____ •.• _._._ ... _ ....... _._ ..•• ___ .. __ .. _ ... __ •• _._. __ ...... _ •.• 

4&. ~ (""'*'I&!). ~L.; Gu-liq.,id chr~._. ------.... -.-.--... - ..... -.---... _ .... ____ .. ___ .1 1004. 2a. 
M>. Phosphorv$-TOIaI. rng/L.; ____ .. ___ •• ______ _ 

PerliJllate cj;geslion followed by: ___ ....... _ •• _ •. __ . ___ .... _ .• _.~.. 365.2 ...... _ ..... ~~-S,5 .... _._ ........ __ ......................... _ ... _. ______ ... e73.~.· 
""af\\&!. 0( •• _. ______ .. _._ ••• ______ .___ 38$.2 0( 4~_E __ •.• _ .• 0515--a8{AJ ....... _ ..... '_'._. __ "_" __ ' .. ' __ .' 

. . 365...3 
Automated ascorbc: acid ~1.IC'Iior\ Of _ •• ___ ._. ___ • __ 365.1.___ 4~-F __ ._. __ ....... __ ... ____ .. _ ...... _ ~5. __ ._._ ... &73.!>6' 
~aL1lOmlled bIoclI dges1Ol'._._ .. ___ ._._. __ ._ .. __ 365.4 _____ . ____ .. _ ... _ .. _._._ ..... __ ._ ................... ___ ..... _ ..... __ 

5 1. p., tinum-T olal '. mg/L.; Oiges 1i0ll ' foitowed by. 
AA direcI aspiration -----..• - ..... - ....... -----=:::::::J 255.1_._._. 31 1 1 B .. -.----................ - .•......... - .................... - ............. - .......... . 

~~~:=:::=::=:::::::::~:::::::::~:::::::::::::::::::::::..-_-:::~~=.I.~:!~::::=::::~ ~::::=:=:::::::=:=:=::::::::I:==::~-:::-~::~=:::::::::::::~: =====:-::::=~:=~: POole S4 

11-15-91 Publi.t-..cs by THE BUREAU OF NATIONAL AFFAIRS, INC .• Washinllton. D.C. 20037 
[Sec. 136.3(1)] 

51 



, 31 :4206 FEDERAL REGULATIONS 

T~BLE IB.-LtST OF ApPROVED INORGANIC T(ST PROCEDUREs-Continucd 

R~lerence (method No. Ot pa~) 

Std. methods 17th ASTrA 
Ed. 

EPA' 
uSGS • 

~- I 
~----------~-------

52. POtsssivITI-lo\&l " mg/L [);Qe,l>on' followed by: I \ 
:tp ~~~~~~...:~::::::-~:::::~:=~~:::::::~:~:::::::::::=::::::::=~ .. ~=::::::::1 ~:;.;~::::::::: .~.~.~.~ .. ~.::::=::::::::::::-~:: ::::::::::::::=:::::::~~::::::::::I.~~.~.=::::::::::::::::: 973.!.3.· 
~:!:O;::n~'i~j'::::::::::::::=::::=::~:=::::::=:::::=:::::::::=:::::: :::=~::::=:::::~::::: .. ~.~~ .. ~.=:::=:~:::::.:~~~~.~~~~~=:::=::::I ::::::~::::.:=::-::=:::=::=: 3118. 1

' 

53. Re~Tolal. mg/l.; Gr.vimetric, 10l-10S' ................... _ ........ 160.3 .............. 25-40 e ...... _ ...................... _ ... ___ ....... 11-37~S ... - .. - .... .. 
5'. Res.a~tilletable. mg/l.; Grtvimetrie, I Btl' ................................ 160 ..... _ ......... 25'0-<: ............................................. ".......... 1-17~5 ................ . 
55. Re$>d~liItera!>le, (TSS). mg/l.; Gre";metric, 103-105' 160.2." ........... 25'0-0 ..... _ .. " ............................................. 1-3765-85 ............... .. 

poS: .o'u/'o1"og 0( re~cIue. 1 

56.!e~se!!l6able, mg/l.; Vol~metric. (Im~ conel, Ot gra. 160.5 .... _ ....... 
1
25'0 F ...................................................... · .. 1 .... - ........ · .... · .......... · .. .. 

: ~:~1~~~~~~~::::-jl ;,;;~~~ -;:-:~~~~~:-~:~:::;;;:~:I;:~~~·:;-~-:;: 
~~ =c~.~~~: .. ~::::::::::::::::::::::::::::::::::::::::::::::::::~:::::::::::::::::I ~~;:;:::::::::::::: .. ~.~·~·~ .. ~.::::::=::::::::::::::I::::::::::::::::::::::::':::::::::::!:::::::=:::::::::::::=::::::::::::I 

60 Seler>tJlT>-To\&l'. mQIL Di~st>on' IOllow()(! by: 1 I I 

~:;:~::~;~~:::.:::::::::::::::::::::::::::':::.:.:::::::::::::::~::::::::::::::::::::I ~~t~':::::::::J:':':':":::::::::::::~::::::::::~~;;:9:~~i~:i:::::::.:~.:ri~i~=~:~~~~::::::J 
61. ~:-"";;~~I~e:~;~~ ... ~.:~~ .. ~.i.~:.~~ .. ~I.~:.~.~:~~ ... f.~~.~~.~ .. ~~. 370.1.. .......... 1 ~~ 0 .......... _ .. oeS~B(8) .............. 1-1700-e5 ... _ .. _ .. _.

1 
AutomatP.d (Mo/ytldosilicale). Ot ...................................................... ................ _..... ................................... .. ................................ 1 .. 2700-es._ .... __ .. . 
ICP ...................................................................................................... ;>r)O.7' ......... ................................... .................................. . ..... _ ..... _ .. _ ......... ". 

62 Srlve<-Total", mg/l.; Digestion' followed by: 
A}.. d"ectnporltion ........................................................................ 272.1 ............. 3\1 I e Ot C .............................................. . 
AA furnec. ........................................................................................ 72.2._._ .. _. 3113 e .. _._ ................. _ ..................... . 
Colorimet,,, (Oolh!:!one) ................................................................................................................................................................. . 

~~~===~~::::::=: \ m27 '. p. 3:.· 
. .... _ ...... ___ ........... \ 319B" 

ICP. Ot ................................. _ ............................................................. 200.7 ...... _ ......... _ .. _ ..... _ .............................................. . .. _.----0 __ . __ . 
OCP ................. _ ................... _ ................................................................ _ ........... _ ...... _ ....... _ ... __ ............ _ .................. _ . 

63 Soo""m-Total', mg/l.; Digesuo" , fOllowed by: 
AA dre:l.spir.t10" ................. _ .................................... _ ....... _ ... _ .. 273.1 .............. 311' B ..... _ ................................................ . 
Ie? ..................................................................................................... 200.7' .......... 3120 e ......................... _ ............................ .. 
DCP. Ot ................................................................................................................................ __ .. __ .. __ ............ _ ..... _ ......... __ .. .. 
Flame PhOtOmetric ........................................ _ .................................... _ ... _ ............ 35OO-Na 0 ......... _ ... 01428--e2(A) ... _ .. .. 

6. Speofoe oono...::ance. rnocromhoslcm II 25' C: 
WI'oellt51One t>r>Oge ................... _ ....................................................... 120.1 ... _....... 2510 B .. __ ._ ........... 01125-e2(A) .......... . 

65 SuMale (H SO.). mg/l.; 
A.n.omaled coIoometnc: (barium chlor."iiale) .. ___ .. _ .. _ .......... . 
Grlvimetric. Ot .................................................................................. . 

TLl"bidrmelric .................... _ ... _ ..... _ .. _ ........... _____ ............. _ .. 375.~_ ... _ .... ______ _ 

375. , .. _........ .. ............. _ .. _ .. _ ......................................... . 
375.3 ............ 4SOO-SO.'·C Of 

O. 
OS1&--e2(A) (,W) 

......... ---.. -- iNote 3-4. 

.~~:..:~5.::_.:::::=::::::: \873 ~.' 
'-'-"'-'--"'-"'-INOIe 3-4. .... -.. _ .. _-_. __ ._-

.~~~ .. :~~=:=. (7340

1 

. .. - 1925.~.' 

.. ______ ._ 426C." 
66 SuHlde (as S). mg/l.; 

Tnfimeot'ic; roodir'oe). Of ................ _ ................... __ ..... _ ........... _ ........ 376.1 _ .... _ .. 4500-S'" E .. ,,_ .. _ ... ___ .......... _ ...... _. 1-3&40-85 ____ .. 22M,." 
Colorimetric (mell'1y1ene blue) ..................................................... _ .. 376.2 .. ___ .... ~-, 0 __ .. _ .... _ .. ___ .......... _ .... " __ "' ___ '" 

67 Sulfne (as 50,1. mglL; 
TRrimeIlic (iodi~t8) __ .... _ ......... ___ • __ ._ .. 377.1 ___ . 45OO-SOo'" B_.. 01339-8-4(Cl ....... _ ... ______ _ 

68. S~Klanta. mgll.; 
Colonme\Tic (met'¥ene blue) ................................ _ .. _ .... _ ........... 425. 1_........... 55'0 C .. _ ... _ ......... 02330-68 .... _ .. _ ..... ____ .. __ . 

69. Temperat".:-
C.: Therm0m6Iri: ... _ .. _ .............. _ ..... _ .................. _ .. _ ...... _ .. _ .. 170.1_ .. _. 2550 B .. __ ... _ .. _ ... _. __ ._ .. __ ...... _ ..... _____ ... Hole 32. 

70. ThaII~Total', mg.'l.; OiQesli()rI' followed by: 
A}..dirKlaspil'ltion __ ...... ____________ .. 278.1 __ 3,,'8 ____ 1 ______ .. _ 
M furnace, ar:... ________ .. _ .... _. _____ .. _ .. 278.2.____ _ _____ . _________ . _______ _ 

ICP .................. _ .... _ ...... _ ...... _ ..... _ ...... _._.__ 200.7 • ..... _. _____ __ 
71. Tin-TolaJ', mg/l.; DiQe$tion' follow.cj by: 

M direc1 ISpiratiort, Ill' .. _ ..... __ .. __ ....... _ ..... __ ......... _ ... _ .. 2112. 1.__ '" I B _____ ... ___ .. ___ .... 1-~50-7a. __ . 
M fum.ce._ .. _._ ....... __ ... __ ... _ ... _._ .... __ ._._. 2112.2 .. __ . 3,,3 B __ _ 

72. Tilaniurn-TolaJ', rng/l.; Oi;eS!ion' followed by: 
A).. direct aspirltion .................. _ .......... __ .... _ ..... ____ ... _ ...... m.' ___ . 3'" 0 ___ _ 
M furnace ..... _ ....... _ ......................... _ ......... ____ ..... _ ..... 283.2 .... __ .. __ ._. _____ _ 
DCP .............. _ ...... _ ......... ___ ............... _ .. __ • __ .. ___ _ . _--_ ...... _ .. --- HoI. 34 . 
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POLLUTANTS ANALYSIS 

TJ.SLE lB.-LIST OF ApPROVED INORGANIC TEST PROCEDUREs-Continucd 

Pa'ameler. un.1s end mer.ood EPA' 

Reler~ (method No. or pe(le) 

Std. methOds 17th 
Ed. 

ASTloA USGS • 

I 

::: ==T~~~i·~~-~·/-L"o;~ti;~·~"j~~;;;·b;:-.......... -...... ·I ,&0.1.. .. ___ ._ 2130 8_._ ..... _._ .. 01UP-OSa .............. ~ .. - .. - .. . 

IV. ,,",ect upirition .. _ ... _ ................................................................. 28e.1 .............. 3 I I 1 0_ .. _._ ............. _ ...... _ ....... __ ..... _ ........... _. ____ ._ .... . 
IV. Ivrnace .... _ ................................................. _ ........... _ ..... _ ... _ ... 286.2 .. __ ... _ .... _ ... _ ...... _ .... _ ...... _ ...... _ •.. _ ........................................ _. ___ ....... . 
ICP ......... _ ... _ ..... _ ................................................................. _ ............ 200.7 •• _ .. _ .... 3120 B ....... _ .. _ ..... _ ...... _ ................... _ .. _ ........................... _ ........ .. 

S-899 
131:4207 

DCP. 0< ............................................................................................... _ ...... _ ..... _ .............. _ ........................... O'Cl~ .......................................... _ ........ . Note 34. 
ColorimetnC (Gallic acid) .• _.- ............ - ...... - ........ - .. _ ......... _ .......... ..... __ .. _ ..... 3500-V 0 ................. 03373-S-4(A) . ___ .... _ .. __ . ___ .... . 

75. Z,nc-TOlal', mg/L; Ci~estion' followed by: 
(19SS). 

IV. dil&C1 aspiration .......................................................................... 2'89.1... ___ .. 3111 (B or C) ........... C1691-~ (A or 8) .. 1-3900-e5 .. __ .. _ ..... 197~.27., p. 37' 

~~f~f~,:~~,:~~-~-::;~:::~:.:~~:-j-:.~~~±:;~~T~~~ :~~~~~:~~=~~:: 
iable Ie nOles: 
I ··MEthOds lor CherrO.:.al Arlslysis of Waler and WaSl!!s", El'lVironmenl&l Prolection ~ncy, Environmental Monnonng Sysl.ms l...&bora~b (Et.lSl-Cl). 

EPA-60014·79-C20, Rev:sed Malch 1983 and 1979 .mere applrc:able. 
• F,Sohrnan, M. J .. et ai, ""'elhods lor Ar'\8'ysis of Inorganic SubstaP"oCeS in Water and Flwial Sediment~ - U.S Department of the InlenO<, T&chniQ..es of Wz:er­

Resource Investigallons of the US. Geological S...-..y, Denver, CO, R.'i\l.ed 1989. unler.a otherwiw 'laled. 
• ··O!f,cral Methods of Anatysis of the Anociation 01 OHic>a1 Anal)'bcal Chemists," melN:>ds man..at. I Sth ~. (1990). 
, For the determ,nal,on of toW metals the umple is no! Mered beiore processng. A di(le!lOOn pr~ is ~ed to .al..t.>il':n ~ed malenal 1"0 10 

destroy poSSible orgiM:·metal complexes. Two cl'9"tiorI proceOvret .... Qiwn in ........ thOOs for C!'>en"rocaI "-"elrsis of WeIer Ind WeS1e5. li79 end 1983." One 
(Sect.on '.1 3), is a vigorous di_est>on using nitric 1Od. A koS5 V1QOI'OUI drgestion LlSing rolric: and hydrtd'olOriC ~ (6eCtion ~.1.'). pr.t~ ~. I/'Ie al'lltyst 
s",ould be ccul,oned ti'IBt In'5 mild d'Qe5l>On may no1 s..J!I,ce for a.lI s.arnples 1yPe$. Pa~ar1y. ~ 1 co\ori.'T>etnc prOC&Oure IS to be '~Io,.ed. •• --.sa.ry to e"""'e 
thai all or.a~o-m.?:alhc bol'>OS be brolen to that I/'Ie ...... .81 is In 1 reacwe state. In !hoM ~tionl. the ~ous d,~estlon " to be p!elerreC rnalo.lng ~n \t>at at no 
t'me does the Simple go to dryr-.ess. Samples conl8hnQ lar(le amovnll 01 Of~ malen&is would also benefrt by Ihr. ""9orous dlQClstron UW ot 11' ... ~aptwle k6nac.e 
techn'Q.,e. inductIVely coupled pI8.ma. as ... eU as de\erminahcms for cerain elements such as ar-senre:, the noble metalS. mercury. lo6Ieno.um. &nd ~;anrurn req;Jll" a 
rr,COlt'ed dl~s\ton and In all cases the method wrrte-up IhOUld be cons,mad for apecr\re: instruction &nd/or ca..n>ons. 

NC~E: " the d~~stion incf~ in one 01 the Othel &;>proved references i5 c*fferent th&n 1M above. the EFA pl~ure must be use<l. 
Dissolved metals are detir>,;~ as thow constrtuerl\S which WIll pe.s$ through a 0.45 meon membrane finer. FOllOWIng fl"rahOn of the "mple, the refe<el'lced 

procedure fOI lotal metals must be followed. Sample digest,on 101 Oissolved metals may be omined for M (dlTeCl as;xra:ron or g-&PMe tvmace) end tCP an&!ys.es 
plovode-« Ihe Simple SOIUlIO" to be an.ely7ed meets the fo1;owing emell': 

I. has I low COD « 20) 
b is vlr.~ly transparent Wllh 1 turtoldity measurement of I NTU or less 
c is colo"ess WIth no .-ercepti::.le odor. and 
d. IS 01 one hQuid p~ase ano free of pal'1lculate or SoI./spe-nded mener lollowing acidification. 
• ihe fu~ tett ot "'etnod 200.7, "Inductiv~y Coupled Plasma At~ic EmiS$ron SpectTomebc Method fer Tr.~ Ele"",nt ANlIJ'S'S ot Watll!' l'>d Wasles," is g • ..e .. 

81 A::> .. end" C 01 thiS Fa." 136. 
• Ma"-'81 d,stllla~"" IS no! r~oJired rl comparability data on representative effluent samp;es are on com;>a"Y file to ~ that !tIIS prel""'","Y d,stilla~o" sle~ is ~ot 

necessa.y ~.er'. ma'lUSi dls~lIat>On will be reQuired to re-s.o~e &f'Iy COIltTove<sies. 
, AmmON" AUle>ms:ed EI~rode method, Indust"lal Melhod Number 379-75 WE. dated February 19, 1976. (~ & l.IJebbe (iee/'lnicO'» A.JtoAna!)'2D< II, Brar> & 

Luebbe AnaIy7I">g Tecn"OIOg,es. Inc .. Elmstond. N.Y. 105~. 
• The appro.ed method is that Clled in "Methods for Oetermit'lation of Inorganic Substances in Water and F\wiaJ Sediments", USGS TWRI. Book 5, Chapter' AI 

(1979). 
• Amenta" Nation~ Standard on Pt>o!ogra;>hic Processing Effluents, ~. 2, 1975. Avaftable !rom ANSl, 1430 Btoaaway, New YoriI., NY 10018. 
10 "Selected AnaI)'tlcaJ Methods Approved and CIted by the United States EnvIronmental Prot&ction Ag&ney," Supplement to the FrttHt'lth EdJ\>On of Sta":Wd 

"'e~ fer the ElAI1'Il"'~on of Water and Wastewater (1S61). 
I I ihe use of normal and dilferenul pulse voluige ramps to wease ~sitivity &nd resolution is acceptable. 
" Carbor'\8ceous boocl'>emicaJ crygen demand (CBOo,,) mlJ$l r>OI be confused With the lradrtlonal BOO. test Whoch measurH "otal eo:>. - The a~dnrO" ot the 

nilrificatron 'nhlbno< is not 8 p!ocedural opbon, b:J1 must be included 10 repor1 the eBOo. parameter. A dlscha!Oer' whose permrt ~res r&pOl'tlng tr>e tTa:j!\!()nl1 Boo. 
may not"" 1 Mn1IC8~on "'hl~ner in the procedure lor reporting the results. Only wt>er. a dis.charger's permit specrficaJly states eeOo. if reQu,·ed. can the pe-m>rne-e 
repan data v$I."Ig the nrtnhCllbDn inhibilor. 

"ole CIoemrc.aJ Oryger"l Demand Method, Oceanography International Corporation. 512 West Loop, P.O. Bol 2980. CoI1~ SlatoO", TX 7i8A0 . 
.. Chemical Orygen Demand, Method aooo, Hach HaI'ldbook ~f Water Analysis, 1979, Hach Chemic&! Company, P.O. &01 389, Loveland, CO a~537. 
" The bee:!< Wation method wiN be IJS&d to resolve c:ontroVer1;/. 
II Onon Research InstruC1ion Manual. Residual Chlorine Electrode IJ,oOeI 97-70, 1977, Orion Res.earch Incorporated. ~ .... emoriaI Onve. Cambridge. MA 02135. 

The calibration graph for tt>e Orion residual chlorine method must be demed using a rea~t blank and VYee ~\al'ldard aoIuIoons. contarrong 0.2, 1.0. and SO mI 
0.0028 I N potawum iodale" 00 ml 6OIution. res.p&Ctively. 

"The approved method is thel CIted in Stanclard l.4ethods 101 the examir'\8!ion of Water and Wastewater, 1~th Edrtion. ,;78. 
" National Council of the Paper Industry lor Nt and Stream Improvemenl (Inc.) Technical Bullebn 253. December 1971 . 
.. Cooper, BlOClnchoinlt. Method, l.4elN:>d 8SOS, Hach Handbook of Water' AI\lIysis, 1979, Hath Chemical Company. P.O. 801 389, Loveland. CO 80537 . 
•• Aller the manual dls~lIation is completed, It>e autoanaly7er maMoids in EPA l.4ethOds ~5.3 (cyan;oe) or ~20.2 (phenols) are ~red by cor>neCI>ng lhe .. 

sample tine dir&ctiy to the sampler. When using the rna.nilold ~IUP sI\oWn in Method 335.3, the bvlfer 6.2 should be repfaceCI WIth the bvlfer 7.6 found WI l.4elhod 
335.2. • 

" Hydro;en ion (pH) A:J1omated Electrode Me:nod, InduslTiaJ l.4ethod Number 37&-7SWA., OctOber '&76, Bran & l.IJebbe (i.clY'riconJ AllloAnaiy7er II. Brl~ & 
Luebbe "-"eiy7lng T&chnologles, Inc., Elmsford, N.Y. 10523. 

" Iron, 1,10-Phef\8nthrotine Method, l.4ethod a008, 1980, Hath Chemical Company, P.O. Box 389, Loveland, CO 80537 . 
.. Manganese. Pen002te Oxidation l.4ethod. Method 6034, Hach H~ of Wastewater Analysis, 197&, pa~ 2-113 and 2-117, Hec!'o Chemical Compa,"y. 

Loveland. CO 80537. 
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.. W~'law, RL, e1 ai, MI,I.e';"ods tor AAalysii of ~"Iie S<Ibs\&!\::el in Water," T~ 01 Weler-R~ I .... Mti~lion 01 the U.S. Geol:>gical Wvey, 
BOO< 5, Cht.;>ler "-3. (1972 Re'IIs.&d I~S7) p. 14, 

.. Nltre>gen, Nrtrne, l,jelhOd S~7, Ha::n Chemi::.al Company, P.O. So. 3e9, l.oofelar.d, CO 80537. 
II JuSI P'>Of to clr$tilil!lJO/l, ady.lSt N lU~esetV&d sarn;>le to pH 4 wrtrI I + 8 N801-1, 
"n..ee.~;><ovEld melhOd is died in Standud Met"oods tor the Examir\l!tion of Wal8f and WaSlewaler, Uth Edrtion. The colorimetric ,1I&CtiOn i5 concIuc1E1d al I pH 

ot I C.O::: 0.2. The a;>;>rov&d met'>ods I'e piv~ 01'1 pp 57&--S I ot the I cth EdstiorI: I,je\tood S I 0" lor distillation, Io4ethod 5 lOB tor the rNI'I ... aI c:oIonmetr>C ptoceO.¥e, Of 
~e~hOd 5 I DC tor t'>e m8 ... ~al spectrop~lo"T>et.;c proc&dur •. 

.. R.F "'ddl~ arod RG. Aci<r:".an, "Dir~ Delermil'l8tion of E~~.aJ Phos;>i'Ior'JI by Gu-l.jquid ChromatDg'"e.phy," Journal 01 ChrorT\ltog'a;>I'1y, vol. '7, No 3, 
pp. '21-O:€6, .I970. 

" Apptoved melhods for the analysis of silver in industrial wul-.ler1 at ~ations of 1 mg/L and aboYe are ina~.t. where sitver eXlSu as VI inorgar>ic 
halide. S"'8< !'IaloOe$ sVCh 85 the bromide and chloride are relatJve~ in~uble in ,.e~nts such as nitric acid but are readily IoOILJbIe ... an IQ..eovt bIJ!1et of ~Ium 
thlosulfale &rod ~I"'" hydroxide 10 pH of 12, Theretore. torlev,,'s of sitver above I mg/L. 20 mL of e.emple should be dilut&d to 100 mL by Id()tr>g '0 mL each ot 2 
M Na,S,o. &rod N80H. Standards s.hovld be pt&par&d ill the same man~, For levels of silver below' I ITIQ/L the approv&d method is sabsfaClory. 

'0 The ap~rov&d method is that c:iled in Standard Methods tor the Examil'lltion ot Waler and Wlslewater, 15th Editior\. 
" The approved method is that t:lEId in Standard Methods tor the Examil'lltton of Waler &rod Waslewal8f, 13\tl EdlbO/'\. 
.. Slev&nS, H.H., FICke, J.F .. and Smool G.F., ''Water Temperatvr.-lnfluentiaJ Factors, Field Measurement and Da .. Pre~tation", T.cfY'IiQUH of Waler· 

Re~urces Irrvesttgation5 of the U.S. GeolO9icaJ Survey, Book I, Chaplet 01, 1S75, 
.. Zmc, Zincon Method, Method 81>09, Hach Hsl'ldbook of Water Analysis, 1 S79, paQeS 2-231 and 2-333, Hach Chemical Com;>any, Loveland, CO 80537 . 
•• "Direcl Curr~t Plasma (OCP) OpllCll Emission Spectrometric Method tor Trace Elemental Analysis 01 Water and Wastes, Method AESOO29," 1966-~ev:5ed 

1 991, Ap~t&d Res.earch lAboratories, Inc., 2AS1 I Avenue Star.lord, V&Jeroa. CA 91355. 

TABLE 1C.-l!ST OF APPROVED TEST PROCEDURES FOR NON,PESTICIDE ORG ... NIC COMPOUNDS 

[Table Ie revised by 56 FR 50759, October 8,1991) 

EPA Method Number l' 

~'&!amele, I GC Standard methOds GC/II.S HPLC 17th Ed. 

I .... ce<'Ia;)hthene........................................................................... 610 625, 1£25 610 &010 B, ()UO B 
2 .... ce~tnyIE!'"lt! ........................................ _............................. 610 625, 1625 610 &010 B, &0(0 B 
3 .... croleln...................................................................................... 603 .~, 1624 
•. "'cry\o'"I't'ile ............................................. _................................ 603 • 624, 1624 610 
5. Antnraoene................................................................................ 610 £25, 1625 610 &010 e, ()«O e 
6. Benzene .................................................................................... 602 624, 1624 £210 e, 6220 B 
7. BE>'1Zld,ne ............................................................................................................. . • 625, 1625 605 
8. Bec,zo(a)anthr.oer>e................................................................. 610 625, 1625 610 &110 B, 6440 B 
9. Ber020(a)p)'Ine ........................................................................ 610 £25,1625 610 &010 B, ()«O B 

10. Be"'2O{b)fiuor.nthene .............................................................. 6 I 0 . 625, 1625 610 &110 e, ()«O B 
625, 1625 610 &110 B, ()«O B 
625, 1625 610 &110 e, &140 B ~~. i~~~~T~~:::::::::::::~:~:::::~::::::::~:::::::~:::::::::::::::::I .......... , ........ ~~.~ ................ , ............................. , ... . 

1 4 Be<'I~ t>J¥ phthalate ........................................................... .. 
15 Bls(2.c;nIO'oemoryl methar>e ................................................. . 
16 B 15(2 -<:h1ort>eL")'I) el~ ..................... _ ................................. .. 
17. Bls (2-ethylheryl) phthalale .......................... _ ...................... . 
18 BromodoChlorome\J'\ar>e ......................................................... .. 
19. Stomoform ....................................................... _ ........ _ ... _ ...... .. 
20. Bromome\Tlane ............................................................... _ ....... , 
21. '·Br~phe")'I el~ ................................................... . 
22 Carbon lel1'lcI'IIon6e ........................ _ .................................... . 
23. '-O>IO'o-3·meth)'lphenol ................. _ ....... _._ .................. .. 
24. Ct\lorobenzene ..................................................... " ....... _ ...... .. 

~~. ~.~~~h~.;;;;y;·~i;;.:::::::::::::::=::::=:::=::::::::==:::::::~-::::::::~ 
27. O1iOl1lform .. _ ................................... _ ..................... _ ...... _ .... . 
28. ChloromeU"llr>e ............ _ ............... _ .. _ ...... _ ............. _ ....... . 
29. 2-Ch1ot~ ._._._._. ____ ... ____ .M_ .. 
30. 2-011orophenol ...... _ ............... ____ .. _. ____ . __ ..... _ 

31. 4-OW~ e!!'let .. _. 
32. ~ne .. _-_ ... _. ___ • _____ .• _____ .... . 
33. Oibenzo(a,~eoene ... _ ........ ______ • __ .. . 
34. Oibromoet1loromelhar>e .. _ ... _ .... ___ • __ ... __ _ 
35. I, 2·0ich1or0ben2ene .................. _._M_. ____ ._ 
36. I. 3·Dichlorobenzene .... , ....... ___________ _ 

606 
611 
611 
606 
601 
601 
601 
611 
601 
~ 

601,602 

601 
601 

601 
601 
612 
~ 
61t 
610 
610 
601 

601,602,612 

601.602,612 

625, 1625 
625, 1625 
625, 1£25 
625, 1625 
624,1624 
624, 1624 
624, 1624 
625, 1£25 
624, 1624 
625, 1625 
£24,1624 

624, 1624 
62', 1624 
624, 1624 
624, 1824 
625,1£25 
625, 1625 
625, 1625 
625, '625 
625, 1625 
624, 1624 

624,.625, 1625 

37. I, .·OichIoroben:ene ........................ __ ._._ ... ___ .. 601,602,612 

62.,625,1£25 

625,1£24,1£25 

Environment Reponer 

.................. &1'0 B 

.................. &010 B 

....... _ ........ &1108 

.................. &110 B, 6230 B 

.... _._ ........ 6210 B, 6230 B 

.................. 62108,62:;0 B 

....... _._ ...... £210 B, 6230 B 

.................. &010 B 

.................. ,6230 B, (j..(IO B 

.................. &0108,&0208 

.................. 16210 B, 6220 B 

................. , :~~:, 6230 B 

............. " ... £210 B. 6230 B 

... _ ........ 62108, £230 B 

.................. 6210 B. 6230 e 
__ .. _ .... &1108 
____ 64 I 0 e, 6420 B 
__ . __ ..... &110 e 

&10 6410 B, ()UO B 
610 &1'0 e, E>4.a B 

.. _M. __ .... £210 e, 6230 B 
___ ._._.. &I I 0 e, 6230 B, 

6220 B 
...... __ ...... &110 B, £230 B, 

6220 B 
.... ___ ..... &110 e, £230 B 

£220B 

... STM 

o.657--B7 
04657--B7 

04657--B7 

o.657--B7 
04657--B7 
04657--B7 

I 04657--B7 
04657--B7 

I 

04657~7 

04657--87 

I 
I 
I 
I Note 3. pI 

: Note 3. P 130. 
NOle 6. p S~02 

i Nole 3. P 130 

i No1c 3. p 130 

No:e. p 130 
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TABLE 1C.-LIST OF ApPROVED TEST PROCEDURES FOR NON,PESTICIDE ORGANIC CoMPoUNDs-Conlinved 

Paramelet' GC 
GCfl.lS 

EPA l.Iet!>od N..,mbe! .. 

HPlC Standard methods 
171h Ed. 

3S. 3. 3·OichlOfO~nzidi!"lE! .......... __ ..... _ ............ _._ .... ___ ._ .......... _ ... _ .. _.__ 625.1625 605 6-410 B 
6230 B 39. OichiOfochfIvOfO~!"lE! ......................... _ ... __ ._._._........ 601 .... _ ............................ _ ....... _ .. . 

~O. I. 1·DichIOfoelha" ........ ___ .............. ____ ...... _....... 601 62 •• 162 • 6230 B. 62,0 B 
.................. 6230 a. 6210 B 
... _ ........ _ .. 623'0 B. 6210 B 

oil. I. 2·00chlorDelhar>e _ ...... __ ....... _ ......... _. ___ . ___ .. _...... 601 62 •• 162 • 
~2. I. l-Oich1o<oethene ................. _ ......... _ ........ ___ ........ 601 62 •• 1624 
.3. It.ns·l. 2·Oichloroelhe'>e ...... __ ........ _ .. _. _____ . __ .. 601 624.1624 ........... _ ... _ 6230 B. 62,0 B 
.... 2 •• ·Dic~aa"lQ/ ........... - ....... - ............. - ... -.-............ _....... 604 625.1625 ._ ......... _ .... 6-420 B. 6-4,0 B 
~5. I. 2·00chlOfoprt>par>e ....................................... _ .. _ .. _ ... _._ 601 62 •• 1624 __ .......... _ 6230 B. 62,0 B 
06. cis·l. 3·Dichloroproper>e ................................. _ ............ _........ 601 62 •• 162. 6230 B, 6210 B 

6230 B. 6210 B 
&'c'OB 

.7. 1r.",·1. 3-D>cI1Io<oproper>e ........................................... _........ 601 624. 152. 
~S. CAelhyl Vlhalele ...................................................................... 606 625. 1625 
.9. 2 •• ·0imethy1~ .......................................... _.................... 604 625.1625 6-420 B. 6-4 lOB 

&'c'OB ~O. CAmelhyl phthalale................................................................... 606 625.1525 
~1. Oi-r.-boJ¥ phthalelt.................................................................. 606 625.1625 €oil0B 
~2. Oo'''-OC1lf ph!halele.................................................................. 606 ~~. 1625 6-4 to B 
53 2. H).rn1I'op"lenoL.................................................................. 604 625. 1625 6-420 B. &.C I Cr B 

6-4,08 ~. 2 .• ·DinrtOloluene..................................................................... 609 625.1625 
~. 2. 6·00Mro~olvene.................................................................... 609 625. 1625 6-4108 
~6. EptChlorohyd:'rn ................................................................................................. _. _ .............................................. . 

57. EI!'1y1beo.Zt><>e ........................................................................ _.. 602 
5S. Flvoran:he ............. _ .......................................... _..................... 610 
59. Fluorene ....................................... _ .. _...................................... 610 
60 Hexachlorobe~er>e................................................................. 612 
61. HexachlorobLJled'e'>e............................................................... 11'2 
£2. HeX1chlorocyclopv.:ad;ene.................................................... 612 
63. He .. chloroelhene.................................................................... ele 
&.C. ldeno tl.2.3-ctl)?yl'ene ............................................................ 610 
65. Isophorone ................................................................................ 609 
66. Melhylene chloride_................................................................. 801 
67. 2·Me:hyl .... &-drnitrophenol....................................................... 604 
68 Naphtha\ene ............................................................................. 6'0 
e9. Nltrobenezene .......................................................................... 609 
70. 2·NitTophenol............................................................................ 604 
71 .• ·Nrt'op~ .................................................................... _...... 604 
72. N.N't'o·soch'T>ElI¥am'ne! .......................... _ ............... _......... 607 
73. N.Nrt,osod;· .... prop)'lam'ne ....................................... _............. 607 
7 •. N.Nrt'osodopl"l~8rr..ne ...................................... _.................. 607 
75. 2.2·0tyb<s( t-chloropropane) ............................. _ ..... __ .......... 6' I 
76. PCB,'016 ............................................................... _ ... _........... 60S 
77. PCB· 1 22 1 ................................................................. ___ ._._._ 608 
7S. PCB·1232 ................................................................. _ .. _......... 60S 
79. PCB-l~.2 ............................................................ ____ .... _ 60B 
60. PCS·1~I,S .............. _ ................... _ ............. _ ..... _ .. __ . __ .. _.. 606 
el. PeS· •• ~ .............. _ ........................................ _ ........... _ .... _... 60B 
P2. PCB·, 260 ........................................ __ ............... ___ ...... _ 60B 
83. Pent.chlorophenol ..................................... _ .. _ ........ _ ... _ .. _.. 604 
a.... Phenenln.er>e ....................................... _.................................. 610 
85. Phenol ................................................................ _ .... __ .......... 604 
86. Pyrene ................................................... _.................................. 6'0 
87. 2.3.7.6-Te\'ect>lorOdiber.:o-p-dioxln ................................................................. . 
8e. '.1,2.2·Te".ct"rIoroethane....................................................... 60' 
BII. TeI'achloroether>e ... _ ........................... _.................................. 50' 
90. To/..ene ........... _ ................................... _ ..... __ .. _ ...... _........... 602 
&1.1.2 .•. Tnchlorobenzene ....................... _ ............ _ ... __ .. _...... 6'2 
112.1.1.'·TrichlorOelhene ........................... _................................ 601 
S3. 1.1.2·T'ichlOf~ne ........................... __ ............... _............. 601 
114. T.ocNoroe!hene ............................ _ ...... _ ................. ___ .......... 601 
&5. Tricnlorolluorornethar>e ....................... _ .................... _ .. _...... 601 
96. 2 .•. 6-Tnchloropt>e:IOI ........ _ ...... _ ......... _ .... _ .. __ ... _ ....... __ ... . 604 
117. V,nyl chloriOe .................................................................... _...... 601 

TeOIe Ie ncrI~: 

62 •. 162. 6220 B. 6210 B 
625.1625 6'0 6-4 to B. &.CAO B 
625.1625 6'0 6-410 B. WO B 
625. 1625 &.C lOB 
625.1625 6-4'0 B 

'625.1625 &.Cl0 a 
625. '625 6-4108 
625. ,625 6tO &.C'O B. &.CAe B 
625. , 625 ................... &.C, 0 B 
62 •. , 62. 6230 B 
625. '625 6-420 B. 6-4,0 B 
625.1625 6,0 &.C'O B. &.C40 B 
625.1625 &.Cl0 B 
625. '625 &.C10 B. 6-420 B 
625. , 625 6-410 B. &.C20 B 
625.1625 6-4 to B 

'625.,625 &.Cl0B 
'625. ,625 6-4 lOB 
625. '625 6-4 to B 

625 &.C 10 B 
625 &.C lOB 
625 604'0 B 
625 ~ .................. I&.Cl0B 
t;25 , ................ .. 
G25 t .................. 604 10 B 
625 t .................. 604 lOB. 6630 B 

625. lE25 [ .................. &.Cl0 B. 663:) B 
625.1625 610 &.Cl0 B. WO B 
625,1625 I· ................. 6420 B. &.C,O B 
625. '625 I 6'0 &.C'O B. WO B 

·613 , ................. . 
624.162. f .................. 6230 B. 6210 B 
62 •. '62. t .................. 6230 B. 6210 B 
62 •• ,62. (' ................. 62'0 B. 6220 B 
625. ,625 I .................. &.C'O B 
624. 162.1 .................. 62'0 B. 6230 B 
62 •• 162 ................... 62'0 B. 6230 B 
62 •• ,62 ................... 62'0 B. 6230 B 

82 ................... 62'0 A. 6230 B 
625. 1625 l .................. &.C'O B. 6240 B 
62 •• 162. l .................. 62,0 B. 6230 B , 

Ooe57~7 i Ooe~7~7 

I , I 0065,...{l7 

i 
I 
, 00657 .. 27 

No1e 3, P: '30 No.e 
6. p S1C2 

, NoIE 3. p.l30. 

: Nole 3. ~.3 
NOle 3. p 43 
N01e 3. p.3 

. t~ole 3. p ~3 

I Nol. 3. p.3 
; NYle 3 p 43. 
I No', 3. P '4:) 
, 
! 

, Hole 3. p ,30 
: No,e 3. p.130 

I 
, Nole 3. p'.O. 

I Nole 3. P ,30. 

l 
I 

I 
/ 
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I All paramelers are ex;>ress.ed in micrOTams per li:er ("g'L). 
• The 'uliletl of Methods 601-613. 62'. 6Z5. 1624. arid 1625. are given II Append;" A. "Tesl Procedures lor AnalY"is of Or~n.t PC)1hJlln15." 0' th,s Parl 136 

The star>dardLZed test procedufe to be used to Oelem1lf'18 the method Oelection IirTwI (MOL) lor these lesl procedures " g,.en .t Append'. B. "Del",,"on ."d 
PrOCed",re for the DeIE!!mll"l8IJon of lhe Met~ Delection LirM" of this Part 136. 

I "Met~.ods 101 Serwdine: O"*oaled Organic Compounds. Pentec~'~~ and PesticiOes in Waler and Wasl~aler." U.S EnvirOllmt"la! f'TOIKhO"1 A~('ncy. 
Seplemt>ef. 157B . 

• Melt>od 624 may be etle,~jed 10 screen sample5 101 A:::roiein arid ActyIorVtriIe. However. when tt-.cy Ire ~nown 10 be presenl the prerP.ned mett>od 101 these 
two compounds is Met'>od 603 01 l.IethOd 162 •. 

• Me:hod 625 may be exlended 10 inctLlCle benzidine, hex8c~.lo<ocycIopentadiene. N·nitr~umethyamine. arid N·nrlrosodiphenyiamone. How~eI. When they are 
known I~ be presenll.lelhods 605. 607. and 612. 01 Metr>od 1625. are preferred methods 101 these compounds. 

" 625, Screenir>g only. 
• "Selec1ed Analytical l.Iethods "ppro.ed and Cited by It-. Uni1ed Steles Erwironmenlal Prolection A~:' Supplemenl to the FJt\eenth EdrI>on of Slarldard 

!,;ethods 100Ihe Exam,roabon of Waler and Waslewalet (1961). 
, Each aflalysl musl rr.a~e an irllul, one-time Oemonstralion of their &bilrty 10 ;.nerale acceplable pr.o~ and accuracy..."h Methods 601-603.62'.625, lEN. 

and 16Z5 (See Append;" A of this Part 136) in aCCOfdance with procedures each in MCtion B.2 of each of these MelhOds. Add'llOfla lly, nch llboratory. on and on •. 
going bues muSI spike and INI)'2e 10% (5% for Methods 62' arid E25 ar>d 100"1. 101 l.Ietr>ods 162' ar>d 1625) of all samples 10 morwlOl af'ICI ev"uate llboralc"y 
data QlJllrty in accordance WIth nCbOns B.3 and 8 .• of these l.Iethods. When the recovery of .ny parameler falls outside the ..... min; hm,lS. !he aflal)'\lCal resu~.s lor 
thaI parameler in the unspikod S1~ are susp&CI and cannol be reporled 10 clemonslrale reg-.Jialory compliance. 

NOTE: 'Thp.$e ... am;ng bmrts are p'om~g!led as an "inlerim fiNI action with • request lor commenls." 

TABLE 1 D.-liST OF ApPROVED TEST PROCEOURES FOR PESTICIDES I 

[Table ID revised by 56 FR 50759, October 8,1991] 

Parameler "gIL 

I. A:ct.,n ................................................ . 

2 Amel")"'. 

Method 

GC 

GC/MS 
GC 

3. Amincr .... ~ ............................................................................................................. _ ...... TLC 

• Alraton ........................................................................ _ .............................. _ .................... GC 

5 AlriUl!'\e .......................................................................................................... _ ................ GC 

6 Al,"""os metl"lyt ....................................................................................... _ ..................... GC 

7. Ba.-ban ....................................................................................................................... _ .... . TLC 

B. a-BHC ................................................................................................................................ GC 
GC/t.lS 

9 fJ-SHC .............................................................................................................................. GC 
GC/t.lS 

10. 6-BHC ............................................................................................................................. GC 
GC/MS 

I'. ')'-BHC (Lindane) ................................................................................................. _ ..... _ .. GC 

GC/t.lS 
12. CaplAn .............................................................................................................. _ .... _ ....... GC 
13. CartYyI ............................................................................................................................. , TLC 

I •. Carbopher>ethion .......................................................................................... _ ................ 1 GC 

15. ChlOldar>e .............................................................................................................. _ ........ GC 
GC-MS 

16. CrlIOIOplopl'\am .......................... _ .......... _ ....... _ ............................... __ .. _ ..... _._._ .......... TLC 

1 7. 2,.-0 .... _ ....................................... _._ ................................................................. _ ........... GC 

18 .•. ' '-0-000 .......................... _ ..................................................................................... .. 

18 ..... ·-OOE ........................................ _ .. _ ............ _ .............. _ ............................................ .. 

GC 

GC-t.lS 
GC 

Enwonment Reponer 

EPA method number 

EPA" 
Standard 
methods 
17th Ed. 

SOB 6630 S & C I 03D86- 9:> 

625 6el0 B 

60B liSlO B & C 03086-90 
625 6410 B 
608 6630 C 10:\086-90 
625 6',0 B 
S08 663{) C I [)3D86-9O 
625 6410 B 
60S 6630 B & C ~~OB6-9O 

625 6410 B I 
' .................. 16630 B I tl3086-9O 

ro6 66~0 B & C 03D86-9O 
625 6410 B 

.. _ ... -......... 6640B 

608 6630 B & C 03086-90 

625 6410B 
608 6630 B & C 03086-90 

I 

I 
Nole 3. p. 7. Nele '. p 

30. 

I
· Note 3. P B3. Noie 6. 

p. S68. 

,
. NOle 3. p. ~. Note 6. 

p.SI6. 

I 
No:e 3. p. 63. NOle 6. 

p. SSB. 

I 
N~e ~f1.' B.1. Note 6, 

Note 3. p. 25. Note 6, 
p. 551. 

I
· NOli 3, P 104. Note 6. 

p.564. 
NOle 3, p 7. 

I 
Nole 3. p. 7. Note ., p. 

30. 

Note 3. p. 7. 
I Nol. 3. p. 94. NOle 6. 
I p 560. 
I NOli '. P 30. Note 6. 

I 
p. 573. 

Nott 3. p. 7. 

Not. 3. p. 104. Nol. 6. 
p.564. 

NOli 3. p. 1 I 5; NOli •• 
p.35. 

Noll 3. p. 7; Nole '. p 
30 

NOI. 3. p. 7; NOle '. p. 
3{). 
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TABLE 1 D.-LIST OF ApPROVED TEST PROCEDURES FOR PESTICIDEs'-Continued 

5-899 
131:4211 

L EPA method number I 

I, -·...,-----,--S-ta-nda-,-d ...,.--- OST.-:-l Fa,ame!er "giL 
M~thod EPA" methods ....... 

17th Ed. 

GC-MS 
20, .,.'.-OOT., ........ _ ..... _ ........................................................... , ... , .................... _ ................. GC 

GC-W,S 
21 Demet~ ....... _ ...................... , ........... , ......... , .... , .......................................... , .............. GC 

n Dem&nto~S ......... , ..•............. _ ....... " ......... , ....................... , ............ , .......................... _ .... GC 

23 O.azinon " ......... , ..... ,._ ................................. , ..................... ', ... , ......................................... GC 

2'. Dicamel .............. , ............................. , ... , ................................ , ......................................... GC 
2S, Dichlolenthion ' ........... , ............................ ,...................................................................... GC 

26 O'chlo'a~" ... , ........................................................ , ......................................................... ..1 GC 

;~' ~~~~n':::::::'::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::! ~g 
I I GC·MS 

,9 L).o.thion ...... .. ............... ,., ...... ' ....................... ,., GC 

1 .......... , .. ' .......... ".""." .. '., GC 

. , .. "."",,1 TlC 

'''"·"" .. ,, ..... ,,· ...... ·.1 GC 
I GC-MS 

." ...... " ............. " .................. ' GC I GC-II.S 
... ,' ......... ,,""', .. , .. ,""',., ... , .. ,",", ........... ,',. GC 

3, Enecs~llan I"" """" .. 

::3 EndOSullan II " ...... ""." 

34 Er,dosuifan S:JI~a:e ''', 
GC· .... S 

35 E"u"n., .............. , ........... ,', .... , .. ,',., ... " ..... , .... " .. ".,' ... " ...... " .... ,.,,, ........... ,,,.,, ...... , .............. GC 

GC-"'S 
36 End"'; a1dehy6e ... " ..... " ..... "" ... "" ..... "." ... "." ...... " ..... " ... " ..... "." ..... , ...... """ .. " .... ,,. 
~7. fthoOn .... " .......... " .... " ..................... " ......... , .. , .. " ............ " .... , ....... " .. " .... " ...... " ....... _ ... 1 GC 

38 Fenu'on """.""".,. " ... ".""."" ...... " ................ " .... " .. " ... ""." ... ...1 TLC 

39 Fenu.on-1CA, .. ,."" .. "" ..... " .... " ... " ... " ... "" ... , ...... " ... "" ........ " .. "." ..... ,, .................. TLC 

'0. He;>tachlor ........ , .......... , ....... " .. , ..... , ... ,', ... ,,,' .... ,", ............ ,, ........... ,, .... , .......... ,, ...... ' ...... . GC 

'5. MethiocartJ, .......... " ............................... , ......... " ...... ' .......................................... ' ............. TlC 

45. Melhox)'Chlor ................... , .... ,." ... , .............. , ..................................................... , .............. GC 

.7. Mexaeerbate ._ ............ , .. " ........ ,' ...... , ............................................ : ••..•.•.. _ ...... , ••• _ ...... _ .• flC 

625 16410 B 
608 6630 B & C 

625 6410 B 

6630 B 5 C 

608 1 6630 B ... C 

525 60'10 B 

L":·::'''·::·::' 
608 116630 B & C 

• 625 6410 B 

60816S30 B & C 
• 625 6410 B 

608 6S30 C 
625 6410 B 
608 , 6630 B & C 

1625 16410 B 
GC 608 

608 6630 B & C 

625 6410 B 
608 6630 B & C 

625 6410 b 

.................. 6630 C 

6630 B & C 

03085-90 

1
0306

5-90 

I 
I , 

I::::: 
I 
, 0308frPO 

03065-90 

03065-90 

1'-15-91 Published by THE BUREAU OF NATIONAL AFFAIRS. INC., Washington, D.C~ 20037 

Ct~er 

Note 3, p. 7. NOle 4, p, 
30 

I 
Note 3, p. 25; NOle 6. 

p SS1. 
Note 3, p 25; Note 6. 

, p. S~1, 

, 
I 

Note 3, p 25; NOle 4. 
P 30; NOle 6, p. 
S~'. 

Nole 3, p. 115, 
NOle 4, p 30, Nole 6. 

p S73. 
NOle 3, p 7, 

Note 3, P 7. Note " p. 
30 

I 
Note 4, P 30, t\o',e 6 . 

p 573 
Ntle 3, p ~5. '~o!e 6 . 

~ P S51 . 
I I-<ole 3, p, 104; t.lo!e 6. 
I p 5-&4, 
i ~Ie 3, Po 7 

I N:lle 3, p 7 

! NOle 3 ... 7. No:e '. p I 30. 

! NOle c, p 30. Nole 5. 
i p 573, 
: ,",OtE 3. p, 104; Note 5. 
I p S64, 
, Nole 3. p. 104; Note 6. 

p 564, 
Nole 3, p. 7; Nole c. p. 

30. 

Nole 3, P 7. Nol~ 4, p. 
30, NOle 6. p. S73. 

Note 4, p, 30; Note 6. 
p.573, 

Nole 3, p, 104. NOle 6. 
p 504, 

NOIr 3, p. 25, Nole c . 
I p 30. Note 6, p. 

551. 
NOle 3, p. ~; Nole 6. 

P 560. 
Note 3, p, 7; Nole 4. p. 

30, 
NOlt 3, p, 94; Note 6, 

p,56O. 
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TABLE 1 D.-LIST OF APPROVED TEST PROCEDURES FOR PESTICIDEs'-Conti:"lued 

P&:'amele< "gIL 

I EPA method n=t>e<T r---I SllnCard i Melhod EPA" meth()~S! 

~8. MITe. ................ _ ............................ _ ..............•......•.........•.......••......•....•................... _ •..... GC 
49. Mon~'on ...........•. _ .............................. _ .............................•..............•. _ ...•....•................... TLC 

~. Monuron ............... _ ................................................................................ _ ... _ ............. _ .... TLC 

51. N~buron ................................................................................................................... _ .•.. TLC 

~2. Pa'athion methtl:.· ............ ·· .... ····· .. ··.·.·····.···.··· ........................ _ ...........•..........•.. _ ....... '" GC 

53. Pa'athion ethyl .........................................................................•............ _ ........................ GC 
~.pCNa ............................................................................................................................... GC 
55. Pe'1hane ...........•......................................................................................................... _ ... GC 
~6. Prometron ....................................................................................................................... GC 

57. Promelryn ..................................................................................................................... . GC 

GC 58 ProPo2i"e ........................ . 

~9. Prop·.am ........................ . TLC 

6. StrobCIne ........................ .............................. . ....•....•................................... GC 
65 5 .. ep ......................................................................................................................... " TLC 

66 2 .•. 5-T ........................................................................................................................ GC 

(;7. ~~.5-T? ISd"ex} .................... . 
I 

................................................................ GC 

68. Te""blJlhylu1r>t! ....... _._ ..................... . ............................. _ ...... _ ................... _ .......... 1 GC 

................................................ j GC 

I GC/MS 
70. Tnfh .... al.n .. _ ..••... __ ._ ••.•....... _ ........................................................ _ ..................... _ ..... 1 GC 

69 To,~~ .......... _ ........ .. 

I 

17th Ed. 

6630 B & C 

6630 C 

6630C 
6630 B & C 

66308& C 

[ ................. ·16~0 B 

.................. ·664:1 B 

l. ............... .1 

608 ! 6630 8 & C 

6:<5 : 64~C 8 
................. 1 66308 

03086--90 

03086-90 

NOli 3. p. 7. 
Nole 3. o· 100«. Note 6. 

O. $6.01. 
Note 3. O. 100«; Note 6. 

o· $6.01. 
Nole 3. p. 100«; Note 6. 

p $6.01. 
Nol. 3. P 2~; No:e •. 

p.30. 
Nol. 3. 0 25. 
Note 3. 0 7. 

Nole 3 0 63. NOle 6. 
p SUo 

Nole 3. 0 e3. NOle 6. 
p S68 

Nole 3. 0 63. No~e 6. 
o S68 

NOlt 3. 0 ,e,.. No:e 6. 

I 0 $6.01. 
NOle 3. 0 SA. ~c·~e 6. 

o S60. 
NOle 3. 0 63. !'ole 6. 

o S6e 
Note 3. 0 , 04. NOIE 6. 

o $6.01 
NOle 3. 0 E3. r,o'e 6. 

o S68 
Ncle 3. 0 7. 
Note 3. p , V4. NOIE 6. 

o $6.01. 
NOle 3. 0 "5. "-0'e •. 

o 3S 
,NOI~ 3. 0 "S 

NOlI: 3 ~ e: ~'o:e 6 
; 0 s.se 
I NOle 3. ;l 7 NOIE ~ 0 
I :;0. 
• i Note 3 0 7 

Table 10 Notes.: 
I PestiCIdes .'e hsted in this table by common name lor !he COI'IVeruenee 01 !he 'ea~. "cSditional pestlcid.,s may be lound under Table lC. whe<e ,"H,es a'e 

l:stoe! by chemical name. 
I The fullleX1 of Methods 608 and 625 a,e given al appendil A. "TIlSI ProceOvres IOf "l\Itysis 01 OrlflniC POliulants." 01 ItlIS pe<1 136. The '!a"'c:a'~l2ed lest 

procedure 10 be ueed 10 delermine !tie method delection kmn (MOL) lor thes4! ~st proced~'e5 is gIVen al append .. 8. "Def.nilJOn and PrOCe-cMe lor Int Delr''''''at,or 
01 !he Method Detection LJml\", 01 this pan 136. 

• "Methods for Benrone, Chlorinated O<ganrc Compovnds. Pentac!'llOfophenol and Pesticides in Wal .. and Wasl_alef." U.S E"wOf",. .. ..,U,1 PIO:P;~ "'~f'oC)·. 
Sep:8'T1ber, , 978. ThIs EPA P<Jbhoation includes thiTHeY" clvom8to~y (TLe) methods. 

• "Methods for Analysis 01 O<~anic Substances in WIlIIK and f!'lwial Sediments," Techniques 01 WaIIK·Resour;es lr.veslig31'on1 of !he U S G~al Su"ve)' 
Book 5, Olapler A3 (I ~7). 

I The melTlOd lTIIIy be eX1ended 10 include g·8HC, &·BHC, endos.uHan I, encSosuHan II, and endrin. Howe-ver, wt>e1'Il~ Ire known 10 ,list, ""1"« 608 IS 1'>1 
pref8lTed method . 

• "Selected AnaIy1icaI Methods ApproYed Ind Cited by !he United Slales Etwironmenlal 1'T0tection "gency,- SuppierTlenl 10 the Fiftul'lth Ed,:,on ell SII<'IOI'd 
Method. for the Examol\ltion of Waler and Wast_aler (198 I). . 

, Eac:l1 lnalyst must make an initial, on&-time, cIemonsllllion of !heir ability 10 ~ate acce-plable precis~n Ind acc-.. acy ~ IoIethoOs roe a"" 625 (~ 
appendix" of tnia pan 136) in accordance with pl'oc:eOurH given in sectIOn 8.2 of elen of these melhods. ~rt>Ol'llllly. eaCh labofatory. on an on-QOIng bas-so muSI 
5pi~. and analyza 10% of all umples analyzed with Method roe Of S% 01 all urnples analyzed with Melhod 625 10 rnol'Mtor and e-valuale lal>oralO')' ClII Q.Jal.1) I~ 
Iccordance WIth Sections 8.3 and 8 .• 01 !he$e methods. When !he rec:ove<)' of any parame1IK falls OIItSide !he W8ming Iimots, the lnaty'local 'MUllS tor thai PI'."""er 
in !tie unspiked sample are 1Uspec\ and cannot be reponed 10 demonstrale regula lory comphance. These QUIlrty cont'Ol 'eQuilltlTletlts also apply 10 1"* SI.anoa'd 
IoIett>ods, "STM IoI.ItlodI, and o~ Methods cited. 

Non: These warnng limits are promul.ated u an "Inlerirn final action with • ~I fOf comments." 

[Sec. 136.3(1)] 58 , 
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s-e~9 

13':42'3 

TABLE IE.-lIST OF APPROVED RADIOLOGICAL TEST PROCEDURES 

[Table J E revised by 56 FR 50759, October 8, J 991) 

Refe<8na! (method "umber or page) 

Par.mel..- &rid uni'.s EPA I 

---- -1-- . --

Slartda,d I ' 
rr.ethods 17111 ,l.STM I USGS' 

Ed. i i 

1. A1pha·Total. pO per liter ._ ....•............. Proportional or scin:illation oo-.;nler ....................... 900 
2. ,l.Ipha-Countn; ...,or. pC per liter ...... Proportiol\&l or w:intittation counter ........ _._ .......... App&ndix B 
3. BeIa·Total. pC p8f. ...... _. __ ... _ .......... Proportiol\&l co<.mler .. _ .... _._ .................................. ~.O 
~. Beta-Covntll'lg e<rof. pC .... _._ ..... _. Proportional counler ............................. _ ............. Appe">dix B 
5 (I) Rad>..rn Total pC per Irter .•............ Proportiol\&l counler ................................................ &:)3.0 
(b) "ORa. pC pe' ~ ........... _ ......... _ ..... Scintillation counter ................. _ .............................. &03.1 

7031D1S,:;-81 ! pp 75 arid 75' 
703 ! DI9'HI ! p. 79. 
703 ' D189~1 ! pp. 75 a"(l 78' 
7031 Dle~-el : p 79 
705 D2l&O-70 ' 
706 ; D3.~-7~ : p. 81. 

, 
Table IE Noles: 
I "Pres.::nbed Proced""es for Meawreme,,' of Radioactivity ill D"mk;"g WeI8l'.- EPA-600/.-8O-()32 (1980). US E",,~onme"\lI1 Prole-cM" "'~"CY. Aug.JS\ 19SG 
I F.vo-nan. I.IJ. a">d Brown. Eug81)8. "Sele-cl&d MethOOs 01 the U.S. Geological S~ey of Analys's of WU~ewl!!ers" US. Geolog=l Su-vey. Ope".c,le Repo'l 

76-177 (1"6). . 
• The me:!'>od found on p. 75 m6awres onl)' the dissolved ponior. wh;;e the method on r 78 me2S~res only the s.u~ pcYI>On Tr.er;-!oc&. l'>e ''''0 resJls 

~I.IS: be aOOed 10 OOU"" the "total". 

[136.3(b) re\'ised by 56 FR 50i59, Octo­
ber 8, 1991) 

[b) The full texts of the methods from 
the following references which are cited 
in Tables LA.lB, IC.ID. lind iE lire 
i;-.corporated by reference into this 
regulation and may be obtained from the 
sources identified. All costs cited are 
subject to change and must be verified 
from the indicated sources. The full 
texis of all the test procedures cited are 
a\'ailable for inspection at the 
En\'ironmental Monitoring Systems 
Laboratory. Office of Research and 
Development. U.S. Em'ironmental 
Protection Agency. 26 West Martin 
Luther King Dr., Cincinnati, OH 45258 
"nd the Office of the Federal Register. 
room 8301.1110 L Street. NW .. 
Wa~hing\on. DC 20408. 

References, Sources, C05ts, and Table 
Citations: 

(1) The full text of Methods 601-613, 
624,625.1624. and 1625 are printed in 
appendix A of this part 136. The full text 
for dE'termining the method detection 
limit when using the test procedures is 
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panmet.en or poilutantJ mu&t be 
reported. Under such circumstances. 
additionalle.6t procedures for aD&lysis 
of poUNst. may be specified by the 
Regional Admini,tralor. or the Direc.lor 
\Jpon tile recornmeI'ld£tion of the 
Director of the En vironn:Iell tpJ 
Matritoring Sys1emJ LahoralOl}' 
Ci~ati. 

[I 36.3(c) amended by 56 FR 50759. Octo­
ber 8.1991) 

(d) Under cert.aln ciTcwnttances. the 
Adroi.:lbtrator may approve. upon 
recommenaatioo by tbe Director. 
Em'irorunental Monitoring Systems 
La OOrlllory-Cincinna ti, additional 
altemste tell! procedure. for natioov.;de 
use. 

[136.3(d) amended by 56 FR 50759, Oc­
tober 8,1991) 

(e) Sam~ preo&ervation procedures, 
container matmals .• nd TPl8XimlU!l 

a!lowetXe holding times for pRT'alM\ers 
cited in Tab/ell IA. lB. IC. ID. and IE are 
preB'Cribed In TII~ n. Any person may 
apply for II \"Bnance from the pre!c:ri~d 
preservation techniques. container 
materieJa. and maximum holding times 
applicable 10 samples taken from 8 

specific dischaT'8e: Applica tions for 
vartari.cn may be made by letten to the 
Region.a..\ Administrator in tJie Region in 
which the discharge will occur. 
Sufficient data should be provided to 
auure such variance does not ad"'erscly 
affect Lhe int.epit)' of the sample. Such 

data If.iU be forwarded. by the &giooa! 
Adrniniwalor, to the Director of the 
EnyironmeoW Mowtoring Sy!tems 
Laborlilol}'-Cinc.inneti. Ohio for 
technical I'!yiew and recommer>datioru 
for action on the variallce appUcation. 
Upon I'!ceipt oC the recommendations 
from the Director of the Environmental 
Monitoring ~steDU Labor~ory. the 
Regio.n.a! AdmiIli'tr~tor may g:-ant a 
variance af1Pliaible \0 the 5peciIic 
charge to LIte applicUlt. A decision to 
approve or deny a variance will be 
mede within 90 days of receipt of the 
application by the Regional 
Administrator. 
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[I 36.3(e) amended by 56 FR 50759, Octo­
ber 8, 1991) 

TABLE II.-REQUIRED CONTAINERS. PRESERVATION TECHNIQUES. AND HOLDING TIMES 

[Table II amended by 55 FR 33439, Au­
gust 15, 1990) 

',II I ,..~ 1,&,-SIC1e"ll i"ts 

~'b!1~~~;~~~:~dl~~.I"···::i :: ~ : ••. : ... ·.:.I!' CooCoo ...... :.' :.:CC·<· .. ·.~.:·.· .. · .. ~.·.· ... !4..· .• ·:.·:.s,: ... O'.: .•.· .. :·.· .. 1· E ~OcO:.· 
~. ~~.~;~;~ ..................... :.:::::::! :: ~:. ..... _ ' u ~yI 

: :~,,::~, ory~'. ~~;:,;;:::::::: .......... ::::'::; :: ~. :1 g::: ::g:~~:.I~ .. ~.<~.::::.: ~: ~ 
" 6.om.Oe ............................................................. i p. G. 'j None r~ • .o ............................ 2. ~yI 
u 6 « ... ""c.l1 or')?l" oe .... l'>d. c.l1'I>O .... ·I· I' G .. ··1 Cool. "C ................................... ; '1 '-" 
t~ ! 

,S c ......... ' ory~·· oe ..... l'>d ...................... '1 p. G .... I Cool .• ·C. H.s.o. 10 p"l<2 ...... ' 21 ~yI 

l~ ~~:.:·1.01A~.'.~~~~:::::: ::-:.: ..... : .:::::::::.:::::::1 :: t ... :::.:::J :~::~:::::::::::::::::::::::::::::::.:! ~;-a~ --"II~ 
23-2' CT''-. lOll' .I'>d '_'.obl< 10 Chi"' ..... ' p. G .; Cool .• ·c. N.D>-! 10 pi< > '2. u O.y •• 

ir~~;:~· ... . ....... :.:: .. :::::::.:::1 :.G .:: ...... :.: ~~';~·~:~<7'" ~;So: 10' ;1"::". 
I p"ld I 

.... .' None .~ • .o . . I ....... Iy7. _I . .,. 
Cool. .·C. MoSO. 10 p"l<L ... 21 CIIys 

I 
21. "lyc)rOQe0 ",n IP"lI .............................................. p. G .. 
3'.'3 K,..oohl.1'>d "'~"" rwI • .., .................... p. G 

litAe\aIs.:' 
11 ChrD""vrn Vi............. p. G .... Cool .• ·C.. .. ~" hour, 

. : 21 O.ys 
E rno~I'" 

35 ..... CU'y............. p.G... HNO'IOP"l<2 .... 
3. $-1. '0. '2. '3. '8.20.22.26. 2S. 30. 32- p. G .............. 00 .. .. 

30. 36. 37. '5 .• 7. 5'. 52. 506-60. 62. 63. 

31~;:~C~~~ .. ~·~~: .. ~~: ... =:~ ... ~: .. p. G ............. Cool .• ·C........! '1 ~, 
:~. ~~.:::~.:::::::::.::::::::::::::::::.:.::::::::::::::::.: ~: .~.:::.:::::::I 51 ~~g~~:~.~~:oo;:::o.! E =, 

to pH<2. :: =; ..... ::.:::::::.:::: ... :: ... :: .. ::::::::::.::.:.:: :: :.:::: .. : ...... ::. ::2iL::o~:~~'o 1.1:' 
£6. 0ryperI. C)Iu.oIy.o Pt~ .................. _ .............. G :"11 II'>d I No .... reQ"".o .. . .......... j ....... Iy7. """-'"~J 
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TABLE n.-REOUIRED CONH.lNERS, PRESERVATION TeCHNIOUES, AND HOLDING TIMEs-Continued 

P.r.rnelet Nc.I......... , Co-IIa,_ I I P!.Ioe'V.toon " ---"T;':,::;;;'~'';''''. 

~. §J.:~·":::~-_II ~~- ~(t:::~: :::! l:~:U 
S5 F\ooscIuI. Nonf., ... bIe (TSS) . . " P. G .' . .... ...00.. .. 7 diY' 
5E Anduo, Senlo.bIe ........ ., p. G. ....... .00.. .. ... I" hQuf, 

:~: ~" .. ~~.~.::::::::::. . .. 1:' G .. . ... .:1 ~,d~~~, 
64. Sp.QIc con6uC\ara...... 'I P, G ...... dO 'J 00 
65. 5.11.,................ P G ... 00 00 

66 S<JIf.oe................ "I' p. G·:
I
. ~I:. .::...~.~"' Z~ .e."'. 7 COY' 

.""' ~_ P>yd'o.oOe 10 
i 1 pH>, 

.......... 1 p. G.... ..., No"" '.o ..... d 
, P .G .' Cool .• 'C. 

67 5.11" •. 
6E SurI.ell nil ... 
£9. Tempe,.I",. 
73 TLJt>oorty. 

T.DIe IC-Q!g.noC Tos,. , 
'3. ,'-Xl. 22. 24-2e. 3'-:37. 39-'3. '5-.7. 

56. 66. ee. S9. &2-95. 57. Purp".bI. H.,I). 
t'~"'1 

6.57. PO P"'~"blt .'omaloC hyd,,,,.rt>on, 

23. 30. ". OS. ~3. £7. 70. 7,. e3. e5. K 
Phenols II, 

7. 3e 6,r"zldrne, II 
". 17. oe. ~52 P~I""III •• 11.,," ... 

76-62 PCB." .crylOMnle .... 
SO. 55. E5. 69 N~'OI'ornala.nd ~o ..... " 

1. 2. 5.8-'2. 32. 33. ~. 5&. 60. U. 60. 66 

p. G .1 No"" 'f'Q""'d 
p. Gl COOl. "C 

G. T.~lon. 
kr>ed 
lep11,.1m 

... do 

dO 

.... dO ... 

.. .. 00 .. 

.... dO. 

.00 .. 
00 .. 

.. 00 

CoCI .• ·C. OooS', NI,>.O,· 

CoOl. o·C. DOCS', NI,>'O,'. 
... C, '0 pH2' 

COOl. '·C. OOOS'" "",>'0,'. 
AdJl.,,:'Il pH 10 •• ~ .0 

CooI.O·C oooe', "'",>,0,' 

.. 1 .... 00 ... 

.\ Cool. o'C 

I Cool. 0 ·C. 110'. 
! 0 ooe· ... NI;S,o,' 
, Cool. '·C. 

Cool. o·C. 0008 ... 
110', If''Io.rk 

00 ... 

NI,S.O,' . 

PoIynyCltl' "O"'IloC hyOr~rt>or>I ". 

2
'!·. '36~ 23'7·.32~ 7;3·.~1,0I. 1~·~·I~·;:;;'~.r:·I""·OO' · .... 1 Cool. "C. 0 008', N.,>.O,' 
'~... .......... • """"". ~ "'V _ ..... 00... "I Cool. 4'C..... .. 

E7 TC:>"".. ........................................ .. .... 00..... Cool. '·C. 0008 ... NI,S,o,' 

10 diy' 

Co 

00 

7 Cays ",,,,,1 ".1'IC\l0'" 
4C "I" 1"'If'1 

1 elyi 1.1"11' ,."\'IChO" '1 

7 Olys ""nhl fllllClIon 
.C OI.,S ,'!'1er • 

Do 

Do 
Do 

Do 

Do 
Do 

Do 

,..bI~.';;-:::= ,;~I.~............................ .. .... 00 ............ 1 Cool. 4·C. pi'! 5-8 I ........ . 

".bIe IE-".dooI~al ""ts: 
'-5. Alpha. bell.nd red>ym ................................. p. G ............... H"'o, 10 pI'!<2 ............. . 

· .. 1 Dc 

.. .. ; 6 rno~tl'\l 

Table 11 NOI" 

1 PoIye!hyle"" (Pl 01 Gil .. (G). 
'Sample pr ........ lloon ~hO.I\d be ~OImpd ~I • .,. upon ump!e c:oIIKI>On FOI ~~. ~mrcal u'TOpleS lIeh 

.loQYDI ShOIIld be prtse",.e .1 !he _ 01 COIiK1Ion. wr-o.n uN of an .lJIom1l.e umpler rna' .. ft ompos_ '0 pr • ...,... 
lIeh .~yo~ lhen cnemocal ump!ool rnay be pr~1>d by rna1nll'''ng .1 4'C un!; compooiIlng .nd umplt "",n"'9 " 
complelld 

• When '0)' Slmpl. is 10 be shipped by cotnmOI'I cam.r or .. n! th'augh !hi UM.e 5111" MoIII. ft """I comply WfIh the 
Depe"......,1 of Trlns.po<\ll>Oll ~rdOuI 10111 ..... 1' R~.ubO .... (d CF" P." 172). T .... ~.on o".,ong .....en rna ' .... ' 101 
Irln'PO'llloon is .nponsiblt tor ~ wen compI.ance. For the pr ......... bQr\ • __ nts of T.bIe 11. !hi ()ItoCt of 
Hu •• CIOYs 1oI.1~1'. 1oI11~11 T"'>SPD"IIIJ()t\ Bur ..... Oeporvnanl 04 T •• nsporlllJ()t\ has dela~ !hI1 the 1<a:.,dOYS 
IoIllerllll "~ul'I>OI'II 00 nol apply 10 !he tol~ rna ...... ls: Hydroet>lor>C .cod (I-ICI) in _II" aoIIJIons ., eonce""'I""" 01 
0.04'" by o+g"' 01 .... (ploof abolJl 1.K or V.II.,): Nrtnc K.od (I1No,) '" _II" aoIlJ\JC)rII .1 CD"'C.n1'"lons 01 0 15 ... by _9"1 
or leN !PH .boIJI '.62 01 V .. I ... ): &.It"" aod (~SO.) in .. al ... oh.lIOO~ 11 conean"'I>OnI Of 0.35'" by o+ghl 01 .... IpH 
.boIJI ",5 or gr •• ,er): and ~ P>yOrO'<tdt (HaOH) 1'1 wal .. aoIul>Onl ., cone ....... _ ot O.oeo", by ~I or .... IPH 
at>oIJI 12.30 0110 .. ) . 

• Samplt, li'>OuId be ..... tyz.e u .-. u poealbII all .. c:oIlKIJ()t\. T .... times llll.e .r. Ihe rnu"",,", _I thaI SImple' 
rnay be held before ..... Iysis and ,\ill be eonMIe<.e vahe!. Sampln rnay be held tor Ionger penoOl on.,. ~ the ~""nH. or 
moMom; 1aborll0000, hLI dill on fill 10 .1'Iow thal.the ~IC ty;>tt 01 Slmplel under It..or art 'lIb1e tor Ihe tonga< 1_. 
and hal ~ • variance from !he "~I ~Ir.lor under 1136.3(.). Some 1Irnpit1 rnay "DI be llIbIt 100 the 
maximum II",. plriod ~n in the \able. A peomwnH, 0< mOI'IIIonng Iabor.lOIy. iI obIo9alld 10 hold tha SImple tor a .-.. 
_ ~ ~ .. ltlS 10 ahc>w thaI !hiS iI MCHIIry 10 "..in\aIII IImp1t I~. SH I 136.3(1) tor delalil. 

• Shouid only be UNd in !he prlMnCl of .Kidual chlorine. 
'M&.Unum holding bmt iI 24 hoIA _ W!ttdt iI pr_1 Optionllly an IImpIH rna, be '"I.e wrth 1M(! letlil. _ 

before pH UjVllmonli in order 10 CIe1.,"" .... ft W!ttdt " pr ... "l " autftdt is prntnl. ft can be r._ by Ihe '0d01O'1 of 
caOmium ""ra" pOorder unIIf • ~M apo1 ... 1 iI obIainI>d. Till IImp1t iI H1 .. .e and \MfI N.OIi • a_ 10 pi'! '2. 
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T .. bles 1. 2. and 3 specIfy the appropriate 
an .. ~ytic .. l procedures. descrIbed in "Test 
Me~hod~ for E\,aluaung Solid Waste. Physi· 
cal.·Chemical Methods." (incorporated by 
reference. see § 260.ll) ",hich shall be used 
to dete~mine ""hether a sample contains a 
gllen Appendix \"11 or VIII toxic constitu· 
ent. 
T~bie I identIfies each Appendix VII or 

YIn org .. nic const:! uent along Inth the ap· 
prol ed measurement method. Table 2 iden· 
111:e~ the corresponding methods for inor· 
• a:-.lc ~pecies. Table 3 summarizes the con· 
tents of SW -SH and ~upplles specific sec· 
llon ond method numbers for sampling and 
.. n~JysIs methods. 

Pnor to final sampling .. nd analysis 
method selection the analyst should consult 
the ~;leclfic section or method de~cribed in 
SW 646 for addnier.al guidance on "hich of 
the a;;lroled methods should be employed 
for a s~eclfjc sar.-,pjf Analysis situatlon. 

T I-S_E 1-,l..NALYSI5 MEi~ODS fOR ORGANIC 

C~E"'IC"'lS CONiAINED ," SW-6~6 

[Amended by 51 FR 5330. February 13. 
1996: 51 FR 6541. Februar\ 25. 1986: 51 
FR :ii::8. October 24. i986: 54 FR 
41 :Oi. October 6. 1989: 55 FR 18505. 
~iay 2.1990: 55 FR 50482. December 6. 
19901 

Compound 

A:.e1crIl1·,te. 
"'c'ol~,n 
I-.c')"la"n!oe 
Ac·ylo~'H,je 

2-~:;llnc-l-mEth'r'lber,2E:'ie 

iO-i olJldlne) .. :. 
~-Aml"c-I-melhylbec,; Ene 

(p- ;Olu,dlne) 
Andl'"l€ 

5erl:'Er'le 
Bec.z:.)anth:acene .. 

Ser,zofl<) fluoranthene .. 

8030 6,,40 
B030.6240 
se15.6240 
B030. 82~0 

6250 

6250 
6250 

8~20. 8024 
8100. 8250 

6310 
8100. 8250 

8310 
6100. 82:.0 
8270,8310 

Compound 

Benzotllchlollde. 
Benzyl chlollde 
Benzo(b)fluoanthene 

8iS(2-Chloroethoxymethane) 
B:s(2-Chloroethyl)ether ......... .. 
8 is(2-ct'.loroisopropyl)ether. 
Carbon disulfide .......................... .. 
Carbon tetrachloliOe ..................... . 
Chioridane ............................... . 
ChlOllnaled biphenyls 
Chlorinated dlbenzo-p-dloxins .... 
Chlorin.ted d,benzofurans . 
Chloroacetaldehyde 
Chlorobenzene ... 
Chloroform .. 
Chioromett',ane 
2-Chlorophenol ... 
Chr)'sene 

Creosole' 
Cresol(s) .. 
Clesyllc ACld:s) . 
D,chlorobH.zene(s) 

Dlchloroethane:s) 
Dlchloromethane 
D1Ch1o'opheno)'yace1ic aCid 
Dlchloropropanol 
2.4-Dlmemylp!;enOI 
Dimethyl sull.le 
Dlnrtlobe~zene .. 
~ .6-D,nrtro,o-clesol 
2.4-Dlnrtrotoluene 
2.6-D,nrtrotoluene 
Endlln 
2-Etho,yeth.nol. 
Ethyl ether. 
Ethylene Olbromlde 
Ethylene thiourea 
F orm.IOehyde 
FormiC aCId 
Heptachlor .. 
Hexachlorober,zene 
He.achiorobutadiene. 
Hexachloroethane ... 
Hexachlorocyclopentadlene. 
Lindane 
Maleic anhydllde .. 
Methanol 
Methomyl ..... 

8120. B25~ 
6120. 8250 
8100.825:1 

8310 
se10. B2~0 
B010. B240 
8010, B240 
8015. 8240 
se10.8"'0 
B080.8250 
8080.6250 

8280 
8280 

se10. 82'0 
8020. 62~O 
8010.8240 
B010.8"'0 
8040.8250 
8100. 82~0 

8310 
e1oo. 825~ 
8040. 62~O 
BOo:O. 6250 
8010 E1,0 

6250 
8010 8,,40 
80iO o,,~o 

e1S0. 62~~ 
8i20 82~0 
8040. 82~O 
8250 6,,70 
8~. 82~0 
BOo:O. 6250 
8090. 62~0 
B060 82~0 
80se 6250 
8030. 6240 
BOi 5. 62~O 
B010.8240 
8250. 8330 
8015. 82~O 

8250 
8080.62:'0 
8120.8250 
6120.6250 
8010.8240 
B120. 8250 
8080.8250 

8250 
8010. 82~0 

6250 

Compou"~ 

Melhyl ethyl ketone 
Methyl Isobutyl kelo'\e 
Napthalene 
NapthOQuinone 
Nitrobenzene .. 
4-N'1rOproenol 
, .1-Dlmethyl1hydraz.ne (U::>I~I-I) 
2-Nltropropane 
Faraldehyde (tllmer of acetalde~tO~; 
Fe'\tachlorophenol 
Fhenol . 
Pho:ale 
Phosphorod:thIO'C ae,o es'e's 
Phtt',ahc anhyd"Oe 
2-F,collne 
Pyllolne. 
1 e lTachlo'oberI2e~rs) 
T Ellachloroethane:s) 
1 e1rachloroel!",ene 
'7 E1 r ac 11101 opr.e:iol 
1ol.;erle 
To!uene drs,o:,'ar.a'e:s) 
I o:.Je!'ledla~·'lIne 
.c: .c- Tol.Jened,a""lIr'oe 
2 6- "oluenedli'T'II"',e 
:; .c-1'olrJened.a"ilI'"'le 
iC):2;''ier"l e­
Trlc'iio'oe1~,a')e 

'TrrchIOloetf'lene, ~j 
,. TI:t",lo~ O'I.;O!C:-rrE '~,a 'iE­

T l.c~io'ophen"l!s) 
2 .c 5-"TlChlorop~rfilC') P'OP'C"'IC i:: ,= 
TII:"iO'opropa~e 

Vr,,),1 cniOlioe 
Vrr.)'hoene chiOflOf 

X~leire 

S-8;3 
161:1 887 

M~lhDd 

t.."mbe's 
b~"G 82"j.-

8260 
K"~ 8£tC 
80',5 62'~ 
e100 82:.0 
8:~0 102:,~ 

8~ 82~~ 
E0'O 62'0 

02:,0 
8:30 E,'~ 
8015 8;:'0 
BJ.C: e2~O 
BJ.<: 8250 

e:'c 

8'4D 
8140 
e,,:..~, 

c~:,:, 

8250 
82~O 
6~':' 

E.""'~ 
E2:~ 
8:,4 
Ol5!J 
E,;:SC 
102:£; 
82:.0 
10250 

6-.0 ' C2~C 

B:'C e~"8 
8:' 0 824~ 
E:·,O 8~"C! 

6j4~ 62~ 
e·.50 62:,C 
K:C e<'C 
60:0 6,,': 
8:'C 824 
EGC 6240 

r Analyne for phC'nanthrene and carba­
zole: if the~e are pre~ent in a r"tio bct\lecn 
1.4.1 and 5.1 creosote should be comid­
ered present. 
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'61:1888 FEDERAL REGULATIONS 

TABLE 2 - ANLYSIS METHODS FOR INORGANIC CHEMICALS AND MISCELLANEOUS GROUPS OF ANAL YTES CO~'.'TAI"JED IN SW-8468 

Compound 

Aluminum 
Antimony ..... , .. , . , .. 
Arsenic .. . ... , ................... , , , .. , . 
Barium...... . ..... ,., ... " ....... ,. 
Beryllium. . .......... , ....... , , ......... , 
Boron... . ............ , ..... , ........ ,., 
Cadm~m. . ............. ,., ..... . 
CalciiJm .. . ....... ,., .... , ..... , ..... , ...... . 
Chromium. . .................................... . 
Chromium, Hexavalent ... , .... ', .................... . 
Co~h ................... , 
Copper.. . ...... , .. 
Iron ......... . 
Lead 
Magnesium. 
Mancanese. 
Mercury. 
Molybdenum 
Nickel 
Osmium. 
Po~a5.slw:TI 
Selenium 
Silicon 
Silver 
Sodl..;m. 
Tr,alilwm. 
Vane:dium 
Zmce 
Cyanides 
To~al Orcanic Halides 
Sulfides -
Sullales 
TOlal Orcanic Carbon. 
PheClolics 
O,i anc Grease 
To:a: Coliform 
NI1raie 
Chlorides 
Gross Alpha and Gross Beta 
Alp'1a·Em:tting Radium Isotopes .......... , ....... , . , ... . 
Radium-228 

Third Edition Method(s) 

6010 ............. . 
6010. . ........................ . 
6010. . ............................... . 
S010 ......................................... . 
S010, 7000.7091 ............................... . 
6010 ......................................... . 
6010 ................................. . 
6010 ......................................... . 
6010 ......................................... . 
7198 ......................................... . 
6010 ................................... , ..... . 
6010. 7210. 7211 ......................... , .... . 
6010, 7380, 7381 ..... , . . . . .... , .......... , . 
S010.. . ...... . 
6010. 
6010,7460,7461. 

f,Q10 
6010. 
7550 .. 
S010. 
S010 .. 
S010. 
S010 .. 
S010, 7770 
6010, 7840. 7841 . 
S010, 7910, 79i1. 
S010, 7950, 7951 

9022. 

9035, 903S, 9038 
9060 
90S5, 90S6·, 9067 . 
9070, 9071 
9131,9132 
9200 .... 
9250,9251.9252 .,.,., ............ . 
9310 ..... , ....... ,., ........ , ......... , .... . 
9315 .. , .. , , ......... , . , . , .... , , .............. . 
9320............. . .... " ... , .. ' 

Se--....ond Edition 

Method(s) 

7040,7041 
7050,7061 
7080,7OS1 

7130, 7131 

7190,7191 
7195, 7196, 7197 

7470, 7471 

7520. 7521 

7740,7741 

7760.7761 

9010 
9020 
9030 

• The Third Edition of SW-84S and its Revision I are available from the Government Printing Office, Superintendent of Document~, WaShington, 
DC 20402, (202) 783-3238, document number 955-001-00000-1 . 

• When Method 9066 is used it must be preceded by the manual distillation specified in procedure 7.1 of Method 9065. Just prior to distillation 
in Method 9065, adjust the Sulfuric acid-preserved sample to pH 4 with 1 + 9 NaOH, Af1er the manual distillation is completed. the autoanalyzer 
manifold is simplified by connecting the re·sample line directly to the sampler. 

[Table 2 revised by 54 FR 40266, September 29,1989; amended by 55 FR 8949, March 9,1990) 

TABLE 3 - SAMPLING AND ANALYSIS METHODS CONTAINED IN SW-84Sa 

[Table 3 revised by 54 FR 40266, September 29, 1989; amended by 55 FR 8949, March 9, 1990) 

Third Edition 
Title 

Second Edition 

Section No, Method No, Section No. Method No. 

Quality Control .. , , .. , ......... , ................ , .......................... . 
Introduction .. , ........................................................ . 
Quality Control .......... , ......................................... .' ... . 
Method Detection limit ................................. , ............... . 
Data Reporting ........................................................ . 
Quality Control Documentation ............ , ....................... , ... , .. . 
References .... , ........................... , ............. , ......... , . , . 

Choosing the Correct Procedure ... , . , ............. , ...... , ..... , ............ . 
Purpose ............................................... , .............. . 
Required Information ................................................... . 
Implementing the Guidance .. , ...................................... , ... . 
Characteristics. , ............................. , ....... _ ................ . 

En'lironment Reponer 

1.0 
1,1 
1.2 
1.3 
1,4 
1.5 
16 
20 
21 
2.2 
2.3 
2.4 

100 
10.1 
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HAZARDOUS Vv.:,STE CRITERIA 

TABLE 3 - SAMPLING AND ANALYSIS METHODS CONTAINED IN SW-646a - Continued 

Tille 

Grownc: WeIer ..... ............................................................. ...................... 2 5 
Rele'ences ..... .............................................. 2 6 

Me:elIIC Ar.el)-:es ... ........................................................................................... 3.0 
Sempllr,g Consioera\ions . ........................................... .......................................... 3.1 
Sample Freparztior, Methocs ....................................................................................................... 1 3.2 

AciO Dlges\lon of Waters for Total Recoverable or Dissolved Metals for Analysis by Flame 3.2 
AAS or ICP. I 

Ac'e Digeshon of A~"eo"s Samples ane Extracts for Total Metais for Ar,alys;s by Flame· 3.2 
AI-.S or iCP. i 

ACle Digestior, of Acweows Samp!es and Extracts for Total Meta!s for Analysis by Furnace 3.2 
AI-.S. 

D,ssol..rtion Proceeu'e for OdS. Greases. or Waxes ................... ........................................ 32 
I-.c'c Digestion of Se:::,ments. Sludges and Soils ....................... ......................................... ::.2 

fJie!Mocs for the De~err1i ... ,a~ion 01 ~ .. J'fads ...... ...................... .......................................... 3.3 
Ir,:::uctive'y Coupled Pies",.e Atomic Emissions Spectroscopy. . ..................................... 1 3.3 
AIC'Tlic I-.~so'ptior, t.'.et~,o=s ................... , .. .. 133 
I-.'u,,-,inum. Fleme I-.l,S . .................. ::::::.:::::'.:.:::::::::::::: I 33 
I-.r,tlmony. Fi.me I-.I-.S .................... .. ...................... i 3.3 
I-.r.m",ony. Fur-,ace ~ . .<-S .. ............... ... ..... .. ., .. I : 3 
,L..l"se"dC. Furr,ace ,c.,AS ... .... . -. i ~ 3 
,L.,rse::ic. Gcse~\..'5 ,-:~c~lce .L..L.S .................. _. ........... ....... . .. 3:; 
Ec',~m. F' c'7',e AI-,S. . .. .... ........ _ .............. ; 33 
=C·'l.::'T1. Fl..,·;,cce t.':'S . ..... . ..... ... . ........... i 33 
Ee·)'n,~m. F'oMe I-.LS . ........ ..................... .. ............... ' 3.3 
Ec·\'1I1um. Fw~r,a:e .L . .L.S ................. , 3.3 
Cac~,~r."l F:ar.-I€ ;...~,S ...... ............ ...... ................ 3.3 
Co:"-,""" "W'~ece ;".1-.5 . . ................ 33 
C.':',:,,,. F'<.":",e ;";..S 3 3 
C~'o",.iur-,. F~e"T1e '<-;"S . 3.3 
C"'O,,",lum Fe'c'ece ~I-.S ......... ...... . 33 
C ... ·rC!i,:.J~,. Ha:te\a:e"',1. Co;·e-CI~l~c.iIC.""! .......... ............. 3.3 
C~,rC,~!u:T: Hexc,'c:iE:"lt. Cci::n~,€~rl= ...................... 33 
C·HC""U~. Hex., • Ie",\. Che:e:,o~;Ex:rac:lon 33 
C~Tc~ium. ""'ie-x C: \ al€~t. D.~e~er,!,al Pu!5e Po:arogrcphy 3.3 
Co~e!t. Fi."'e AI.,S 33 
Co:a!t, Fi..'T",cCE ~~S . ..... . .............. . :; 3 
Cc:o;>er. Fie,.,e I-.I.,S .................. 33 
Cc~;ler. FU'c,oce ;..;..S 33 
Irc~ FIC"'" AAS ............... . ..................... ...... 3 3 
Ire"'" F'ur!'":c:e "'AS. .... .. ............ .. .................... 33 
Lee:. Fla"-,e 1-.1-.5 . ... . ........................... ...................... 3.3 
Lecd. Furr,.ce I-..<-S . .. ............ ................................ 3.3 
M.c~eslum. Flc,,",e I-.LS .................................... 3.3 
tJ,a;canese. Fla.,.,e L'<-5 ..................... 33 
Man~anese. Furr.cce I-.I-.S ................................................................................... 3.3 
Me'cury", LiQuid W.ste. Manual COld Vapor Technique ................................................... 33 

Me,cury i~ Solie or Semisohc Wcste. M.n,,;;! Coid Vapor Tec~ntQue ............................................... 33 
Molvtode"um. Flar1e AAS .. ............................................. ......................................... 3.3 
Mol;'bdenum, Fur-,ace AAS ... .......................................... ................................................... 3.3 
Nickel. FI.me AI-.S ................................................. ....................................... 3.3 
OS'Tlium, F!ame AAS ................ .................................................. ................................... 33 
FCI.ssium. Flame AAS ., .................................................. " ....................... ".......................... 3.3 
Seler.ium. Furn"ce AAS ......................... , ...... , ......... , ......... ,............................. 33 
Selenium. Gaseous Hydride AAS ......................................................................................... 3.3 
Silver. Flame AA5 ............................................. " ........ " ...................................................... 3.3 
Silver. Furnace AAS ................................ , ........................................................................... , 3.3 
50di~m, Flame AAS ............................................................ , ................................................ , 3,3 
Thallium. Flame AAS ...... , ........................................ "............................................................ 3.3 
Thallium, Furnace AAS ...................... , .............................. , ........................................... ,........ 3.3 
Tin. Flame AAS ................................................................... , .. ".............................................. 33 
Vanadium. Flame AAS ............. , .................................................................................. "......... 3.3 
Vanadium. Furnace AAS ...................... " ....................................................................... ,....... 3.3 
Zinc. Flame AAS .................................................................................................................... 33 
Zinc. Furnace AAS ................................................... , .. " ................................................... "... 3,3 

Organic Analyles ....................................................................... , ...... ,.................................................... 4.0 

~:~~:~n~r~~~~~~~~t~~1sh~·~;~··::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ::~ 
Extrac1ions and Preparations .......................... " ........................................................................... 4.2.1 

OrganiC Extraction ana Sample Prepa ra1ion .. " ...................................... " ............................ 14.2.' 

I' ::::i' 

3005 

3010 'I 

3020 14' 
3040 , 4 , 

~~~O I~.'. 
'6010 I .... . 
7000 I ..... . 
7020, ....... . 
7040 i 70 
7011170 
7060 . 70 
7061~70 
i060 1 i 0 
iOel 1 7 0 

'7090 I 
'7091 I .... 

7130 1 70 
7131 : 70 
71'0 : 
i 190 1 7 0 
7151 70 
7195 I 7 0 
7196 170 
7197170 

·7, £08 ! . 
7200 I. 
7201 ! 

'7210 ! 
'7211 :. 
'7380 : 

.~;;~ i70 
7121 i 5 0 
7'50 : 
'7~60 i 
'7~61 I. 
7~7°1'70 
7471 70 
7480 I .......... . 
7'el ...... . 
7520 170 

'7550 I ...... · . 
76,0 ..... .. 
77'01 7.0 
77'1 I 7 0 
7760 17.0 
7761 17.0 

'7770 ..... 
'iSlO 
'78'1 
7870 

'7910 
'7911 
'7950 
'7951 

3500 

80 

S-661 

, 6U 889 

I 
...... \ 

·· ...•• 1 
····1·· . . . . .. I . . 

I 
I 
I 
I 

.1.. 

I 

i 

! 
I 
I' 

:1, 
T 
I:: 
I. 
i·· 

.. ! 
I 
I' 

30,0 

3020 

3010 
3C50 

7010 
7011 
706~ 
iOEl 
7060 
7061 

7130 
7131 

7,90 
7,91 
7195 
7196 
7,97 

7t70 
7'71 

7520 

7740 
77'1 
7760 
7761 
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'61:1 890 FEDERAL REGULATIONS 

TABLE 3 - SAMPLING AND ANALYSIS METHODS CONTAINED IN SW-846e - Continued 

Third Edrtlon Second Edition 
Trtle 

Section No. Method No. Se:1lon No. Method No. 

Separatory Fun:-lel Liquid'Liquid Extraction ......................................................................... 4.2.1 
Co~tinuous LiquiO·Liqulc Extraction ..................................................................................... 4.2.1 
Scxhlet Extraction ................................................................................................................. 4.2.1 
UMraSO:-lic Extraction ............................................................................................................. 4.2.1 
W.ste Dilution .................................. : ..................................................................................... 4.2.1 
Purge·and·Trap ..................................................................................................................... 4.2.1 
ProtOCOl for Ar.alysis of Sorbent Canridges from VOST .................................................... 4.2.1 

Cleanup .......................................................................................................................................... 4.2.2 
Cleanup .................................................................................................................................. 4.2.2 
Alumina Column Cleanup ...................................................................................................... 4.2.2 
Alumina Columr, Cleanup and Separation of Petroleum Wastes ........................................ 4.2.2 

Florisil COlumn Cleanup ................................................................................................ 4.2.2 
Silica Gel Cleanup ......................................................................................................... 4.2.2 
Gel·Permection Cleanup ............................................................................................... 4.2.2 
ACld·S.se Panrtlon Cleanup ......................................................................................... 4.2.2 
Sulfur Cleanup ............................................................................................................... '.2.2 

Determin.tion of Organic Ar,a l)1eS . ............................................................................................. '.3 
G2S Chromatographic MethOCS ............................................................................................ 4.3.1 

Gas Chrom2togra~~y .................................................................................................... '.3.1 
Halooenated Volatile Orca niCS ..................................................................................... '.3.1 
EDS-ar,d DBCP ............ ~ ............................................................................................... '.3.1 
Nonhaloger.atec VOl. tile Organics ............................................................................... '.3.1 
Aromatic Vo:.tlle Org.nics ............................................................................................ 4.3.1 
VOl2tlie Organic Ccmpounos in W.ter by Purge·arlO·Trap Capillary Column GC with 4.3.1 

PID anc ElectrO!)1IC Conc"ctivlty Detector in Series. 
Acrolein. AC')·loM"le. Acetord:"le ................................................................................ '.3.1 
Phenols ............... ......................................................................................................... • .3.1 
pr,th.I.:e Es~ers ...... ..................................................................................................... '.3.1 
Nltros.mlnes ......... ...................... ................................................................................ '.3.1 
Org2nO:hlOCine Pesticides .nd PCSs es ArOClors ...................................................... 4.3.1 
Nltroaro,,",atics 2nd Cyclic Ketones .............................................................................. 4.3.1 
POlynuclear AromatiC HyC:rocarbons ............................................................................ 4.3.1 
Haloethers ...................................................................................................................... 4.3.1 
C"lo""atfc HyC:roca':'o~s ............................................................................................ 4.3.1 
Orga:-lophcsphorus Pesticides ...................................................................................... '.3.1 
OrganophcsphOrus Pesticides: Capillary Column ....................................................... '.3.1 
Chlorin2tec: HerbiCides ................................................................................................. 4.3.1 

Gas Chromatogr2phlcjMass SpectrOSCOPIC Methoc:s ......................................................... '.3.2 
GCjMS Vc!atiies ... ........................................................................................................ '.3.2 
GCjMS SemivOlatiles. Packed Column ........................................................................ 4.3.2 
GCjMS for Vol2tlles C.pillary Column ......................................................................... '.3.2 
GCjMS Semivo!atiles. Capillary Column ...................................................................... 4.3.2 
Analysis of Chlo"nateC Dioxins and Dibenzofurans .................................................... '.3.2 

High Perlormance liqUid Chromatographic Method~ (HPLC) ............................................ 4.3.3 
POlynuclear AromatiC Hydrocarbons ............................................................................ '.3.3 

Miscel!aT'\eou~ Scree"ing Methocs ....................................................................................................... 4.' 
HeaOspace ..................................................................................................................................... '.4 
HexadecsT'\e Extraction and Screenin~ of Purgeable Organics .................................................. '.4 

Miscella,.,eous Test Methods ........... .................................................................................................... 5.0 
To:al ST'\C Ame"sble Cyanide (Colorimetric. Manual) ................................................................... 5.0 
To:el a"o Ame~sble Cyanide (CoIOflmetric. Automated) ............................................................. 5.0 
Total Orlianic Halides (TOX) ......................................................................................................... 5.0 
Purgeable Organic Halides (POX) ................................................................................................. 5.0 
Total Organic Halides (TOX) by Neutron Activation Analysis ...................................................... 5.0 
Acid Soluble and ACid·lnsoluble Sulfides ..................................................................................... 5.0 
Extractable Sulfides ....................................................................................................................... 5.0 
Sulfate. (Colorimetric. Automated Chloranilate) ........................................... _.............................. 5.0 
SUlfate. (ColorimetriC. Automated. Methylthymol Blue. AA II) ..................................................... 5.0 
Sulfate. (Turbidimetric) .................................................................................................................. 5.0 
Total Organic CarbOn ................................................................... ~................................................ 5.0 
Phenolics. (Spectrophotometric. Manual 4.AAP) ......................................................................... 5.0 
Phenolics. (COlorimetric. Automated 4.AAP) ................................................................................ 5.0 
Phenolics. (Spectrophotometric. MBTH) ...................................................................................... 5.0 
Total Recoverable Oil end Grease (Gravimetric. Separatory Funnel Extraction) ....................... 5.0 
Oil and Grease Extraction Method for Sludge Samples ............................................................. 6.0 
Total Coliiorm: Muhiple Tube Fermentation ................................................................... :............. 5.0 
Total Coliform: Membrane Fiher ................................................................................................... 5.0 
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HAZARDOUS WASTE CRITERIA 

TABLE 3 - SAMPLING AND ANALYSIS METHODS CONTAINED IN SW-846a - Continued 
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pH Electro~etric Measureme~t .................................................................................................... 6.0 
pH Paper Method .......................................................................................................................... 6.0 
SOil pH ........................................................................................................................................... 6.0 
Specific Conductance .................................................................................................................... 6.0 
Catlon·Exc~,ange Capacity of Soils (Ammonium Ace:.te) ........................................................... 60 
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Co~p.tibllity Test for Wastes and Membr.ne Liners ................................................................. 60 
Fa,nt F,Ner Liquids Test ..................................................................... .......................................... 6.0 
Saturated Hydraulic Conductivity. Saturated Leachate ConductiVity. and IntllnSlC Permeat)Tllty 60 

,""o~~f!!~}::":~:;::::;:,,/ •• ·•••· •••••••. • •• •• ••• ·••·• •••••••••••••••...•.•..•.•.•.••.•. · ••••• ·•·•·•· ••••• ··••• •• 1 ! ! 
~~~'e~~\::;; ........ :::::.:::.:::::::::::. I ;~ 

iest Method to Determme Hydrogen Cyanide RElease~ from Wastes 173 
Test MElhod to Determine Hydrogen Sulfide Released from W.stes 7.3 

EXI'.ellon Proced~Ie Toxicity. i' 
Met!"'locs for De1erminin~ Cr,aracter~stlcs .................. ............................... ....................... . .......... ! 8.0 

I;;-,,:a:lll,:y ......................... ........................... .. .... ! a I 
Fens<y·Mal'1ens Closeo·Cc;; Method ................. .. ......... : al 
SElafi.s', CIOSEC'CUP MelMO ................ I e.l 

C:r·:svl:y............. ....................... .. ............. : e 2 
Co'ros'vity Toward Steel. ................... ................. .. ..... ; E2 

F.€< :IIVI:V .. ..................... ................... ................. ' e 3 
iCXlClty~.. .............................................. ................. ! e 4 

Extraction Procedure (EP) Toxiclly Metrloe .nd StruC1ural Integl1ly Test ..... ' a 4 
Sampl,nc PI.n ....... ........................................................... .. ............. : e 0 

De;t~~ inc De\lelo;:>me~1 ............................................. ................... . ..... _ ................ i ~_ .2' 
1r.-,pje~le~tatjO:"'l .............................................................. .. 

Sam;>'I~c Methods ............................................................................ '00 
t/.oc:fled Method 5 Samplmg ir_in. AppenCix A and B ....................... 100 
SOurce ~ssessment Samplin. System (S~SS) .... .. ............. 100 
VOI.:,IE Olg •. ~ic Sampling iraln ........................... ................. 10.0 

Ground Water MO~Itormg ..................................................... I I 0 
S.Ck;rowne ane O::>Jfcllves.... ..................................... I II 
Re:ctionShi~ to the Regulations and to Other Documents ........ I 1.2 
Rev:sions ane Addllions ................................................................. , 1.3 
Acceplable DeSigns and PraC1ices .......................................................... I 1.4 
Unacceptable Designs ane Practices ....................................................... 11.5 

Land ireatment MOnTlOITng .................................................................................................. 120 
Sackground ...................................................................................................................... 12.1 
Treatment Zone ............................................................................................................................. 12.2 
Reg.l.tory Definition ...................................................................................... .................. 12.3 
MonTtormg and Sampling Strategy ................................................................................... 12.4 
Ana lysis .............................................................................................................................. 12.5 
Refelences and Bibliography ........................................................................................................ 12.6 

Incine, ation ............................................................................................................................................ 13 0 
Introduction .................................................................................................................................... 13.1 
Regulatory Definition ..................................................................................................................... 13.2 
Waste Characterization Strategy .................................................................................................. 13.3 
Stack·Gas Effluent CharaC1erization Strategy ............................................................................. 13.4 
Additional Effluent CharaC1erization Strategy.............................................................................. 13.5 
Selection of Specific Sampling and Analysis Methods ................................................................ 13.6 
References ..................................................................................................................................... 13.7 

Me1hod ~o 

I .. 
I .. 
I 

I
I .... :: ....... 
.. 
C .. 

I .. 

i 
I 

: I .. ::·' 
I .................. ·····1 

s-sel 
161:1891 

90.5 

'0'0 
,020 

'1',0 

,~,o 

• The Third Edrtion Of SW·8A6 and rts Revision I are available from the Government Printing Office. Superintendent of Documents. Wasnlr,;:cn. DC 20'02. 
(202) 763-3238. document number 955-001-00000-1 . 

• This method may be used in conjunC1ion with or in addition to the methods found in the Second Edition of SW·8A6 as amended by Upcates I and II 
~ When Method 9066 is used it must be preceded by the manual distillation specifoec in procedure 7.1 of Method 9065. Just prior to d,s:II:.l·O,,\ In Method 

9065. adjust the sulfuric acid·preserved sample to pH 4 with 1 + 9 NaOH. Alter the manual distillation is completed. the aUloar.BI)'ler manifold IS SlmplTfled by 
conneC1ing the re·sample line direC1ly to the sampler. 
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SECTION 15 

FIELD INSTRUMENTATION 

15.0 INTRODUCTION 

Section 15 provides basic Informatlon on operating various pieces of equipment that are typically used 
in the field. The purpose of this section Is not to provide standard operatIng procedures or to establish per­
!ormance criteria for field Instruments. The purpose is to provide a narraUve description of some instru­
ment use approaches and techniques that have been tested on certain projects. In Fal1987, the Contract 
l..lboratory Program (CLF) will publish a "Field Screening Methods Catalog" that will contain detailed dIs­
cussions of field analytical methods. includIng use of field instruments for analysis. The CLP catalog will 
provide a consolidated reference for use by EPA. contractors. state and local agencies. and potentlaJly 
responsible parties (PRPs) who will be conducting field analysis. When this compendium is updated. it w~1 
reflect the Information contained In the ClP catalog. The updated compendium will also contain informa­
lion on any additional Instruments that were found useful by contractors but were not included In the 
catalog. Field monitoring Instruments are used whenever the data quality objectives specify Level I and II 
analytical support as adequate. 

The objective of Level I analysis is to generate data that are generaJly used in refining sampling plans 
and in estimating the extent of contamination at the site. This type of support provides rea/-time data for 
health and safety purposes. Additional data that can be obtained effectively by Levell analyses include.pH. 
conductivity, temperature. salinity, and dissolved oxygen for water (see Sections 8 and 10). as weH as 
some measurement of contamination using various kits (see Subsection 7.6). 

Level I analyses are generally effective for total vapor readings using portable photoionlzatlon of flame 
ionization meters that respond to a variety of volatile inorganic and organic compounds (see Sectlon 15). 

Level I analysis provides data for onsile. real-time total vapor measurement. evaluation of existing con­
ditions. refinement of sampling location. and health and safety evaluations. Data generated from Level I 
support are generally considered qualitative in nature. although limited quantitative data also can be 
generated. Data generated from this type of analysis prov;de the following: 

• Identification of soil. water. air. and waste locations that have a high likelihood of showing con­
tamination through subsequent analysis 

• Real-time data to be used for health and safety consideration during site reconnaissance and sub­
sequent intrusive activities 

• Quantitative data if a contaminant is known and the instrument is calibrated to that substance 

On the other hand. fiek1 analysis (see Section 7) involves the use of portable or transportable Instru­
ments that are based at or near a sampling site. Field analysis should not be confused with the process of 
obtaining total organiC readings using portable meters. These instruments typically are used In obtaining 
data that is defined by data quantity objectives as Level I. (See Section 7 for a discussion ot DQO data 
levels.) The analytical techniques associated with these instruments are derived from the experiences of a 
number of contractors and EPA personnel. 
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Equipment users also should consult the applicable manufacturer's operating manuals. which will 
provide a more comprehensive guide to all facets of using field equipment Several of the procedures dis­
cussed below refer to sections of the manufacturer's manual that are too voluminous to reproduce here. 
Finally. all equipment calibrations and readings that occur in the field must be recorded in the site-specific 
logbook. 

Exhibit 15-1. modified from Tables 7·1 and 7·2 of "Occupational Safety and Health Guidance Manual for 
Hazardous Waste Site Activities; NIOSH I OSHA I USCG I EPA. October 1985, presents a summary of the 
characteristics of classes of Instruments, specific examples of which are discussed In detaD below . 

. 
15.1 PHOTOVAC 10A10 

15.1.1 Scope and Purpose 

Subsection ., 5. 1 discusses the use, calibration, and maintenance of the Photovac 1 OA 10. 

15.1.2 Definitions 

Carrier Gil 
The gas used to transport a gaseous sample through the chromatographic column and on to 
the detector of a gas chromatograph. In the Photovac, the carrier gas is ultra·pure air. 

Photolonizatlon OeteClOt (PIO) 
The detector uses an uttraviolet light source to ionize individual molecules that have an ioniza· 
tion potential less than or equal to that rated for the ultraviolet light source. Gaseous con· 
taminants are ionized as they emerge from the column, and the ions are then anracted to an 
oppositely charged electrode, causing a current and finally an electric signal to the strip chart . 
recorder. 

Retention 11m. 
The total time required for a volatDe chemical to tmerse and emerge from chromatographic 
column into the detector, measured from the time of injection onto the column. 

Site Manager (SM) 
The individual responsible for the successful completion of a work assignment within budget 
and schedule. The person Is also referred to as the Site Project Manager or the Project 
Manager and Is typically a contractor's employee (see Subsection 1.1). 

Standard .. 
This Is a known concentration of a known chemical that is used to perform quantitative 
analysis. either the chemical constituent(s) can be in a solution with distilled water so that a 
headspace Is present, or it"can be completely vaporized in the volatile organic analysis ryOA) 
vial. A syringe can be used to wfthdraw some of the headspace gas after the vial is agitated. 
and this gas can be injected into the column for chromatographic analysis. The retention 
times of the standard are then compared to the retention times of unknown peaks In a sample. 

Volatile Contllminantl 
Chemicals that are characterized by low boaing points and high. vapor pressures. 
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15.1.3 ~ppilcability 

This procedure Is applicable to Photovac lOA 1 as used for field and laboratory analysis. 

15.1.4 Responsibilities 

The SM Is responsible for monitoring the Implementation of thasa procac:lures. 

15.1.5 Records 

Training records. maintenance records, and calibration records will be generated and maintained by 
the responsible organization. Maintenance, calibration. and results obtained in the flakj wil be recorded in 
the site logbook. 

15.1.6 Procedures 

Before beginning the set-up and operation of laAl0, the follOwIng precautions should be carefully 
reviewed. Because of Its spacial capab~ltias. , OA 10 requires special treatment. 

1. NEVER remove the top pan. with the instnJment connected to the MAINS (electrical supp­
ty); atways dlsconned the Instrument first because of the danger of electric shock. 

2. The 1 OA 10 must always be connected to the carTier gas supply, and a contlnuous stream ~ 
camer gas must be passed through the column. This arrangement maintains the column in 
peak condition and rfIIStCy tor use with a minimum of delay. 

3. NEVER Inled liquid samples. how"". small, Into the 1 OA 10. It is an all-gas system and is 
not designed to accept liquids, which wi! causa gross contamination and necessitate a 
thorough averhau. 

4. Read carefully the section In the manufacturers manual on battery care. Avoid overcharge 
Ing the batteries: otherwise, their life will be impaired. 

5. Except when charging batteries, ~ unplug the unit from the MAINS (electrical supply) 
when it is not in usa. 

6. When transferring the unit from extremely cold environments into warm, humid conditions. 
be alert to the likelihood of condensation; if possible, allow some time for the instrument to 
warm up before using. 

7. Establish that the Photovac 1 OA 10 can detet:'! the contaminate baing tested for (see Exhibit 
, 5-2). Two criteria can be followed: 

a. The ionization potential of the compound must be less than 11 electron volts (eV). 
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b. The boDIng point of the compound must allow for Its elution through an ambient 
temperature column. Higher boRing points will not allow this to occur. 

15.1.8.1 Startup Procedure 

1. The preferred carrier gas Is Unde AJr Ultra Zero or Its equivalent (wtth less than 0.1 ppm 
total organic contamination). FIt the supply cytlnder with a hlgtH:!uaIlty, two-stage gas 
chromatograph (GC) regulator. Conned the regulator to the CARRIER IN fitting wtth 1/a..inch 
Tefton tubing and a brass. quick~lsConned fitting. 

2. Set the flowrate to 10 = 1 mlimln by adjusting the CARRIER FLOW adjustment. Make a 
note of the setting for future use. Check the flowrate by attaching a flow meter with 1 ml/min or 
bener accuracy to the OUT gas fitting. 

3. Check that the electrical col"!trOls are set as fellows: 

L Move POWER SWITCH to OFF. 

b. Move CHARGE SWITCH to OFF. 

c. Move ATTENUATION SWITCH to 100 Oeast sensltNe). 

d. Move OFFSET dial to zero. 

e. Conned chart recorder to the coaxial OUTPUT connector, using the lead provided. 

f. Set the chart recorder to 100 mV full scale and chart speed to 2 cnv'min. 

g. Plug the POWER CORD Into the panel socket and conned to the 115V 60 Hz AC supply; 
the red AC indic:alor light will come on. 

The Instrument Is now in Its POWER DOWN condition and Is ready for starting. 

4. WIth the chart recorder cH, swttch on the POWET-swttch. The red source OFF IndlCalor 
may light and stay on for up to 5 minutes. During this time, the lam~sta.rt sequence Is being 
alitomatlcatly Initiated. If more than 5 minutes Is required, an adjustment must be made to the 
screw next to the lamp (under the aluminum housing). 

5. kJ soon as the SOURCE OFF light Is extinguished, the meter wUl show a high reading that 
should fall rapidly as condltlons In the phololonlzlng chamber stabRlze. The reading shotid 
become steady after approximately 5 minutes. 

6. establish an acceptable baseline on the chart recorder. 

1. The instnJment Is now ready for calibration and use. 

8. The user may now make sample injections from 1 to 1,000 I (can be larger in certain situa­
tions, i.e., low.!eval air monitoring). 

9. Reminder. NEVER inJed liquid samples Into the Photovac. 
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exhibit 1~2 
SOME COMPOUNDS THAT CAN BE DETECTED USING 

'THE PHOTOVAC 10S SERIES OF PORTABLE GC. 

eV eV 

Acetaldehyde 10.21 2.3-8utadlone 9.23 
Acetic acid 10.37 N-SutanaJ 9.83 ,-

Acetone 9.69 2-8utana1 9.73 
~ 

Acetylene 11." 1 N-Sutane 10.63 
Acetylene dichloride 9.80 1-8utanethlol 9.14 
Acetylene tetrabromide 2-8utanone 9.53 
Acrolein 10.10 lso-butanol 10.47 
Acrytonitrile 10.91 Sec-butanol 10.23 
Allene 9.83 Tart-butanol 10.25 
Altyi alcohol 9.67 2-8utanol 10.1 
Altyi chloride 10.20 1-8utene 9.58 
Aminoethanol 9.87 Cls-2-butene 9.13 
Ammonia 10.15 Trans-2-butene 9.13 
Aniline 7.70 3-8utene nitrile 10.39 
Anisole 8.22 N-butyt acetate 10.01 
Arslne 9.89 Sec-buty1 acetate 9.91 

N-butyl alcohol 10.04 
N-butyI amine 8.71 

Benzaldehyde 9.53 1-bury1 amine 8.70 
Benzene 9.2S S-butyt amine 8.70 
Benzenethlol 8.33 T -butyl amine 8.64 
Benzyl chloride 10.16 N-buryI benzene 8.69 
Benzonitrile 9.71 1-butyI benzene 8.68 
Benzotrifluoride 9.68 T -butyl benzene 8.68 
Bromobenzene 8.98 Butyf cellosolve 8.68 
1-Sromobutane 10.13 N-butyI mercaptan 9.15 
2-Sromobutane 9.98 1-butyI ethanoate 9.95 
1-Sromobutanone 9.54 lSC>butyl mercaptan 9.12 
1-Sromo-2~hloroethane 10.63 1-butyI methanoate 10.46 
Bromochloromethane 10.77 ~utyne 10.18 
Bromodlchloromethane 2-8utyne 9.85 
1 -Sromo-J~hloropropane N-butyraldehyde 9.86 
Bromoethane 10.28 
Bromoethene 9.80 Cartxm disulfide 10.13 
Bromoform 10.48 Carbon tetrachloride 11.28 
, -Sromo-J-hexanone 9.26 Celiosolve acetate 
Bromoethane 10.53 Chlorobenzene 9.07 
Bromoethyl ethyl ether 10.08 Chlorobromomethane 
, -Sromo-2-methylpropane 10.09 1 ~oro-2·bromoethane 10.63 
2-Bromo-2.methylpropane 9.89 1-Chlorobutane 10.67 
, -Sromopentane 10.10 2~orobutane 10.65 
1-Sromopropane 10.18 1 ~orobutanone 9.54 
2-Sromopropane 10.08 1-Ch1oro-2.3 epoxy propane 10.60 
1-Sromopropene 9.30 Chloroethane (ethyl chloride) 10.97 
2-Sromopropene 10.06 CNorethene 10.00 
3-Sromopropene 9.70 2~oroethoxyethene 10.61 
2-Sromothiophene 8.63 1-Ch1oro-2·ftuorobenzene 9.16 
O-Oromotoluene 8.79 1-Ch10r0-3-ftuorobenzene 9.21 
M-bromotoluene 8.81 1-Ch10r0-2-ftour08thene (cis) 9.87 
p- bromotoluene 8.67 1-Ch1on>2-ftuoroethene(trans) 9.87 
1.3-Butadlene 9.07 Chloroform '1.37 
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O-chloroiodobenzene 
1 -Chloro-2-methylbenzene 
1 Chloro-3-methyfbenzene 
1 -Chlor~-methylbenzene 
Chloromethylethy1 ether 
Chloromethylmethyl ether 
1 -chloro-2-,.,ethylpropane 
Chloroprene 
1-Chloropropane 
2-Chloropropane 
3-Chloropropene 
P-chlorostyrene 
2-Chlorothiophene 
O-chlorotoluene 
M-chloroto/uene 
P-chloroto/uene 
Cumene 0-propyl benzene) 
Crotonaldehyde 
Cyanoethene 
Cyanogen bromide 
3-Cyanopropene 
Cyclobutane 
Cyclohexane 
Cyclohexanone 
Cyclohexene 
Cyclo-octatetraene 
Cyclopentadiene 
Cyclopentane 
Cyclopentanone 
Cyclopentene 
Cyclopropane 

2-Decanone 
1,3-Dlbromobutane 
1,4-0lbromobutane 
Dlbromochloromethane 
Dibromochloropropane 
1,1-Oibromoethane 
Dlbromemethcine 
1,2-Dibromopropane 
2.2-Dibromopropane 
1.2-Dichlorobenzene 
1,3-Dlchlorobenzene 
1,4-0lchlorobenzene 
1,3-Olchlorobutane 
1,4-Dlchlorobutane 
1.4-Dlchloro-2-butene (cis) 
2.2-Dlchlorobutane 
2.3-Dlchlorobutane 
3.4-Dlchlorobutene (Freon 12) 

Exhibit 1>2 
(COMlnued) 

eV 

8.35 Dlchlorodifluoromethane 
8.72 1,1 -Dichloroethane 
8.61 1,2-Dichloroethane 
8.78 Cls-dlchloroethene 

10.08 Trans-dlchloroethene 
10.25 DIchloroethyl ether 
10.66 Dlchloromethane 

1,2-Dichloropropane 
10.82 1,3-Dichloropropane 
10.78 1,1-Dichloropropanone 
10.04 2,3-Dichloropropene 

Dicyclopentadiene 
8.68 Dibutyl amine 
8.83 Dlethoxymethane 
8.83 Diethyl amine 
8.70 Dlethyl ether 
8.75 N-diethyl fonnamide 
9.73 Diethyl ketone 

10.91 Diethyl sulfide 
10.91 1,2-Difluorobenzene 
10.39 1,4-Difluorobenzene 
10.50 Difluorodibromomethane 
9.98 Difluoromethylbenzene 
9.14 1,1-Dimethoxyethane 
8.95 Dlmethoxymethane 
7.99 DDodomethane 
8.SS DDosobutyi ketone 

10.52 DUsopropyiamine 
9.26 Dimethyl amine 
9.01 2."3'=Oimethylbutadiene 

10.06 2.2-Dlmethyl butane 
2.2-Dlmethyl butane-3-one 

9.40 2,3-Dlmethyl butane 
2.3-Dimethyl-2-butene 
3,3-Qlmethyl butanone 

10.59 Dimethyl disulfide 
Dimethyl ether 

10.19 Dimethylfonnamlde 
10.49 3,5-Dlmethyl~-heptanone 
10.26 2.2-Olmethyl-3-pentanone 

2.2-Olmethyl-propane 
9.07 Dimethyl sulfide 
9.12 DI-n-propyl disulfide 
8.94 Dl-n-propyl ether 

Di+propyl ether 
Dl-n-propyl amine 
Dl-n-propyl sulfide 

Epichlorohydrin 
Ethane 
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EthanaJ 

ev 

11.75 
11.06 
11.04 
9.65 
9.66 

11.35 
10.87 
10.85 
9.71 
9.82 
7.74 
7.69 
9.70 
8.01 
9.53 
8.89 
9.32 
8.43 
9.31 
9.'5 

11.18 
9.45 
9.65 

10.00 
9.34 
9.04 
7.73 
8.24 
8.72 

10.06 
9.18 

10.02 
8.30 
9.17 
8.45 

10:00 
9~5 

9.CW 
8.98 

10.35 
8.69 
8.27 
9.27 
9.20 
7.84 
8.30 

10.60 
11.65 
10.21 



Ethanol 
Ethanethiol (ethyl mercaptan) 
Ethene (ethylene) 
Ethyl acetate 
Ethyl amine 
Ethyl amyl ketone 
Ethyl benzene 
Ethyl bromide 
Ethyl butyl ketone 
Ethyl chloride (chloroethane) 
Ethyl chloroacetate 
Ethyl ethanoate 
Ethyl disulfide 
Ethylene chlorohydrin 
Ethytene dibromide (EDB) 
Ethytene glycol dlnitrate 
Ethytene oxide 
Ethyt formate 
Ethyl iodide 
Ethyt methanoate 
Ethyllsothiocyanate 
Ethyt methyl sulfide 
Ethyt propanoate 
Ethyl trichloroacetate 
Ethytldene chloride 
Ethynylbenzene 

Mono-ftuorobenzene 
Mono-ftuoroethene 
Mono-ftuoromethanaJ 
Fluorotribromomethane 
O-fluorotoluene 
M-fluorotoluene 
P-fluorotoluene 
Freon 1 1 (CFCI3) 
Freon 12 (CF2CI2) 
Freon 13 (CF3Cl) 
Fr.on '3 s.,3 
Freon 14 (neat) 
Freon 22 (CHCIF2) 
Freon 1 13 (CF3CC1:3) 
2-Furaldehyde 
Furan 
Furfuryl alcohol 
Furfural 

Hexachloroethane 
N-hexane 
N-heptane 
2-Heplanone 
4-Heptanone 
1-Hexene 

Exhibit 1~2 
(continued) 

eV 

10.62 Hexanone 
9.29 Hexamethylbenzene 

10.52 Hydrazine 
10.11 Hydrogen cyanide_ 
8.86 Hydrogen selenide 
9.10 Hydrogen sulfide 
8.76 Hydrogen telluride 

10.29 
9.02 Iodine 

10.98 lodobenzene 
10.20 l-1odobutane 
10.10 2-1odobutane 
8.27 lodoethane (ethyl Iodide) 

10.90 Iodomethane (methyt Iodide) 
10.37 1-1odo-2-methylpropane 

1-1odo-2-methyl propane 
10.56 1-1odopentane 
10.51 1-lodopropane 
9.33 2-1odopropane 

10.51 O-iodotoluene 
9.14 M-lodotoluene 
8.SS P-iodotoluene 

10.00 Isoamyl acetate 
10.44 Isoamyl alcohol 

lsobutane 
8.82 lsobutyt amine 

Isobutyl acetate 
9.20 Isobutyl alcohol 

10.37 Isobutyl formate 
11.4 ~butyraJdehyde 

10.57 lsopentane 
8.92 Isoprene 
8.92 lsopropyt acetate 
8.79 lsopropyt alcohol 

11.77 lsopropyt amine 
12.91 lsopropyt benzene 
12.91 isopropyt ether 
12.08 IsovaleraJdehyde 
16.25 
12.45 Mesity1ene 
11.78 Mesityl oxide 
9.21 Methanol 
8.89 Methyl acetate 

Methyl acrylate 
9.21 Methyl amine 

Methyl bromide 
2-Methyt-1.3-butad iene 

10.18 2-Methytbutanal 
10.07 2-Melhylbutane 
9.33 
9.12 
9.46 
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eV 

7.85 

13.91 
9.88 

10.46 
9.14 

9.28 
8.73 
9.21 
9.09 
9.33 
9.54 
9.18 
9.02 
9.19 
9.25 
9.17 
8.62 
a51 
8.50 
9.90 

10.16 
10.57 
8.70 
9.97 

10.47 
10.46 
9.74 

10.32 
8.85 
9.99 

10.16 
8.72 
8.75 
9.20 
9.71 

8.40 
9.08 

10.85 
10.27 
10.72 

8.97 
10.53 
8.85 
9.71 

10.31 



2-Methyl-1-butene 
3-Methyl-1-butene 
3-Methyl-2·butene 
Methyl n-butyl ketone 
Methyl butyrate 
Me!hyl cellosolve 
Methyl chloroacetate 
Methyl chloride 
Methyl chloroform 
Methylcyclohexane 
4-Methylcyclohexene 
Methylcyclopropane 
Methyl dichloroacetate 
Methyl ethanoate 
Methyl ethyl ketone 
Methyl ethyl sulfide 
2-Methyl turan 
Methyl iodine 
Methyl Isobutyf ketone 
Methyl Isobutyrate 
1-Methyl-4-isopropylbenzene 
Methyl isopropyl ketone 
Methyl methacryiate 
Methyl methanoate 
Methy! mercaptan 
2-Methylpentane 
3-Methy!pentane 
2-Methylpropane 
2-MethyipropanaJ 
2-Methyl·'2-propanol 
2·Methy!propene 
Methy! n·propyl ketone 
Methy! styrene 
Morpholine 

Naphthalene 
Nitric oxide 
Nitrobenzene 
Nltrotoluene 
N-nonane 
5-Nonanone 

N-octane 
3-0ctanone 
4-0ctanone 
1-octene 

Exhibit 15-2 
(continued) 

eV 

9.12 N-pentane 
9.51 Pentachloroethane 
8.67 1.3-Pentadiene (cis) 
9.34 1.3-Pentadiene (trans) 

10.07 Pentafl uorobenzene 
Pentamethylbenzene 

10.35 N-pentanal 
11.2B 2,4-Pentanedione 
11.25 2-Pentanone 
9.85 3-Pentanone 
B.91 1-Pentene 
9.52 Perchloroethylene 

10.44 Perfluoro-2-butene 
10.27 Perfluoro-1-heptene 
9.53 N-perfluoropropyl iodide 
B.SS (N-perfl uoropropyl)-
B.39 iod omethane 
9.54 (N-perfluoropropyl)-
9.30 methyl ketone 
9.98 Phenol 

Phenyl ether 
9.32 Phenyl isocyanate 
9.74 Phosphine 

10.82 Pinene 
9.44 Propadiene 

10.12 N-propanal 
10.08 Propane 
10.56 1-Prgpanethiol 
9.74 N-propanol 
9.70 Propanone 
9.23 Propenal (acrolein) 
9.39 Propene 
B.35 Prop-1-ene-2-o1 
8.88 Prop-2-ene-1-o1 

Propionaldehyde 
8.10 N-propyl acetate 
9.25 N-propyl alcohol 
9.92 N-propyl amine 
9.43 N-propy! benzene 

Propylene 
9.10 Propylene dichloride 

Propylene oxide 
N-propy! ether 

9.19 N-propyl formate 
9.10 Propyne 
9.52 Pyridine 

Styrene 
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eV 

10.35 
11.28 
8.59 
8.56 
9.84 
792 
9.8~ 

B.87 
9.39 
9.32 
9.50 
9.32 

11.25 
1048 
10.36 

9.96 

10.58 
8.69 
8.09 
B77 
9.96 
8.07 

10.19 
9.95 

11.07 
9.20 

10.51 
9.69 

10.10 
9.73 
8.2 
9.67 
9.98 

10.04 
10.20 
8.78 
8.72 
9.73 

10.22 
9.27 

10.504 
10.36 
9.32 

8.47 



Tetrabromoethane 
Tetrachloroethene 
1,1,1.2-Tetrachloroethane 
1,1.2.2-Tetrachloroethane 
1,2.3.4-Tetrafluorobenzene 
1,2.3.5-Tetrafluorobenzene 
1.2.3.S-Tetrafluorobenzene 
Tetrafluoroethene 
Tetrahydroturan 
Tetrahydropyran 
1.2.4,5-Tetramethylbenzene 
2,2,4,4-Tetramethyl-3-pentanone 
1,1,1.2-Tetrachloropropane 
1,2.2.3-Tetrachloropropane 
Thloethanol 
Thlomethanol 
thiophene 
1-Thiopropanol 
Toluene 
Tribromoethene 
1.1,1-Trichlorobutanone 
1.1,1-Trichloroethane 
1,1.2-TriChloroethane 
Trichloroethene 
Trichloromethyl ethyl ether 
1.1.2·Trichloropropane 
1.2.3-Trichloropropane 
Triethylamine 
1.2,4-Trifluorobenzene 
1.3.S-Trifluorobenzene 
Trifluoroethene 
1,1,1 -Trifluoro-2-iodoethane 
Trifluoroiodomethane 
Trifluoromethylbenzene 
Trifluoromethylcyclohexane 
1,1.1-Trifluoropropene 
Trimethyl amine 
1.2.3· Trimethylbenzene 
1.2.4-Trimethylbenzene 
1.3.S-Trimethytbenzene 
2.2.4-Trimethyt pentane 
2.2.4-T rimethyt-3 ·pentanone 

N-valeraldehyde 
Vinyl acetate 
Vlnyl benzene (styrene) 
Vinyl bromide 
Vinyl chloride 

Exhibit 1~2 
(comlnued) 

eV 

9.32 

9.61 
9.55 
9.39 

10.12 
9.54 
9.26 
8.03 
8.65 

9.29 
9.44 
8.86 
9.20' 
8.82 
9.27 
9.54 

11.25 

9.45 
10.08 

7.50 
9.37 
9.32 

10.14 
10.10 
10.40 
9.68 

10.46 
10.9 
7.82 
8.48 
8.27 
8.39 
9.86 
8.82 

9.82 
9.19 
8.47 
9.80 

10.00 
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4-Vlnyfcycfohexene 
Vinyl ethanoate 
Vinyl fluoride 
Vlnyl methyl ether 

a-xylene 
M-xylene 
P·xylene 

Source: Ptlctowc Ted'lnlcal Bulletin No. 11 

• Marry compound. wi1h an ionization potenII&I 

of 10.e eV Of I .. wiU &lao be detKted by the 

Photovac TIP (Total IonizaDl" Preaent) 

Monitor. 

eV 

8.93 
9.19 

10.37 
8.93 

8.56 
8.56 
8.45 



• 

15.1.5.2 Field Ope,..Uon 

1. Before any field anatyses, use the following steps to determine that the instrument is opera. 
tional. This should occur before the instrument Is taken into the field. 

2. Check that the lecture bottle carrier gas supply is adequate (charge supply is 1,800 psi and 
should last approximately 3 days). 

3. Set the pressure regulator to zero (fully counter clockwise) and tum on the rnain valve of 
the lecture bottle. 

4. Slowly tum the regulator control clockwise ufltD air begins to escape from the quick discon­
nect connection. Allow the line to purge for a fff'N seconds. 

5. Plug the Quick-disconnect fming into the free CARRIER IN port. Shut off and disconnect the 
air supply in use (us ..zlly a laboratory supply). Adjust the lecture bottle regulator to ap­
proximately 40 pounos per square inch gauge (psig). Set the required flowrate by using a 
bubble tube. 

6. WIth the instrument In the power-down mode, disconnect the AC power supply. Allow 15 
minutes for the effect of the gas line swltchover to subside. This lack of AC power automaticai­
Iy switches the Instrument to battery power. The instrument is now completely self-contained 
and, together 'Nfth a battery powered recorder, may be taken into the field. Check the banery 
charge on the Photovac. 

7. The instrument is rtCIN ready to be run through the startup procedures as discussed in Sub­
section 15.1.6.1. 

8. If there are significant changes in ambient temperature (greater than 10F) when the instru­
ment Is moved from place to place, the column will require time to stabUlze thermally. At 
higher sensltlvities, a nonthermaJly stabUlzed column will manifest Itself as baseline drift 

9. 00 NOT conduct analyses whUe baneries are charging because heat generated during bat­
tery recharge wDi affect column retention times and may cause baseline drift. 

15.1.5.3 Shutdown Procedure 

1. Tum the POWER SWITCH to OFF. 

2. Reduce the carrier gas flow to 2 cc/mln. 

3. If the instrument Is being retumed from the field, be sure to store the instrument hooked up 
to a larger laboratory carrier-gas supply. 

4. Maintain the battery as indicated in the manufacturer's manual. 

5. Unplug the unit except when charging batteries. 
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15.1.5.4 Maintenance and Calibration Schedul.-

F\Jnctlon Freqyency 

• Battery charge when Instrument ~ 
been operating exclusively on WAll. cur· 
rent with no use of battery 

Every 3 months for 10 hours on LOW 

• Battery charge when Instrument has 
been operated off baneries 

After each use, 1·1/2 hours of HIGH charge for 
fIIIery hour of use (DO NOT OVERCHARGE) 

• Calibration (running standards) WIth each use 

• Septum change After approxlmately 50 injection 

• Column reconditioning Every 3 months or after heavy use, or when In· 
stalling a new column 

• Th. maJnt.nance and c:.allbratlon f1.InC'tlonl mU8l be documented 

15.1.8.5 ~lIbration Procedure 

1. Photovac Incorporated conducts an Instrument calibration and Includes the chromatogram 
as a component of that instrument's instruction manual. A check of the instrument's perfor· 
mance can be accomplished by duplicating the factory calibration check and comparing the 
results. Since the Photovac is not a direct read out instrument and instrument response can 
be checked by running standards and comparing retemlon times on different days, a calibra· 
tion should be performed by running standards only. This should be done before, during, and 
atter an analysis. The concentration and identity of the standards are left up to the user, but It 
Is recommended that an aromatlc O.e., benzene) and a chlorinated hydrocarbon (i.e .. 
trichloroethylene) be included. The calibration can be performed as follows: 

• Prepare a standard for water or air analysis. Most standards run on the Photcvac range 
from 0.5 to 1.0 ppm. 

• Obtain a syringe and withdraw an aliquot of headspace gas that will result in peaks that are 
large enough to see and not so large that they do not fit on the chart paper. (Note: Water 
standards should be vigorously shaken for approximately 2 minutes before an aliquot is 
taken for injection.) 

• Compare peak~ of identical standard Injections made before, during, and after analyses. 

• If peak heights of the above injections change significantly, note the sensitivity lost or 
gained on the chart paper and include this information on the resulting report. 

15.1.8.8 Column Maintenance 

1. The standard Photovac 10A10 is equipped with two columns. Column #1 is a 1·foot long, 
1/8-lnch outside diameter (00) Tefton tube packed with CSP·20M. Column #2 is a 4·loot long, 
1/8-lnch 00 Tefton tube packed with 5 percent SE·30 on 60-80 mesh Chromosorb G. Column 
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#1 Is suitable for running blanks and other quick scans but will nee achieve slgnlficam separa­
tJon. Column #2 Is suitable for running field surveys and analyses requiring detailed separa­
tJor& 

2. New columns must be conditioned overnight with ultra-high purity helium (FR) or nitrogen 
at • temperature of 100"C at a maximum flowrate of 100 cc/min. Reconditioning of older 
columns Is accomplished under the same conditions. 

3. To gain access to the columns, use the following procedure: 

a. Disconnect the AC cord. 

b. Disconnect the chart recorder lead. 

c. Disconnect the lecture bottle carrier gas supply. 

d. Remove the four Phillips screws securing the panel to the case, and remove the 
screw attaching the lid retainer to the lid. (Never remove the panel while the instru­
mem Is connected to the main power supply.) 

e. Grasp the panel assembly by the cylinder c!amp. Gently lit the rear of the panel 
dear of the case rim, and ease the panel assembly backward from the from rim. Lift 
the panel assembly clear. 

1. Gently unplug the circuit board from the wire hamess connection. Remove the 
nine PhRllps screws from the gold box. and lift clear the lid / circuit board subassemb· 
Iy. The Imerior of the coIumn/ Ion cell chamber is now accessible. 

g. To remove the column, locate the two ftttings at each end 01 the column (ion cell 
body and Injection part). Using a 5/6 Inch open-ended wrench, loosen these fmings. 
Unscrew the flttJng with the finger and rem0V8~e column. 

h. To replace the column, reverse the preo.ious steps and take special care not 10 
damage the thread on the flning. Make the fittings finger tight, and use the 5/16-inch 
open-ended wrench to give an additional 1/8 tum to assure thai the fmlngs seat. 

15.1.8.7 Septum Change 

The 10A10 contains a Teflon-faced, sDlcone-rubber. O.25-Inch diameter septum. Hamilton "Micro Sep" 
F-138 Is suitable. The septUm can easily be replaced as follows: 

1. Unscrew the septum retainer. 

2. Exuact the old septum with a fine pair of tweezers. 

3. Insert the new septum with the Teflon face down.. 

4. Carefully screw the retainer back Imo place flnn/y. but without overtightening. 
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5. A 10- to 2O-mlnute stabilzatJon period may be required because the carrier gas !tow is tem­
porarily intemJpted when the septum Is changed. 

15.1.8.8 Troubl.,hootlng 

A list of common troubleshooting techniques for the Photovac 1 OA 10 Is provided In Exhibit 15-3. 

15.1.7 Reglon-Spectflc Variances 

No re9lon-speciflc variances have been identified; however, all future variances will be incorporated in 
subsequent revisions to this compendium. Information on variances may become dated rapidly. Thus. 
users should contad the regional EPA RPM fer full details on current regional pradlces and requirements. 

15.1.S Information 5 :urces 

Horgan, L Proposed Guidelines for Photowc 10A10 for the Surveillance and Analysis Division. U.S. 
Environmental Protection Agency. 1983. 

Photovac Incorporated. Ph.otoYac lOA 10 Opca:t:ing Maruuzl. 

15.2 HNU PI-101 

15.2.1 Purpose 

Subsection 15.2 discusses the use, maintenance, and callbratlon of the HNU PI-101. 

15.2.2 Oe11nltlons 

None. 

15.2.3 Theory and Umitatlons 

15.2.3.1 Theory 

The HNU Is a portable, nonspecific. vapor I gas detector employing the principle of photoionization to 
detect a variety of chemical compounds, both organic and Inorganic. 

The HNU contains an ultraviolet (UV) light source within its sensor chamber. Ambient air is drawn into 
the chamber with the aid of a small fan. If the ioniZation potential OP) of any molecule present in the am­
bient air Is equal to or lower than the energy of the IN light source, Ionization will take place. causing a 
deflection in the meter. Response time Is approximately 90 percent at 3 seconds. The meter reading is ex­
pressed in partS per million (ppm). AI readings mUSl be stated as equivalent readings that depend on the 
calibration gas bein'g used. For example, the szandard gas used to calibrate the HNU is benzene, which al­
lows the instrument to provide resutts in benzene equivalence. exhibit 15-4, modified from the "Instrucrion 
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1. 

2. 

Problem 

No chromatographic 

respoose 

Exhibit 15-3 
TROUBLESHOOTING PROCEDURES 

FJELD EQUIPMENT: PHOTOVAC 1DA10 

Probable Cause 

There is no carrier gas flow. 

Batteries are flat (If on battery 

operation). 

Electrometer Is saturated. 

Syringe Is plugged. 

IN source Is not on. 

Unacceptable baseline drift Unit has been subjected to 

large temperatura change. 

A very concentrated sample 

has recently been ittroduced. 

resulting In excessive tailing. 

Unacceptable baseline drift Unacceptable contamination 

levels are In carrier gas supply. 

Th, unit Is charging. and the 

resutting heat is affeding the 

column. 

15-18 

Remedy 

Check at OLTT port with flow 

gauge. 

Plug into AC and check 

again. 

Tum ATTENUATION to 10, 

set meter to o. If OFFSET 

reads 10 or more, the 

Instrument is saturated. 

Allow to self-purge until 

clear. 

Try a new syringe. 

Check SOURCE ON light; if 

It is on, see Item 9 in this 

exhibit. 

Allow to stabilize. 

Allow to self-purge until 

clear. 

Change carrier gas supply, 

and allow instrument to 

stabilize. 

Tum CHARGE switch to 

OFF. 



Problem 

3. DeterioratIon of sensitivity 

4. Unacceptable low frequency 

noise 

5. Peaks elute very slowty 

6. Peaks eluting too fast 

7. Peak has flat top 

a. Peak Is misshapen, with 

considerable tailing 

Peak is misshapen, with 

considerable tailing 

Exhibit 1~3 
(continued) 

Probable Cause 

Syringe has leaky plunger. 

Column needs conditioning. 

Septum is leaktng. 

Column ftttings leak. 

Column needs conditionIng. 

Carrier flowrate Is too slow. 

Carrier flowrate is too high. 

Electrometer has satlJrated. 

Flow is too slow. -

There is an improper injection 

technique. 

Compound is wrongly 

matched to column; perhaps 

too polar. 

Peak Is developIng from an 

eanler injectlon (ovenap of 

peaks). 
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Remedy 

Try a new syringe. 

Condition column. 

Change septum.. 

Disassemble and check for 

leaks around ftttIngs, whle 

under pressure, with soap 

soIutlon. 

Condition column. 

Adjust flowrate. 

Adjust flowrate. 

D~ute sample and repeal 

Adjust flow. 

Repeat. 

Select appropriate column. 

Allow greater time berween 

Injections, or instaJl shorter 

column. 



Problem 

Source OFF light stays on 
after 5 min. 

9. Electrometer does not 

retum to zero after startup 

Exhlbtl 15-3 
(continued) 

Probable Cause 

Batteries are low (If battery 

operation). 

Tube driver Is mismatched. 

Electrometer Is saturated. 

Remedy 

Plug In AC connector. 

Contact Photovac for 

advice (4161881-8225) 

Allow to self-purge. 

If problems perslst after trying an suggested remedies, contact Photovac Incorporated for acMee. 

Photovac Inc. 

Unit 2 

134 Doncaster Avenue 

Thornhill. Ontario. Canada L3T 1 L3 

416/881-82:2.5 Telex: 06tr964634 
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ManutU for Model P/-lOI Photoionizm:it:NI An4lyz.er" HNU Systems Inc.. 1975. lists the relative sensitivities f 
various gases. 

1S.2.3_2 Umttatlona 

1. If the IP of a chemical contaminant Is greater than the IN light source. this chemical will not 
be recorded. Some contaminants cannot be detennlned byarry sensor I probes. 

2. It should be noted. speciflcally, that the HNU will not detect methane. 

3. During cold weather. condensation may form on the IN light source window. resulting in er­
roneous results. 

4. Instrument re8dlngs can be affected by humidity and power1lnes. making it difficult to inter­
pret readings. 

5. Total concentrations are relative to the calibration gas (usually benzene) used.Therefore. 
true contaminants and their quantities cannot be identified. Also. whie the Instrument scale 
reads 0 to 2.000 ppm. response is linear (to benzene) from 0 to about 600 ppm. Greater con­
centrations may be "read" at a higher or lower lav81 than the true value. 

6. WInd speeds of greater than 3 maes an hour may affect fan speed and readings, depending 
on the position of the probe retative to wind direction. 

15.2.4 Applicability 

This procedure is applicable to HNU PI-101 Instruments used for air monitoring. 

15.2.5 Responsibilities 

The SM is responsible for monitoring the implementation of these procedures. 

15.2.6 Records 

Training records. maintenance records, and calibration records will be generated and maintained by 
the responsible organization. The maintenance. calibration, and results obtained in the field will be 
recorded in the site logbook. 

15.2.7 Procedure 

15.2.7.1 Maintenance and Calibration Responsibilities 

The Instrument user Is responsible for proper1y calibrating and operating the instrument When the in­
strument is scheduled tor or requires maintenance. these functions should be conducted only by qualified 
individuals. If possible. maintenance responsibilities should be restricted to one or two individuals who YI 

also bear responsibilities for logging the equipment In and out. Documentation of instrument user. dates ... 
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Species 

p·xytene 

M-xytene 

Benzene 

Toluene 

Dlethyt sulfide 

Dlethyt amine 

Styrene 

Trichloroethylene 

Carbon disulfide 

lsobutylene 

Acetone 

Tetrahydrofuran 

Methyl ethyt ketol'le 

Methyt isobutyl ketone 

Cyclohexanone 

Naptha (86% aromatics) 

Vlnyf chloride 

Methyt isocyanate 

Iodine 

Methyt mercaptan 

Dimethyl sulfide 

Allyt alcohol 

Propylene 

Mineral spirits 

2.3-0Ichloropropene 

Cyclohexene 

Crotonaldehyde 

Acro/ein 

Pyridine 

Hydrogen sulfide 

Ethylene dlbromlde 

N-octane 

Acetaldehyde Oxime 

Exhibit 15-4 
RELATIVE SENSITMTlES FOR VARIOUS GASES 

(10.2 IV Lamp) 

Photolonlzatlon 

SensltMtye 

11.4 

11.2 

10.0 (reference standard) 

10.0 

10.0 

9.9 

9.7 

e.9 
7.1 

7.0 

6.3 

6.0 

5.7 

5.7 

5.1 

5.0 

5.0 

4.5 

4.5 

4.3 

4.3 

4.2 

4.0 

4.0 

4.0 

3.4 

3.1 

3.1 

3.0 

2.8 

2.7 

2.5 

2.3 
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Species 

"exane 
:lhosphlne 

Heptane 

~lyI chloride 

(3~hloropropene) 

Ethylene 

Ethylene oxide 

Acetic anhydride 

Alpha pinene 

Dlbromochloropropane 

Epichlorohydrtn 

Nitric oxide 

Beta pinene 

CltraJ 

Ammonia 

Acetic Acid 

Nitrogen dioxide 

Methane 

Acetyfene 

Ethylene 

-Expressed in ppm (vtv). 

Source: IftStTUcrion Manual/or Model pr-}O} 

Exh1b115-4 
(conUnued) 

PhOloioni;Dtion Analyzu, HNU Systems. Inc.. 1975. 
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Photolonlztion 

Senslttlllty-

2.2 

2.0 

1.7 

1.5 

1.0 

1.0 

1.0 

.0.7 
0.7 

0.7 

0.6 

0.5 

0.5 

0.3 

0.1 

0.02 

0.0 

0.0 

0.0 



use, Instrument identification number, maintenance and calibration functions, and project identification 
shoufd be maintained. 

15,2.7.2 Operator Qu.JJficatlona 

The HNU. although a relatively simple Instrument to use, can be Incorrectly operated If the user is n~ 
thoroughly familiar with Its operation. An appropriate training and certification procedure must be 
developed and Incorporated Into the responsible organization's training procedures. The users must com. 
plete the training and be certified for HNU operation before using the Instrument in the field. Refresher 
courses should be obligatory every 6 months. Courses are given by the manufacturer, by commercial en. 
titles, and by EPA at their CinCinnati, Ohio, and Edison, New Jersey, facaltles. 

15.2.7.3 Startup I Shutdown ProcedW'H 

Startup 

,. Check the FUNCTION switch on the control panel to make sure It Is In the OFF position. At· 
tach the probe to the readout unit Match the alignment key, and twist the conne<jor dock· 
wise until a distinct locking Is fett.. 

2. Tum the FUNCTION switch to the BATTERY CHECK position. Check that the indicator 
reads within or beyond the green banery arc on the scale plate. If the Indicator Is below the 
green arc, or If the red L£D comes on, the banery must be charged before using. 

3. To zero the Instrument. tum the FUNCTION switch to the STANDBY position and rotate the 
ZERO POTENTIOMETER untD the meter reads zero. Wait 15 to 20 seconds to confirm that the 
zero adjustment Is stable. If It Is not, then readjust 

4. Check to see that the SPAN POTENTIOMETER Is set at the appropriate sening for the 
probe being used (5.0 for 9.5 eV probe, 9.S for 10.2 eV, and 5.0 for 11.7 eY). 

5., S. the FUNCTION swttch to the desired ppm range. A violet glO\o\' from the IN lamp 
source should be observable at the sample Inlet of the probe I sensor unit (Do not look direct· 
Iy at the glow, since eye damage could resutt) 

6. Usten for the fan operation to verify fan function. 

7. Check Instrument with an organic point source, such as a "magic marker: before survey to 
verffy Instrument function. 

Shutdown 

1. Tum FUNCTION swttch to OFF. 

2. Disconnect the probe connector. 

3. Place the Instrument on the charger. 
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15.2.7.4 Maintenance and Calibration Schedule 

FyncUon Freqyency 

• Perform routine callbratlon Prior to each use-

• Initiate factory checkout and callbradon VttaIty or when malfunctioning or after changing 
IJV tight source 

• Wipe down readout unit Ntet each use 

• aean IN light source window Evary month or as use and site conditions dictate 

• aean the ionization chamber 

• Recharge battery NtIJI each use 

During .xt.nd.cl fl.1d use. tn. HNU PSo101 mint be calibralld It lust once -rv tI'lrM days. 

15.2.7.5 Calibration Procedure No.1 

For HNU callbrarton canisters without regulators: 

1. Run through starnJp procedures as In Subsection 15.2.7.3. 

2. Fill a sampling bag with HNU callbratlon gas at known contents. 

3. Connect HNU probe to sampling bag by usng flexible tubing. 

4. Allow sample bag contents to be drawn into the probe. and check response in ppm. 

5. Adjust the span potentiometer to produce the concentration listed on the span gas 
cy1lnder.Thls procedure shall be followed only t.rrtI the span potentiometer reaches the follow­
ing limits: 

9.5 eV 
10.2 eV 
11.7 eV 

I nitIaJ Span 
pot Setting 

5.0 
9.8 
5.0 

Maximum 
Acceptance Span 

pot Senlng 

1.0 
8.5 
2.0 

S. If these limits are exceeded. the instruments must be returned for maintenance and 
recaJlbratlon. This maintenance w~I be done orIy by qualified Individuals. 

7. Each responsible organization must d8YeI~ a mechanism for the documentation of calibra­
tion results. This documentation Indudes the foIowtng: 

15·25 



a. Date Inspected 

b. Person who calibrated the Instrument 

c. The Instrument number (Serial number or other 10 number) 

d. The resutts of the calibration (ppm. probe eV, span potentlometer setting) 

e. Identification of the calibration gas (source. type, concentration) 

15.2.7.5 Calibration Procedure No.2 

For HNU calibration canisters equipped with a regulator. 

1. Run through startup procedures as described In Subsection 15.2.6.3. 

2. Connect a sampling hose to the regulator outlet and the other end to the sampling probe 
the HNU. 

3. Crack the regulator valve. 

4. Take a reading after 5 to 10 seconds. 

5. Adjust span potentiometer using the steps outlined In step No.5 of Subsection 15.2.7.5. 

6. Calibration documentation should be as In step No. 7 In Subsectfon , 5.2.7.5. 

1!.2.7.7 Cleaning the UV Ught.Source Wlndow 

1. Tum the FUNcrJON switch to the OFF position. and disconnect the sensor / probe from t 
Readout / Control unit. 

2. Remove the exhaust screw located near the base of the probe. Grasp the end cap In 01 

hand and the probe shell in the other. Separate the end cap and lamp housing from the sh~ 

3. Loosen the screws on the top of the end cap. and separate the end cap and ion chamt 
from the lamp and lamp housing, taking care that the lamp does not fall out of the lamp hOL 

ing. 

4. Tlft the lamp housing with one hand over the opening so that the lamp slides out of U 
hOUSing into your hand. 

5. The lamp window may now be cfeaned using lens paper with any of the following coc 
pounds: 

a. Use HNU Oeaning Compound on aJllamps except the 1 1.7 eV. 
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b. Clean the ".7 eV lamp with a freon or chlorinated organic solvent. Do not use 
HNU cleaner, water, or water miscible solvents O.e., acetone and methanol). 

6. Following cleaning. reassemble by first sliding the lamp back Into the lamp hOUSing. Place 
the Ion chamber on top of the housing. making sure the contacts are properly aligned. 

7. Place the end cap on top of the Ion chamber, and replace the two screws. TIghten the 
screws only enough to seal the O-ring. Do not overtighten. 

a Une up the pins on the base of the lamp housing with pins Inside the probe shell, and slide 
the housing assembly into the shell.lt will fit only one way. 

9. Replace the exhaust screw. 

15.2.7.8 Cleaning the Ionization Chamber 

,. Tum the FUNcnON switch to the OFF position. and disconnect the sensor/probe from the 
Readout / Control unit. 

2. Remove the exhaust screws located near the base of the probes. Grasp the end cap in one 
hand and the probe shejJ in the other. Separate the end cap and lamp housing from the shell. 

3. Loosen the screws on the top of the end cap, and separate the end cap and Ion chamber 
from the lamp and lamp housing. taking care that the lamp does not fallout of the lamp hoUs­
ing. 

4. The ion chamber may now be cleaned according to the following sequence: 

a. aean with methanol using a Q-tlp. 

b. Dry gently at 50-C to 6O"'C for 1/2 hour. 

5. Place the Ion chamber on top c:A the housing, making sure the conta~s are properly 
,aligned. 

6. Place the end cap on top of the ion chamber and replace the two screws. TIghten the 
screws only enough to seal the O-ring. Do not overtighten. 

7. Une up the pins on the base of the lamp housing with pins inside the probe shell, and slide 
Ihe housing assembly into the shell. It will fit only one way. 

15.2.7.9 Troubleshooting 

Tt'le following steps should be performed orJ.y by a qualified technician: 

1. The meter does not respond In any switch position (Including BATT CHK). 

a. Meter movement Is broken. 
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(1) Tip Instrument rapidly from side to side. Meter needle should move freely 
and return to zero. 

b. EJectrlcaI connection to meter Is broken 

(1) Check all wires leading to meter. 

(2) aean the contacts of Qulck~isconnects. 

c. Battery Is completely dead. 

(1) Disconnect battery. 

(2) Check vottage with a vCln-ohm meter. 

d. Check 2 mp fuse. 

e. If none of the above solves the problem. consult the factory. 

2. Meter responds In 8ATT CHK posltlon, but reads zero or near zero for all others. 

a. Power supply Is defecttve. 

(1 )Check power supply voltages as shown In Flgure 11 of the HNU lfUtTUction 
Manum. If any voltage is out a specification. consult the factory. 

b. Input transistor or amplifier has faSed. 

(1) Rotate zero control; meter should defied up "or down as control is tumed. 

(2) Open probe. 80th trans/SIers should be fully seated In sockets. 

c. Input signal connection Is broken In probe or readout. 

(1) Check Input connector on printed circuit board. The input connector 
should be flnnly pressed down. 

(2) Cheek components on back of printed circuit board. All connections 
should be solid. and no wires should touen any other object. 

(3) Check all wires In readout for solid connedlons. 

3. Instrument responds correctly in BATT CHK and STaY bI..C not in measuring mode. 

a. Cheek to see that the light source Is on. Do not look dlrect1y at UV light source. 
since eye damage could result. 

(1) Check high-voltage power supply. 
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(2) Open end of probe. remove lamp. and check high voltage on lamp ring. 

(3) If high voltage Is present at aD ab0Y8 points, light source has probably 
failed. Consult the factory. 

4. Instrument responds cor1'8dfy In all positions. but signal Is lower than expected. 

L Check span settlng for cOrrect value. 

b. Oean window of IIgl'It source. 

c. Double check preparatJon of standards. 

d. Check power supply 1 eo V output. 

e. Check for proper fan operation. Check fan vottage. 

f. Rotate span setting. Response should change if span potentiometer is wor1<ing 
property. 

5. Instrument responds in all swttch positions. but Is noisy (erratic meter movement). 

a Open circuit in feedback clrcuitConsutt the factory. 

b. Open circuit In cable shield or probe shIek1. Consult the factory. 

6. Instrument response is slow and/or irreproducible. 

a Fan Is operating improperly. Check fan voltage. 

b. Check calibration and operation. 

7. The battery indicator Is low. 

a. Indicator comes on if battery charge is low. 

b. Indicator also comes on if ionization voltage is too high. 

15.2.S Region-Specific Variances 

No region·speciflc variances have been Identifled; however, all future variances will be incorporated in 
subsequent revisions to this compendium. Information on variances may become dated rapidly. Thus, 
users should contact the regional EPA RPM for fuji details on current regional practices and requirements. 
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15.2.9 Information Sources 

HNU Systems, IncJ1ISt1"Uction MarwalfM MOtk/ PI-10l PhotoioniuztWn.An.aJyzer. 1975. 

Ecology and EnvironmentFIT Opurztion and Field MlUU,uU: HNU Systems PI-10I Pholoiofliuztion Detector 
and CUIlUI)' Systems (Foxboro) MOtkI OVA-J28 Organic VapoI"Aruzlyur. 1981. 

Personal Communication wtth Fran Connel, HNU Sysrems, Inc. 4 January 1984. 

CH2M HIll.. Field SUl"'.'eillance Equipment. 1984. 

Rabin, Unda J."Selectlve Application of Direct-Reading Instruments at Hazardous WaS1e Sites," 
presented at American Industrial Hygiene Conference, Dallas, Texas. 1986. 

15.3 ORGANIC VAPOR ANALYZER (OVA-128) 

15.3.1 Scope and Purpose 

The purpose of this subsection Is to discuss the use, maintenance. and calibration of the OVA-'28. 

15.3.2 Deflnttlons 

None. 

15.3.3 Theory and Umltatlons 

15.3.3.1 ,Theory 

The OVA uses the principle of hydrogen flame Ionization for the detection and measurement of organic 
compounds. The OVA contains a diffusion flame of hydrogen and air that is free rX ions and is noncon· 
ductlng. When a sample of organic material Is introduced Into the flame, Ions are fonned, causing !he 
flame to become condUdlve. Eventually this conductlvtty provides a meter reading because of a change in 
current. 

15.3.3.2 Umttatlona 

1. The OVA will not see any inorganlcs. 

2. The OVA will "see" methane, which is explosive but relatively nontoxic. The user should. 
detennine If the contaminant involved Is or is not methane. 

3. DOT shipping regulations are strict for the OVA when shipped containing pressurized 
hydrogen. 

4. A relative humidity greater than 95 percent wit cause Inaccurate and unstable responses. 
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5. A temperature less than 4O'"F will cause slow and poor res~nse. 

5. Actual contamlr8nt concentradons are measured relatlve to the calibration gas used. 
Therefore. specific contaminants and their quantities cannot easily be Identifled. 

7. M with the HNU Photolonlzer. the OVA responds dlfferentfy to different compounds. The 
table below Is a list, provided by the manufacturer. eX the relative sensitivities of the OVA to 
some common organic compounds. Since the instrument Is factory calibrated to methane. all 
relatlve responses are given In percent. wtth methane at 100. 

Methane 

Ethane 

Propane 

N-butane 

N-pentane 

Ethylene 

AC8fy1ene 

Benzene 

Toluene 

Acetone 

Cgmpoyod 

Methyl ethyl ketone 

Methy1lsobutyl ketone 

Methanol 

Ethanol 

lsoproply alcohol 

carbon tetrachloride 

Chloroform 

Trichloroethylene 

VInyl chloride 

Relative ResPQnse 

100 

90 

64 

61 

100 

85 

200 

150 

120 

100 

80 

100 

15 

2S 

65 

10 

70 

72 

35 

S. When operated in the gas chromatography (GC) mode. chemical standards of known con­
stituents and concentration must be analyzed by the GC. These standards must be run at the 
same operating conditions used in the sampling procedure. i.e .. carrier gas flowrate. column 
type and temperature. and ambient conditions. The purpose of running standards is to deter· 
mine retention times. concentrations (or instrument response). and optimal instrument operat· 
Ing conditions. 
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15.3.4 Applicability 

This procedure Is applicable to all OVA-1285 used for field 0( laboratory applications. 

15.3.5 Responsibilities 

The SM is responsible for monitoring the Implementation of these procedures. 

15.3.6 Records 

Training records, maintenance records, and calibration records will be generated and maintained by 
the responsible organization. The maintenance, calibration, and results obtained In the field will be 
recorded in the stte logbook. 

15.3.7 Procedure 

15.3.7.1 M.lnt.nance and Calibration RHponllbllltJn 

It Is preferable to minimize the number of peop/e responsible for maintenance and calibration of the 
OVA These peop/e should also be responsible for logging the equipment In and out. Documentation of in­
strument user, dates at use, Instrument ldentificatJon number, maintenance and calibration procedures. 
and project identlflcatlon should be maintained. 

15.3.7.2 Operl1or Qua IIflcatlonl 

Although It Is a relatively simple Instrument to use, the OVA can be Incorrectly operated If the user Is 
not thoroughly famnlar with Its operation. An appropriate training and certlHcatJon procedure must be 
developed and Incorporated Into the responsible organization's training procedures. The user must com­
plete the training and be certified for OVA use before taking the Instrument Into the field. Refresher courses 
should be obligatory every 6 months. Courses are offered by-1be manufacturer, various commercial en­
tities, and by EPA at their ClncinnatJ, Ohio, and Edison, New Jersey. facnlties. 

15.3.7.3 Startup Procedure. 

1. Connect the probe / readout connectors to the side-pack assembly. 

2. Check battery condition and hydrogen supply. 

3. For measurements taken as methane equivalent. check that the GAS SELECT dial Is set at 
300. 

4. Tum the electronics on by moving the INST switch to the ON posltJon. and allow 5 minutes 
for warm-up. 

5. Set CAUBRATE switch to X10; use CAUBRATE knob to set Indlcato( at O. 
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6. Open the H2 tank valve all the way and the H2 supply valve all the W2.y. 'Check that the 
hydrogen supply gauge reads between 8.0 and 12.0 psig. 

7. Tum the PUMP switch ON. and check the How system according to the procedures in SuI>­
section 15.3.7.5. 

8. Check that the BACKFLUSH and INJECT valves are in the UP position. 

9. To light the Hame. depress the igniter switch untS a meter deftectlon is observed. The Igniter 
switch may be depressed for up to 5 seconds. Do not depress for longer than 5 seconds. as it 
may bum out the igniter coi. If the instrument does not light. allow the instr\Jm8rlt to run 
several minutes and repeat Ignit10n attempt 

10. Confirm OVA operational state by using an organic source. such as a "magic mar1c&r," 

1 1. establish a bacJcground lev .. In a clean area or by using the charcoal scrubber attachment 
to the probe (depress the sample inject valve) and by recording measurements referenced to 
background. 

,2. Set the alarm level. if desired. 

15.3.7.4 Shutdown Procedure 

,. Oose H2 supply valve and H2 tank valve (do not overtighten valves). 

2. Tum INST switch to OFF. 

3. Wait unta H2 supply gauge Indicates system Is purged of H2: then switch off pump (ap­
proximately 10 seconds). 

4. Put instrument on electrical charger at completion of day's activities. 

, 5.3. 7.S Maintenance and Calibration Schedule 

C:'eck particle filters 
Check quad rings 
Clean bumer chamber 
Check secondary calibration 
Check primary calibration 

Check pumping system 
Replace charcoal in scrubber attach­
ment 

Factory service 

Weeldy or as needed 
Monthly or as needed 
Monthly or as needed 
Prior to project startup 
Monthly, or if secondary checJc Is off by more 
than = 10 percent 
Before project starnJp 
'20 hours of use. or when bacJcground readings 
are higher with the inject valve down than with 
the inject valve up in a dean environment 
At least annually 

Note: Instruments that are not In service for extended periods of time need not meet the above schedule 

However. they must be given a complete checkout before their flrst use. addressing the maintenance 

items listed above. 
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Calibration Procedure. 

The foilOYling steps are to be used only by qualified service technicians: 

Primary Calibration 

1. Remove Instrument components from the nstrument shell. 

2. Tum on ELECTRONICS and ZERO INSTRUMENT on X10 scale. Gas select dial to 300. 

3. Tu"m on PUMP and HYDROGEN. Ignite flame. Go to SURVEY MODE. 

4. Introduce a methane standard near 100 parts per million (ppm). 

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

6. Tum off hydrogen flame, and adjust meter needle to read 40 ppm (calibrate @ X10) using 
the calibration adjust knob. 

7. Switch to X100 scale. The meter should Indk:ate 0.4 on the 1-10 meter markings (0.4 x 100 
- 40 ppm). If the reading is off, adjust with R33 Trimpot. 

S. Retum to X10 scale, and adjust meter needle to 40 ppm with calibration; adjust knob, if 
necessary. 

9. AJ the X10 scale, adjust meter to read 0.4 on the 1 to 10 meter markings using the calibra­
tion adjust Switch to X, scale. The meter shou6d read 4 ppm. If the reading is off, adjust 
using the R31 Trimpot 

Secondary Calibration 

1. Fill an air sampling bag with 100 ppm (certified) methane calibration gas. 

2. Connect the outlet of the air-sampling bag to the air-sampling line of the OVA. 

3. Record the reading obtained from the meter on the calibration record. 

Documentation 

Each responsible organization should develop a system whereby the following calibration information 
is recorded: 

• 1. Instrument calibrated 0.0. or sertaJ number) 

• 2. Date of calibration 

• 3. Method of calibration 



• 4. Results of the calibration 

• 5. Identification of person who calibrated the instnJment 

• 6. Identiflcatlon of the callbratJon gas (source, type, concentration, la number) 

15.3.7.8 Pump System Checkout 

The following steps are to be used only by qualified technicians: 

, . WIth the pump on, hold unit upright and observe flow gauge. 

2. See if baJllevei is signiflcantly below a reading of 2; if so, now is inadequate. 

3. Check connections at the sample hose. 

4. Oean or replace particle filters if flow is impaired or if it Is tlme for scheduled service. 

5. Reassemble and retest now. 

6. If flow Is still Inadequate, replace pump diaphragm and valves. 

1. If now is normal, plug air Intake. Pump should slow and stop. 

8. If there is no noticeable change In pump, tighten Iittlngs and retest 

9. If there is stnt no change, replace pump diaphragm and valves. 

, O. Document this func:lon in the maintenance records. 

15.:3.7.7 Bumer Chamber Cleaning 

, . Remove plastic exhaust port cover. 

2. Unscrew exhaust port. 

3. Use wire brush to clean bumer tip and electrode. Use wood sticl< to clean Teflon. 

4. Brush inside of exhaust port. 

5. Blow out chamber with a gentle air flow. 

6. Reassemble and test unit. 

7. Document this function in the maintenance records. 
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15.3.7.8 Quad Ring Service 

1. Remove OVA Instruments from prolectNe shell. 

2. Remove cUp ring from bottom of valve. 

3. Unscrew nut from top of valve. 

4. Gently pull vatve shaft upward and free at housing. 

5. Observe rings for signs of damage: replace as necessary. 

B. Ughtty grease rings with siJcone graase. 

7. Reassemble valve: do not pinch rings during shaft Insertion. 

8. Document this function In the maintenance records. 

1S.3.7.i Troubleshooting 

Indication 

• High background reading 
(More than 10 ppm) 

• Continual flameout 

• Low air flow 

• Flame will not light 

• No power to pump 

• Hydrogen leak 
(Instrument not in use) 

Possible Cause, 

Contaminated hydrogen 
Contaminated sample line 

Hydrogen leak 
Dirty bumer chamber 
Dirty air filter 

Dirty air ffiter 
Pump malfunction 
Une obstruction· 

- Low battery 
Igniter broken 
Hydrogen leak 
Dirty burner chamber 
Air flow restricted 

Low battery 
Short circuit 

Leak in regulator 
Leak in valves 
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15.3.7.10 Hydrogen Recharging 

1. Hlgh~rade hydrogen (99.999 percent) is required. Maximum pressure the Instrument can handle 
is 2.300 psig. 

2. Connect the fiJI hose to the REFlLL FmlNG on the side pack assembly with the FlLl/BLfED valve 
in the OFF position. 

3. Open H2 SUPPLY BOTTLE valva. 

4. Place FlLL./BLfED valve on fill hose in BLEED position momentarily to purge any air out of the sys­
tem. 

5. Open the instrument TANK valve. 

6. Open REFlLL valvL -..)n instrumenl 

7. Place FILUBLEED valve in FILL position unta the instrument pressure gauge equalizes with the H2 
SUPPLY BOTTLE pressure gauge. 

8. Shut REFlLL valve. FlLL/BLEED valve. and H2 SUPPLY BOTTLE valve. in quick succession. 

9. Tum FlLUBLfED valve to BLEED untO hose pressure equalizes to atmospheric pressure. 

, O. Tum FlLL./BLEED valve to FlLL position; then tum the valve to the BLEED position: then tum to 
OFF. 

11. Oose TANK on instrument. 

12. Disconnect the FILL HOSE. and replace protective nut on the REFlLL FITTING. 

15.3.7.11 Par1lcle Fltter Servicing 

Filters have been placed at two points in the air sampling line of the OVA to keep paniculates from 
entering the instrument The first filter is located in the probe assembly. and the second filter (primary filter) 
is located on the side pack assembly. Oeaning procedures are as follows: 

, . Detach the probe assembly from the readout assembly. 

2. Disassemble the probe (unscrew the components). 

3. Clean the panicle filter located within the probe by blowing air through the filter. 

4. Reassemble the probe. 

S. Gain access to the primary mter. located behind the sample inlet connector on the side pack as· 
sembly. by removing the sample inlet connector with a thin-walled. 7/16·jnch socket wrench. Remove the 
filter. and clean as above. 
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6. Reassemble the sample Inlet fitting and fitter to the side pack assembly. 

7. Check sample flOw1'ate. 

15.3.7.12 Reglo~Speclflc Variances 

No region-specific variances have been ldentJfied; however, aJl future variances wRl be Incorporated In 
subsequent revisions to this compendium. Informldon on variances may become dated rapidly. Thus. 
users should contact the regional EPA RPM for full decals on currem regional practices and requirements. 

15.3.7.13 Information Sourc .. 

The following references were used In generating this subsection of the compendium: 

Region II FIT. Proposed Gll.itUlina for rAe O~ Vapor AruziyzP. 1 984. 

Ecology and Environmem. FlT Operrztiotr and FIdd MaruuJl.: HNU Systems !'l-lOl Pholoionu.arion Dtlte· 

tor DNi Cmtwy Systems (Fo.rboro) Model OVA-l28 Orpaic Vapor.ANUyzc. 1981. 

Cemury Systems (Foxboro). Service ProcuJures: Organic Vapor.Alu:Jyur. 128GC. 

CH2M HIll.. Fuld S~ E.qWpmenI. 1984. 

15.4 EXPLOSIMETER 

15.4.1 Scope and Purpose 

This subsection provides general guidance for the understanding, use, and application of an ex· 
plosimeter. The methodologies refer to axpIosimeters manutactU[Sd by Mine Safety Appliances Company. 

15.4.2 Oeflnltions 

Exploslmeter 
An Instrumem used to test an atmosphere for concemratJon of combustible gases and vapors. 

Lower Explollve Umtt (LEL) 
The lowest concemratJon of a gas or vapor in air. by volume. that will explode or bum when 
there Is an Ignition source presem. 

Upper Explollve Umlt (UEl) 
The maximum concentration of a gas or vapor In air, by volume, that will explode or bum wtle~ 
there Is an Ignition source present. 
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15.4.3 Applicability 

Exploslmeters have been used during installation of monitoring wells and In and around landfills wh~. ~ 
methane gas Is of primary concern. Once a monitoring well Is insla.Iled, methane gas can accumulate in­
side the well casino and can create a potentially axpIosN8 environment 

ExpIosimeters have also proved ~ during the excavation of buried drums and tanks. In what can 
sometimes seem like an Innocuous sttuatlon because c:I the adequate varnBatJon around the trench, 
haavler-than-alr vapors can collect at the bottom 01 the trench to produce an explosive environment. Addi­
tionally, the expIosimeter has provided seMca when Invastlgatlve wone has discovered abandoned 
warehouses and storage sheds containing drums at volatle substances. The explosimeter is typically used 
when entering any confined space or for initial entry on hazardous waste sites. 

15.4.4 Responsibilities 

Before the Instrument Is taken Into the flek1, It should be Inspected and calibrated to ensure that it is 
operating properly. If possible, maintenance and calibration should be restricted to one or two qualified in­
dividuals. 

15.4.5 Records 

Logbooks should contain records of the instrument checkout and calibration procedures. Although a 
relatiVely simple Instrument to use. the axpIoslmeter can be Incorrectty operated if the user is not thorough­
ly fam~iar with its operation. An appropriate training and certification procedure must be developed and In­
corporated. The users must complete ttle traJning and be certified for operation before using tne 
p/oslmeter in the fl~. Refresher courses should be obligatory fNery 6 months. Courses are offered by. ~ 
manutacrurer. various commercial entities. and by EPA at their Cincinnati, Ohio, and Edison, New Jersey, 
facOltles. 

15.4.6 Procedures 

1 S. 4. 5. 1 Theory 

A typical explosimeter draws a sample of the atmosphere aver a heated catalytic mament that forms a 
balanced electricaJ circuit. Combustibles that are present in the atmosphere are bumed on the filament. 
which raises its resistance in proportion to the concentratJon of the combustibles in the atmosphere. The 
resulting imbalance of the circuit causes a deftectlon of the meter needle on the instrument. 

15.4.5.2 Operation 

The Instrument must be calibrated before each field use. Calibration is performed by using a known 
concentration of a combustible gas that can be obtained from Mine Safety Appliances Company. Once the 
calibration gas is Imroduced to the Instrument, adlustments can be made on an intemal span control inside 
the explosimeter. If the explosimeter cannot be adlusted to read the standard. then the detector filament 
must be l'9p1aced. 

To establish a zero background reading, the explosimeter should be prepared for operation in an area 
known to be free of combustible gases and vapors. A lIush of fresh air should be passed through the ,-, 
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strument to zero the meter needle. The sampling line should then be placed at the point where the sample 
Is to be collected. and the highest reading on the meter should be recorded. The graduatlons on the scale 
of the meter are In percentages of the lower axpIostvellmlt. A deflection of the meter needle between zero 
and 100 percent shows how closely the IIImOsphere being tested approaches the minimum concentration 
required for an explosion. When the needle deflects to the extreme right side of the meter during a test. the 
person performing the test can reasonabfy assume thai the atmosphere being tested Is explosive. If the 
needle deflects to the extreme right side and then quickly returns to a position wtthin the scale or belo.¥ 
zero, this movement Indicates that the atmosphere tested has exceeded the concentration of the UEL 
This means that an overabundance d the gas or vapor has displaced or consumed the "normal" air 
(oxygen levels of about 21 percent), cr .. ting an environment that wUI not explode but could explode if the 
oxygen I ..... els retum to normal; therefore, • Is Important to continue monitoring. The user should always 
have the Instrument on until the field team has lett the atmosphere being tested and a final "ush of fresh air 
has passed through the exploslmeter to be sure that the atmosphere has been thoroughly analY2ed. 

15.4.8.3 Umltatlons and Warnings Auoclated with an MSA Explollmeter 

As with all Instruments. the user shoUd appreciate the limits of the exploslmeter's capab~lties and 
should be sure to operate the Instrument within those limits. The following represents several important 
limitations: 

1. The Instrument Is not designed to work in an oxygen~nriched environment (oxygen above 
25 percent). nor will It function property In an oxygen~eficlent atmosphere (below 19.5 per­
cent). Therefore, It must be used In conjunction with an atmospheric oxygen indicator. 

2. The instrument wfII not indicate the presence of explosive or combustible mists or sprays. 
such as lubrication 01, or explosive dusts. such as grain or coal dusts.. 

3. Care should be taken when sampling aver liquids so the liquid Is not drawn Into the instru­
ment 

4. The following substances may polson the detection mament: leaded gasoline. sllanes. 
silicones. silicates. or any silcon-contalning compound. 

5. The relative humidity must be In the range of 10 to 90 percent 

6. The Instrument has a tolerance of 40 percent. For example. a reading of 20 percent LEL 
could be as high as 28 percent or as low as 12 percent 

7. The Instrument must not be switched on or off unless the user Is In a known combustlbl. 
free atmosphere. 

8. The explosive limits for many gases and vapors are far above the threshold limit values 
(TLVs) for those substances. 

9. Fuming acids, such as sulfuric acid and nitric acid. will also polson the detection mament 

10. The Instrument Is typically calibrated wtth methane gas. Many other materials are ex­
plosive at concentrations below that d methane. eare must be used In a test atmosphere that 
may contain these types d materials. The readings obtained by the Instrument are not 
speciflc. The readings Indicate arty that the atmosphere being measured Is some percentage 
of the LEL of the calibration atmosphere. Therefore, the National Instttute for Occupational 

15-40 



Safety and Health- criteria shown belOYt must be used In Interpreting the readings when using 
the instrument In an atmosphere of unknown contaminants. 

15.4.8.4 NIOSH Criteria 

NIOSH guidelines on the use of the expIosJmeter are as follows: 

1. Ten percent LEL- Umlt actfvitles In area to those that do not g.nerate sparlcs: wear non­
sp8rlclng gear, use spark-proof equipment. 

2. Twenty percent LEL - Umit all actfvitles In area. 

15.4.7 Region-Specific Variances 

No region-specific variances have been Identlfled: howeYer. all future variances will be Incorporated In 
subsequent revisions to this compendium. Information on variances may become dated rapidly. Thus, 
users should contact the regional EPA RPM for fujI detans on current regional practices and requirements. 

15.4.8 Information Sources 

MIne Safety Appliances Company. 'nstruct!on Manual. Model 250, Combustible Gas and Oxygen 
Alarm." Pittsburgh. Pennsytvania. 

U.S. Environmental Protection Agency. Standard Opcating GuitW. December 1984. 

NIOSH / OSHA / USCG / EPA. OccupaDonm Safny and Hta.ilh Gu..idtutet Manual for Hf1Zl1I'doUJ Waste Sitt 
...ten·viIie.!. October 1985. 

15.5 OXYGEN INDICATOR 

15.5.1 Scope and Purpose 

This subsection provides general guidance for the understanding. use, and appilcatlon of an oxygen in· 
dicator. The methodologies that are described refer to oxygen Indicators manufactured by Mine Safety Ap­
pliances Company. 

15.5.2 Definitions 

Oxygen Indicator 
An instrument that provides a means to measure atmospheric oxygen concentrations. The 
volume percent for atmospheric oxygen Is 20.95 percent. 

Partial Pressure 
The pressure that each gas exerts in a gas mixture 0 .•.. oxygen is 159 mmHg at sea level). 
Partial pressure is also temperature dependent. 
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15.5.3 Applicability 

Wherever contaminants have been detected. a certain percentage of the atmosphere has been dis­
placed. subsequently lowering the partial pressure of oxygen. In respiration. it is not the percentage of 
oxygen in the air. but rather its partial pressure that is important in sustaining life. 

Oxygen-<leficient atmospheres at hazardous waste sites often include confined spaces. such as aban. 
doned warehouses where solvent drums are typically stored. Oxygen-<leficient atmospheres could possib. 
Iy be created during drum excavation in test pits where heavier-than-air vapors accumulate at the bonom of 
the test pit. 

15.5.4 Responsibilities 

Before taking the oxygen indicator into the field. the user should inspect and calibrate it to ensure rts 
proper operation. If possible. maintenance and calibration should be restricted to one or two qualified in. 
dividuals. 

15.5.5 Records 

Logbooks should record the oxygen Indicator's checkout and calibration procedures. AAhough it is a 
relatively simple instrument to use. the oxygen indicator can be incorrectly operated If the user is not 
thoroughly familiar wtth Its operation. AA appropriate training and certification procedure must be 
developed and incorporated. The users must complete the training and be certified for operation before 
using the instrument In the field. Refresher courses should be obligatory f!IIery 6 months. Courses are of· 
fered by the manufacturer. by various commercial entities. and by EPA at their Cincinnati. Ohio. and 
Edison. New Jersey. facRItIes. 

15.5.6 Procedures 

15.5.S.1 Theory 

The MSA Oxygen Indicator tests the partial pressure of oxygen In the atmosphere. The actual sensing 
device consists of an oxygen-specific permeable membrane that allows oxygen to pass into the sensor 
until the partial pressures equalize on both sides of the membrane. Inside the sensor is an electrolyte solu· 
tion that surrounds two electrodes. AA oxldation-reductlon reaction occurs In which the amount of current 
generated Is directly proportional to the oxygen concentration. The change in current Is detected by the 
meter circuit. and the needle Is calibrated to Indicate oxygen concentration in percentage. which Is read 
out directly. The sensor is temperature compensated from 3~F to 104~. The Indicator response time is 
increased in temperatures beyond t~e compensated range. partially below 3~F. 

The instrument must be calibrated before using it in the field. Calibration is performed by adjusting a 
calibration screw when the probe Is exposed to fresh air. Readings should be checked every hour in sam· 
piing areas where the temperature Is not constant to attain the greatest accuracy possible. 
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15.5.8.2 Umitat/ons and Warnings Associated with an MSA Oxygen Indicator 

As with aJllnstruments. the user should appreciate the limits of the oxygen indicator's capabilitles ana 
should be sure to operate it within those limits. The following represents several of the imponant limita­
tlons: 

1. Condensation of moisture on the sensor face will cause low oxygen readings. To avoid 
this problem. aJlow the sensor to reach ambient temperature before taking readings. 

2. Strong oxidants such as fluorine. chlorine, and ozone will lead to erroneously high oxygen 
readings when these oxidants are present in concentrations exceeding 5.000 ppm or 0.5 per­
cent. 

3. Concentrations of C02 greater than 1 percent Wlli reduce sensor life. 

4. Changes in barometric pressure because d attftude will also affect the meter reading. The 
instrument Is calibrated for 2O.S percent oxygen at sea level (one atmosphere). 

5. Relative humidity operating range Is 10 to 90 percent. 

6. The sensor must not be touched by hands or other Objects: the membrane Is easily 
damaged. 

7. Fuming acids. such as sulfuric acid or nitric add. will poison the probe. 

S. Once exposed to air. the oxygen sensor has a shelf life of approximately 1 year. 

15.5.8.3 Recommended Action Level. 

If the oxygen level is less than' 9.5 percent. the inspection should be continued only with a salf-con· 
tained breathing apparatus (SC8A) or a similar unit: the oxygen-deficient area should be identified. 

If the oxygen level Is more than' 9.5 percent. the inspection can continue without breathing apparatus. 
If the cartridge will provide adequate sorbent effiCiency. a cartridge respirator is acceptable. Also. the con· 
taminant must have good waming properties. and must no( react with the sorbent material in the cartridge. 

If the oxygen level exceeds 25 percent. the area should be vacated. since an oxygen· rich atmosphere 
exists and an explosion or fire is possible. 

15.5.8.4 NIOSH Criteria 

Oxygen levels lower than 19.5 percent require the use of supplied-air respirators. 

15.5.7 Region-SpecifIc VarIances 

No region-specific variances have been identified: llOINever. aJl future variances will be incorporated in 
subsequent revisions to this compendium. Information on variances may become dated rapidly. Thus. 
users should contact the regional EPA RPM for full details on current regional practices and requirements. 
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15.5.8 Information Sources 

Mine Safety Appliances Company. -Instruction MtzrW4l, Modd 260, Combustible GGS tmd o.z,p Allum." 
Pittsburgh. Pennsytvania. 

u.s. Environmental Protection Agency. SUl:I'ldtvd Operating Guides. December 1984. 

NIOSH I OSHA I USCG I EPA. Oct:upcit:Jtt4J Safety QNJ HuUIlt Guidance MtlrWQ) for HtIZIVtiow WGSte Silt: 
ActiviliLr. October 1985. 

15.6 COMBINED COMBU~T1BLE GAS (EXPLOSIMETER) AND OXYGEN ALARM 

15.6.1 Scope and Purpose 

This subsection provides general guidance for the understanding. use. and application of a combined 
combustible gas and oxygen alarm. The methodologies refer to combined combustible gas and oxygen 
alarm Instruments manufactured by Mine Safety Appliances Company. 

15.6.2 Definitions 

Explotlmeter 
An instrumem used to test an atmosphere for concentration of combustible gases and vapors.. 

Lower Explotlve Umlt (LEL) 
The minimum concentration of a gas or vapor in air by volume that will explode or bum when 
there Is an Ignition source. 

Upper Explosive Umlt (UEL) 
The maximum concentration of a gas or vapor In air by volume that wHi explode or bum when 
there is an ignition source. 

Oxygen Indicator 
An Instrumem that provides a means to measure atmospheric oxygen concentraUons.. The 
volume percem for atmospheric oxygen Is 20.95 percent 

Partial Pressure 
The pressure that each gas exerts In a gas mixture O.e., oxygen is 159 mmHg at sea level). 
Panlal pressure Is also temperature dependent 

15.6.3 Applicability 

The combined combustible gas and oxygen alarm can be extremely usefU, since both the combustible 
gas and oxygen alarm are IMCOflX)I1ded Into one unit. For example, when combustible vapors are present 
. In sufficient concentrations to displace a certain percentage of the atmosphere. this condition should be 
reflected as a low reading on the oxygen indicator and an elevated reading on the explosimeter. In tum. 
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the oxygen Indicator also establishes the limits of oxygen concentration (19.5 percent to 25 percent) 
which the exp/osimeter can function property. 

This Instrument has been useful during Installation of monitoring wells In and around landtms where 
methane gas Is of concem. Confined spaces at hazardous waste sites. such as abandoned warehouses 
and storage sheds containing drums of voIatDe substances. Pits. trenches. or sewers are prime examples 
of where the instrument has provided service. 

15.6.4 Responsibilities 

Before the instrument is taken into the field. it should be inspected and calibrated to ensure that it is 
operating propeny. If possible. maintenance and calibration should be restricted to one or two qualified in­
dividuals. 

15.6.5 Records 

Logbooks should record the Instrument checkout and calibration procedures. Although a relatively 
simple instrument to use. the oxygen alarm can be incorrectly operated if the user is not thoroughly familiar 
with its operation. An appropriate training and certification procedure must be developed and incor­
porated. The users must complete the training and be certified for operation before using the instrument in 
the field. Courses are offered by the manufaCtlJrer, various commercial entitles. and by EPA at their Cincin­
nati, Ohio, and Edison. New Jersey. facilities. 

15.6.6 Procedures 

The procedures for the confined explosimeter ard oxygen indicators are the same as for the separate 
instruments. The reader should refer to Subsections 15.4 and 15.5. 

15.6.7 Region-SpecifIc Variances 

No region-specific variances have been identified: however. all future variances will be incorporated in 
subsequent revisions to this compendium. Information on variances may become dated rapidly. Thus. 
users should contact the regional EPA RPM for full details on current regional practices and requirements. 

15.6.8 Information Sources 

Mine Safety Appliances CQmpany. -Instruction Manual. Model 260. Combustible Gas and Oxygen 
Alarm." Pittsburgh. Pennsytvania. 

U.S. Environmental Protection Agency. SIlV1dJvci OpelTlling GuiiUs. December 1984. 

NIOSH I OSHA I USCG I EPA. OCCUptUWflaJ Safety and Health GuitimJct MlV1ual for Hazardous Wastt Sitt 
Activities. October 1985. 
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15.7 VAPOR DETECTlON TUBES - DRAEGER GAS DETECTOR MODEL 21/31 

15.7.1 Scope and Purpose 

This procedure discusses the use of Draeger tubes to detennlne the concentrations of specific 
gaseous pollutants in the field. 

15.7.2 Definitions 

None. 

15.7.3 Theory and Umitatlons 

1 5.7.3.1 Theory 

A known volume of air Is drawn through a reagent by using the pump and tube. The length of the color 
change observed In the tube tran5tates to a ppm value. 

15.7.3.2 UmltatJonl 

,. Cross sensitivity is typical. 

2. Readings are not specific: there Is a large degree of error (35% at 1/2 the pennissible ex· 
posure limit (PEL) to 25% at , to 5 times the PEL). 

3. A slow response time is typical. 

4. Srelf life can be maintained for 2 years by retrigeraUno-Wbes. 

5. Operator error In Mreadlng" the Jagged edge where the contaminant meets the indicator 
chemical (end point) is a major source of inaccuracy. 

15.7.4 Applicability 

The colorimetric tube and pump measure the concentrations of specific inorganic and organic vapors 
and of gases that cause a discoloration which Is proportional to the amount of material present The detec· 
tor tubes are specific for Individual compounds, or groups of compounds, and require specific sampling 
techniques. This information Is supplied with the tubes; It detal~ the required sample volume, the proper 
tube preparation and insertion into the pump, and the appilcabBIry and limitations of the individual tube. 
Since several hundred different tubes are avaUabie. the IJser must consult the specific Instructions for each 
tube. 
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15.7.5 Responsibilities 

The SM Is responsible for determining when the use of the Draeger tube Is appropriate and for monitor­
Ing that the tube Is properly set up for field sampling. 

Personnel must be trained In the use of the detector tubes. Refresher courses should be obligatory 
wery 6 months. Courses are offered by the manufacturer. various commerciaJ entJtIes. and by EPA at their 
Cincinnati. Ohio. and Edison. New Jersey. facUlties. 

15.7.6 Records 

The comments dealing wtth the Draeger tube sampling episode should be detailed In the fleld logbook. 

15.7.7 Procedures-

15.7.7.1 Operation 

A pump check should be performed each operational day. To comp/ete this check. place an unbroken 
tube Into the suction Inlet of the pump and completely depress the bellows. The bellows should nOt com­
pletely extend (taut chain) In fewer than 30 minutes. 

15.7.7.2 Field UN 

• Break off both tips of the Draeger tube(s) In the break-off eyelet located on the front pump plate. 

• Tlghtty Insert the rube Into the pump head with the arrow pointing toward the pump head. If multI­
ple tubes are used (e.g.. vinyl chloride). Join the tubes with the rubber rube provided. then insert 
the rube into the pump head. 

• Fully compress the bellows and allow the bellows- to r&-eXtend untU the chain is taut. Repeat as 
otten as specifled In the tube operating instructions. 

• Evaluate the tube according to InstnJct1ons. 

15.7.7.3 In-House Hlndllng Procedur .. (Check In) 

• Each unit on retum from the fleld should be subjected to the following tests with results being 
entered in the logbOOk. 

• The unit will be visually examined for surface dirt. deformities. cracks. and cuts. 

• The pump Integrtty will be checlced In the following manner. 

Block the inlet with an unopened tube. 
F~1y compress; then release the pump bellows. If the bellows do not completely fiJI 
Qlmit chain slack) in 30 minutes. the unit is operating property. If the unit does not 
pass the leak test. proceed as follows: 
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- Remove the pump plate. 
- Unscrew the valve with the special wrench. 
- aean the valve in water and dry. 
- Replace the disc if it Is sticky. brittle. hard. or cracked. 
- Reassemble and retest 

15.7.8 Reglon-Speclflc Variances 

No region-specific variances have been identified; ha.Y~er. all future variances will be incorporate. 
subsequent revisions to this compendium. Information on variances may become dated rapidly. Tr 
users should contact the regional EPA RPM for full details on current regional practices and requirement 

15.7.9 Information Sources 

MQ/luaJ 01 CaJibf'tUiorr., MaintD'lQ/lce, Service and Opuation of NUS H&S Equipmmt Q/ld Monitoring !rut 
ments. November 1984. 

U.s. Environmental Protection Agency. OIturUtuizDtion 01 Hauudous Waste Sjt~ Volume II. Availa: 
Sampling Methods. EPA600/X·83~'8. March 1983. 

15.8 FIELD EQUIPMENT-RADIATION MONITORS 

15.8.1 Scope and Purpose 

This subsection provides guidance in the use and implementation rationale in determining possible e 
posure(s) to ioniZing radlatJon by radiation monitors. Radiation or radioactivity is the propeny of t! 
nucleus of an atom to spontaneously emit energy in the form of high-energy electromagnetic waves or pc 
tlc/es. Types of radiation that are of concem are alpha panicles. beta particles. and gamma and X-radi 
tlon. 

Stable atoms at an element are composed of a dense nucleus containing an equal number of protor 
and neutrons. Surrounding the nucleus are douds or orbits of electrons. The number of electrons in t~ 
atom of an element equals the number of protons. The number of neutrons in the atom can vary and. rt 
does, the atom Is known as an isotope. Most isotopes are synthetic although some, such as Cs123 ar 
U238, occur naturally in nature. In addition, most isotopes are radioactive; they are unstable and tend ~ 
transform into an atom of a different element called a "'daughter' by releasing a particle (either alpha or be' 
particles) or by emission of gamma and X-rays. The type of energy released and the rate of this relea~ 
(decay rate or half life) is particular to each isotope. If desired, the isotope can be identified by determinir 
the type of energy released and by measuring the decay rate. 

Radiation, unlike other chemical and physical exposures, has no real·time waming properties that ar 
detectable by the human sensories. However, reliable radiation detectors are available. 

All radiation detectors other than paSSive dosimeters (radiation badges) operate on the same prinCiplE 
radiation causes ionization in the detection media. The ions produced are counted electronically. and 
relationship is established between the number of ionizing events and the quantity of radiation presen 
Types of radiation detectors include the following: 
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• Ionization detection tubes are used primarily In high-range Instruments. predominantly for detat 
tlon of gamma and X-nKllation. 

• ProportlonaJ detection tubes Inherentty do not detect beta or gamma radiation: they are used 
primarily for detection of alpha radiation. 

• Geiger-Mueller detection tubes are very sensitive to gamma and beta radiation. 

• ScintUiation detection media are crystal media that interact with radiation: they are highly sensitive 
to alpha and gamma radiation. 

15.8.2 Definitions 

Radiation Alert- MIni 
Portable unit that detects Ionizing radiation and that Indicates. by using lhree-level scales, the 
actual radiation onsite with sound and light wamings and a level indicator. 

ROENTGEN 
The amount of gamma or X-radiation that will produce one electrostatic unit of charge in 1 

cubic centimeter of dry air. 

Radiation Absorbed oOSI (RAO) 
The quantity of radiation required for 100 ergs of energy to be absorbed by 1 gram of body 
tissue. 

Radiation DOH Equivalent In Human. (REM) 
A measure of the dose received in tenns of its estimated biological effect(s) on humans. 

Thermolumlnescent Dosimeter (TLO) Badg. 
A cJlp-on badge containing a substrate impregnated with either lithium or calcium fluoride. 
These materials are phosphors that store energy when exposed to ionizing radiation. When 
the phosphor is heated to several hundred degrees centigrade, energy is released in the form 
of visible light that is measured with a photometeFr-Providlng an exposure reading. 

15.8.3 Applicability 

For the purpose of fleld woO< and site investigations. field teams should use several types of exposure 
monitors during field activities. It is conceivable that during different activities (recon versus sampling), dis­
turbing different areas of a site may expose previously undetected radiation sources. 

The cross conversion of ROENTGEN, REM, and RAo depends on a ·'quality factor' that is specific to 
each radioisotope and on the energy level of the radiation. With various forms of radiation. each has a 
·'quality factor' that is based on its estimated biological effect on humans. It. therefore. stands to reason 
that each radioisotope has its own respective "quality factor.· 

Survey-type radiation detectors are normally calibrated against a cesium-137 gamma source. In es­
sence. the detector is not calibrated for other Isotopes. It does. however, serve as a good reference and 
reiatlve indicator for other radlosotopes. The results of survey-type radiation detectors are usually dis­
played by a counter or audio response. along with a readout of mifJIroentgen per hour (mR/hr). 
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15.8.4 Responsibilities 

The SM should see that flekj personna are equipped with TLO badges and a Radiation AJert·~. 
simaar unit) during any aspect of field work. Health and safety personnel are responsible for addre 
these safety subjects in the safety p(an and for seeing that TtD badges are issued and collected quartE 

, 5.S.S Records 

15.8.5.1 Thermolumlnescent Oo.lmeter (T1..O) Badge 

The responsible health and safety manager or designee will maintain records of no issuance 
results. as well as badges that are lost or exposed through nonfleJd (airport or dentist) activitY. 

15.8.5.2 Other Radiation Monitors 

Health and safety personnel or their designees maintain records relative to the following: 

1. Periodic calibration (according to factory specifications). 

2. Major repairs (in which case the unit Is to be labeled "Out of Service"). 

3. Usage in the field. 

4. Site safety personnel will keep records of any above background readings and action taken 
(to be noted on the site safety follow-up report or by emergency phone call) to be submitted to 
the responsible health and safety manager. 

, S.S.6 Procedures 

15.8.5.1 Radiation Alert- Mini 

An example of a survey·type radiation detector is the Radiation Alert·Minl. manufactured by SOie 
Electronics. which uses a miniature geiger detector tube with a thin mica end window called the alpha wlr 
dow. This arrangement makes the Radiation Alert·Mlnl sensitive to a/l forms of radiation. The detector inc 
cates all incoming radiation with an audio response and counter. The level of radiation is measured in mil 

ilroentgens per hour (mFVhr). At lower elevations natural background radiation can produce '0 to 2( 
counts per minute. The detector has three ranges (X1. X10. and X100) with two alarm lights that ;rdicat( 
counts of 10 and :30 percent for each range. e.g. •. 1 mA/hr and .3 mA/hr for the X 1 range, and , mRthr anc 
3 mRthr for the X, 0 range, and so on. Checkout procedures are as follows: 

1. Check to see the unit is ''fie6d.ready.· 

2. Check battery by switching to ON position. (Note: Field teams should bring extra bat· 
teries. especially for lengthy projects.) 

3. Switch unit to AUDIO. A periodic beep and flash wiJllndlcate the unit is working, especial", 
because of background radiation.. (.01·.02 mA/hr) (Note: 10 to 20 CPM on unit.) 
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4. Set the scale on the unit so it falls within precautionary guidelines as follows: 

If less than 2 mA/hr. continue InvestlgatJon wtth caution. 
If greater than 2 mA/hr. stop work and ..... cuat. sit •. 

(Not.: Exact readings cannot be determined with most alert-minis. If readings above back­
ground are determined with the alert-mini. a radiation SUNf1Y meter or equlvalem must be used 
to determine exact readings before continuing operadons.) 

5. Note any areas that display above-background readings. If any site evacuation is needed. 
contact the responsible health and safety manager upon reaching an offsit. "safe zone." 

6. Umitatlons and precautions: 

• When testing for alpha radlatJon. be sure to position the alpha window about'.4 inch from 
the material under test Alpha particles wi! nor penetrate more than about 1 inch of air and 
can be shielded by thin paper or simBar material. 

• Avoid exposing the Radiation Alert-Mini dlrectfy to liquids and corrosive gases: also avoid 
extreme temperatures and direct sunlight 

• Avoid contamination by not touching the surface of material being tested. 

• Calibration must be checked and performed by the factory. Annual calibration is recom­
mended. although its operation should be checked periodically with a low-emission source 
such as mantals used in gas lantems. 

15.8.8.2 Thermo/umlnescent Dosimeter (Tl.D) Badge 

(Note: The TLD badge measures total quarteny cumulative dosage to the body. It is by no means to 
be used as a substitute for Aadiarfon Alert-Mini or Thyac III. which measures actual site radiation. 

Radiation badges are commonly based on film dosimetry or chemical dosimetry. It is important to un­
derstand the usefulness and limitation of passive radiation dosimeters. 

The conditions under which one must work are generally complex. ill defined. and irregular. Perhaps 
the most practical method. although less accurate than real-time monitors. is to monitor radiation exposure 
by using dosimeters. The dosimeter. or radiation badge, usually provides enough information that the ab­
sorbed dose can be inferred from the data. The dosimeter serves as a reliable assessment of radiation ex· 
posure on a time-weighed average and activity basis. DOsimeuy is a convenient method of monitoring ex· 
posure for a whofe crew of individuals where other methods would otherwise be impractical, if not impos· 
sible. 

Upon receipt of TLD badges for each quarter, the responsible health and safety personnel implement 
the following procedures: 

, . Distribute TLD badges to personnel subject to potential radiation exposure during neld and 
laboratory activities. . 

2. Personnel who are issued a TLD badge wear the badge on their front pockets while onsite 
or performing laboratory work. 
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3. Field team members required to go through airport baggage checks (en route to or from 
the site) MUST WEAR THE BADGE (Badges packed In luggage may become exposed if 
passed through X-ray machines.) QQ JlC1 wear badges durtng visits to the dentisl 

4. At the end of each quarter, heatth and safety personnel collect the badges and retum them 
(including the control badge) to the manufacturer (or the designated company representative) 
and issue new badges for the coming quarter. 

5. Umltatlons and precautions 

• Dosimetry is a measure of after-the-fact exposures. 

• Badges that are not worn by wori<ers provide little Information; compliance must be 
monitored. 

• Badges that are exposed to direct sunlight for extended periods produce false readings 

• Badges that are exposed to ionizing radiation when not In use, as in the case of securrty 
checks at airports and in the presence of color TV and microwave ovens. will produce 
false positive readings. 

15.8.6.3 Model 490 Vlctore.n Thyac 11/ Survey Meter 

The Model 490 is a pulse-count ratemeter and power supply. With the pancake detector probe, it acts 
as a survey meter for aJpha-beta-9'!mma radiation. Its range of operation is 0-80,000 cpm or 0-20 mR/hr 
approximate radiation intensity with appropriate detector. 

Use aDd Operation 

The instrument should be used only by persons who have been trained in the proper interpretation of 
its readings and in the appropriate safety procedures to be fol~ed in the presence of radiation. Training 
courses are mandatory for all fiekl personnel, and refresher courses should be obligatory fNery 6 months. 
Failure to follow instructions may resutt In inaccurate readings and/or user hazard. Indicated banery and 
operational (check source) tests must be performed before each use to ensure that the instrument Is 
functioning propeny. FaDure to conduct periodic performance tests in accordance with ANSI N323-' 9iS. 
paragraphs 4.6 and 5.4, and faUure to keep records thereof In accordance with paragraph 4.5 of the same 
standard could result In erroneous readings of potential danger. 00 not connect or disconnect any detec· 
tor while the instrument is on. Walt 2 minutes after the Instrument Is tumed off before connecting or dis­
connecting any detector. Failure 01 transistors will occur If these Instructions are not fO//owed. 

The Thyac III Is designed for 100 hours of continuous use on two "OM cell baneries and longer with in· 
termittent use. Trained personnel arf required to Interpret Its readings. The user must be sure to read the 
instruction manual before using. The instrument is In a weatherproof case, which contains the two operat· 
ing controls (the function switch, and the response switch) on top. 

A low-intensity beta check source Is provW::led on the case. Temperature limits are .JQ- to + 5O"C Olmits 
for baneries may be different). The check source may be used with a headset or an audio speaker, it may 
be put In a plastic bag, when appropriate, to prevent contamination. 

15-52 



Maintenance 

00 not store the Instrument with the baaer1a:s Inside. Replace the baneries as Indicated during the ty 

tery check performed before 88ch use. Recallbrate the Instrument periodically accortllng 
manufacturer's specifications. 

15.8.8.4 Eberlin. Mode' E·120 R.dilltJon Monitor 

The Modal E·120 Is a gamma response radiation monitor that has dual scales (0-5 mRthr and O~ 
CPM). This unit has three range multipliers (XC. 1 , x1.D. and x10.0) and has adjustable response times. The 
generaJ operating procedures are as follows: 

Fjeld Operation 

• Switch to the banery check position to IndIc3e the battery conditJon. 

• Check the instrument', operation by placing a check source In a repeatable position adjacent to 
the detector. Move the selector switch to a range that will give an upscale reading greater than 10 
percent of scale. Ad/ust the response control to minimize the erratic meter movements. 

• Log the instrument's response value on the ~ tag. 

In-House I-Iandllnc procedure, (Check Inl 

• When each instrument retums from the field or at altemate 5-month maximum storage intervals. 

- Oean and visually examine the instrument for defects 
- Check its battery status 
- Validate its response to an operation checX source 
- Enter the above data and any green tag data into the appropriate logbook 

• Alleast once per year. ship each instrument to the manufacturer for racaJlbratlon. 

15.8.7 Region-Specific Variances 

No region-specific variances have been identified; however. all future variances will be incorporated in 
subsequent revisions to this compendium. InfolTTli1lion on variances may become dated rapidly. Thus. 
users should contact the regional EPA RPM for full dela~s on current regional practices and requirements. 

15.8.8 Information Sources 

Sax. N.I .. Dangerous Pro~'Tia of IndusrrioJ Ma.u:riGL 6th ed. New Yori<: Van Nostrand Reinhold Co. 
1984 

CH2M HILL Field Surveillance Equipment. 1984. 



15.9 PERSONAL SAMPUNG PUMPS 

15.9.1 Scope and Purpose 

This subsection provides general guidance regarding the plans for, method of selection. and use of 
personal sampling pumps for field Investigations of haZardous waste sites. 

15.9.2 Definition 

Personal Sample 
An air sample that Is collected by a device wom on the worker; the device measures actual ex­
posure during the work routine. 

15.9.3 Applicability 

This subsection discusses the use of sampling pumps for personal monitoring purposes. These 
guidelines are based on the objective of determining the potential exposure to a worker of air con­
taminants. Subsection 1 1.6 contains information on area sampling of ambient air. 

15.9.4 Responsibilities 

Field personnel must be adequately trained In the operation of personal sampling pumps. Refresher 
courses should be Obligatory f1\Iery 6 months. Courses are offered by the manufacturer. various commer­
cial entities. and by EPA at their CIncinnati, Ohio, and Edison. New Jersey, facilities. 

, 5.9.5 Records 

Training records. maintenance records, and calibration records must be generated and maintained by 
the responsible organization. SpecifiC records of field use should be noted in field notebooks as suggested 
in Sections 6 and 17. 

15.9.5 Procedures 

15.9.S.1 Preliminary Consideration. 

The planning. selection, and implementation of any monitoring program using personal sampling 
pumps require clear1y defined objectives. The following considerations must be examined to define what 
the user wants to measure: 

• Worker exposure versus ambient air 

• Long-term (8 hours) versus acute (momentary releases) exposure 
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• Vapors versus particulates 

The sampling pump that Is selected must also be lightweight, portable, and not affected by motion 01' 

position. 

15.9.8.2 Description and Application 

Personal sampling pumps come In various models. Several models offered by MSA Include the 
Monitaire Samplers; Models S and TO; Model C-210 Portable Pump; and the F"oct-Flo Pump, Model 1. All 
these models consist of a compact pump that may be clipped to the worker's belt or carried In a shirt pock­
et so that continuous air sampling can be made. A sampling head containing the sorbent tube, filter, or 
other collection medium Is clipped to the lapel of the worker as close to the breathing zone as possible. 

The contamlnant(s) of Interest wUl determine the type of collection medium used with the pump. Or­
ganic and inorganic vapors, as weU as particulate in the breathing zone of the worker, may be measured. 

MSA Colorimetric Detector Tubes are available fOf' measuring toxic concentrations of ammonia, carbon 
dioxide, carbon monoxide, chlorine, hydrogen chloride, hydrogen cyanide, hydrogen sulfide, mercury 
vapor, nitrogen dioxide, ozone, sulfur dioxide. 

Charcoal sampling tubes are also available to provide efficient collection of organic and mercury 
vapors for subsequent analysis using laboratory instrumentation. 

The organic vapor tube will collect compounds such as benzene, carbon tetrachloride. chloroform. 
dioxane, ethylene dichloride. trichloroethylene, and xylene. The mercury vapor sampling tube coHec:'.s 
both elemental and chemically bound mercury vapors, plus particulates containing mercury. 

All the above-mentioned MSA sampling pumps are rechargeable banery-operated dlaphragm pump 
Flowrates may be adjusted on all models. 

As general guidance, the following procedures should be followed when using personal sampling 
pumps: 

1. Fully charge the pump. 

2. Calibrate the pump. 

3. Make sure assembly does not leak by assembling the unit, covering the inlet to the ~m· 
piing device, and drawing a vacuum on the assembly. 

4. If no leaks occur. the sampler is ready for use. 

ManufaC1urer's instructions should be followed for more complete guidance on using a specific model. 

Certain information should be recorded in a field notebook when a personal sampling pump is used. 
This may include. but not be limrted to the following: 

• Date 

• Name 
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• Site 

• Pump number 

• Type of sample 

• Time sampler staMed 

• Time sampler tumed off 

• F10wrate 

• Weather conditions 

15.9.7 Region-Specific Variances 

No region-specific variances have been identified; however, all future variances will be incorporated in 
subsequent revisions to this compendium. Information on variances may become dated rapidly. Thus. 
users should contact the regional EPA RPM for full detans on current regional practices and requirements. 

15.9.8 Information Sources 

MSA Saf~ty Equipmml CIJuJ.log. 600 Penn Center BouJ~. PtnsburQh. Pennsytvania 15235. 

CraJley and Cralley. Party's I~ Hygi~ne an.d Tarico~, VoiuIM Ill. , 979. 

U.S. Steel Corporation. Environmental Health Services. Environmental H~a/th Monitoring Manual. 
1973. 

15.10 OTHER MONITORING DEVICES 

15.10.1 Electrochemical Gas Detector 

There are many manufacturers of gas detector monitors that use electrochemical cells for detection of 
toxic inorganic gases. Many of these detectors are mixed oxlde semiconductors (MOS) of a proprietary 
design, although many are of a galvanic cell type, as previously described for the MSA oxygen indicator, 
but specific to the analyt gas. 

Typically, one manufacturer may provide a monitor with one or more replaceable cells. In certain in­
stances, MOS cells for different gases can be interchanged in the same monitor. Electrochemical gas 
detectors are quite compact. are battery operated, have lower explosive detection (LED) readouts, and 
have audio alarms for present concentrations. 

The Monitor Compur 4'00 Is an example of the MOS-based electrochemical gas detection system. 
The monitor offers MOS cells for hydrogen sulfide (H2S), hydrogen cyanide (HCN), nitrogen dioxide (N02), 
and phosgene (COC2). 
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The monitor system is designed in particular to monitor and alert the user when threshold limit values 
(TLV) are exceeded as follows: 

10 ppm 
10 ppm 
5 ppm 
0.1 ppm 

Of greatest consequence many times to site Investigations are phosgene and hydrogen cyanide. 
Electrochemical gas detection such as the monitox system offers a real·time measure of phosgene and 
hydrogen cyanide. Neither of these chemicals has wamlng properties O.e., odor, taste) at TLV levels. 

15.10.1.1 Umitatlons and Precaution. 

-
• Cross sensltMty to other gases can trigger false alarms. 

• Chemical filter (activated charcoal) for the C002 cell needs to change frequently if monitoring is in 
the presence of H25, Ha, and CL2. 

• High concentration of analyt gas, typically 100 times the TLY, can irreparably change the sensor 
cell. 

• Sensor cells must be protected from excessive moisture and dust-laclen air. 

• Service life of sensor cells is typically 6 months during normal use. 

15.10.2 Passive Dosimeters 

The use of passive dosimeters or gas badges is a recent development in sampling. No energy or ac­
tion is required to take the sample. Currently badges are ava~able to sample from 15 minutes to 8 hours. 
These badges can be used for sampling organic vapors,~ehyde. mercury vapor, ammonia, sulphur 
dioxide, and nitrogen dioxide. 

Most passive dosimeters worle on the principle of d~. Gases and vapors enter the monitor by dif­
fusion and are absorbed by a sornent medium in the interior of the badge. The amount of gas or vapor ad­
sorbed is determined by expo sure time and concentration present in the monitored environment. A 
measured volume of an eluent is added to the monitor to desorn and dlssotve the contaminants. An ali· 
quot of the eluent solution is then analyzed by analytical procedure speciflc to the contaminant. The 
weight of the contaminant is used in conjunction with the diffusion constant, as determined by the badc;e 
manufacturer, to calculate the time-weighted average worleer exposure. 

15.10.3 Mlniram Monitor 

The MINIRAM (Miniature ReaI·Time Aerosol Monitor) is a compact. personal size. airborne particulate 
monitor whose operating principle is based on the detection of scattered (nephelometric pnnciple) 
electromagnetic radiation in the near infrared. The radlatJon scattered by airbome partides passing freely 
through the open sensing chamber of the monitor is sensed by a photovottaic detector. An optical inter­
ference filter screens out light whose wavelength differs from the narrow·band pulsed source. Aerosol can· 
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centration is displayed as milligrams per cubic meter every , 0 seconds. The readings are stored and in· 
tegrated to provide time-weighted averages. 

Calibration of the monitor Is performed by the factory against a fdter gravimetric reference. The MINI· 
RAM has application to measuring an forms of aerosols: dusts. fumes. smokes. fogs. etc. The MINIRAM is 
unique in that It provides real-tIme sem~ntftatJve measurements of aerosol concentrations. unlike filtra· 
tlon·gravimetric methods. which require both time and laboratory faCilities to complete. 

The MINIRAM has particular application In monitoring ambient air for toxic aerosols or toxic elements 
associated or transported by aerosols. 
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TECHNICAL MEMORANDUM 

TITLE: IN-SITU HYDRAULIC CONDUCTIVITY TEST 

PREPARED BY: R. Michael Nugent 

DATE: July 1989 

PURPOSE: The purpose of this technical memorandum is to provide technical 
guidance pertaining to slug tests. These procedures are intended to 
establish baseline practices to assist Technical Directors and Site 
Managers in preparing and implementing site-specific workplans. The 
procedures as presented are not to be construed as a rigorous standard 
and slight deviations are anticipated based upon site conditions. 

SCOPE: Slug tests are a quick and inexpensive means to estimate the hydraulic 
conductivity (K) of many aquifers. Slug tests generally work in 
aquifers where K is less than or equal to 10-3 em/sec. In aquifers 
with a greater hydraulic conductivity, the water level may return to 
static level prior to obtaining sufficient time versus head readings. 
Slug tests are generally a reliable field method to determIne 
hydraulic conductivity in the range of 10-4 to 10-7 em/sec. 

The advantages of using slug test to estimate hydraulic conductivities are: 

(1) Estimates are made in situ and errors incurred in laboratory testing 
of small or disturbed overburden samples are avoided. 

(2) Tests are performed quickly at a relatively low costs in that a 
pumping well and observation wells are not required. 

(3) The hydraulic conductivity of dis~te portions of an aquifer can be 
made. 

(4) Treatment and disposal of contaminated groundwater as with a pumping 
test is not a consideration. 

However, there are disadvantages in using slug tests which are to be considered. 
These include: 

(1) Only the hydraulic conductivity of the aquifer in the immediate 
vicinity of the well is estimated. This estimate, by itself, may not 
be representative of the aquifer in toto. 

(2) Often only a range of hydraulic conductivity values rather than an 
average estimate can be deduced from test results. 

(3) 
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Certain assumptions are made in the analysis process. 
test conditions do not approximate the assumptions, 
results may be erroneous. 
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(4) The aquifer storage coefficient, S, cannot be determined under most 
conditions. 

(5) As noted previously, there exists constraints in the applicable range 
for aquifer K values. Beyond these limits the test procedure is 
either invalid (i.e., K < 10-7 cm/sec) or data is difficult to obtain 
(i.e., K > 10-3 cm/sec). 

DEFINITIONS: 
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Hydraulic Conductivity (K) - A quantitative measure of the ability of 
porous material to transmit water. Hydraulic conductivity is depended 
upon properties of the medium and fluid. Also referred to as 
"permeability" . 

Transmissivity (T) - A quantitative measure of the ability of an 
aquifer to transmit water. The product of the hydraulic conductivity 
multiplied by the aquifer's saturated thickness. 

Slug-Test - A rising head or falling head test. A slug test consists 
of adding a slug (of water or a solid cylinder) of known volume to the 
boring or well to be tested or removing a known volume and measuring 
the rate of recovery of water level inside the well. The slug of 
known volume acts to raise or lower the water level in the well. 

Rising-Head Test - A test used in an individual borehole or well 
within the saturated zone to estimate the hydraulic conductivity of 
the surrounding formation by lowering the water level in the boring or 
well and measuring the rate of recovery of the water level. The water 
level may be lowered by pumping or bailing. Also known as a bail 
test. 

Falling-Head Test - A test used in an individual borehole or well to 
estimate the hydraulic conducti~y of the surrounding formation by 
raising the water level in the boring or well and measuring the rate 
of drop in the water level. A constant head test is a variation of 
the falling head test in which water is constantly added to borehole 
or well to be tested, and the flow rate required to maintain hydraulic 
head at a constant level above the static water level is measured. 

Packer Test - A hydraulic conductivity test using inflatable packers 
to isolate a discrete zone within the borehole for testing purposes. 

Packer - A sealing device installed in a well or borehole which 
isolates intervals within the boring or well for testing purposes. 
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EQUIPMENT: 

(1) Electric water-level indicator 
(2) Solid or ballast filled "slug" cylinders of 4-inch, 3-inch, and 2-inch 

diameter each 4 or 5 feet in length. 
(3) Single-strand stainless steel on PTFE (teflon) coated line to lower or 

raise slug 
(4) Ten psi, 15 psi, or 25 psi pressure transducer with appropriate length 

of cable 
(5) Data logger for recording pressure (head) changes from transducer 
(6) Field notebook 
(7) Pen 
(8) Five-foot folding, engineer rule 
(9) Duct or electrical tape 

PROCEDURE: 
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The test consists of measuring the rate at which the water level 
within the monitoring well declines after a known volume (slug) is 
"instantaneously" introduced or the rate at which the water level 
rises after the slug is removed. 

Prior to initiating the test, the following information is to. be 
recorded in the field notebook. 

Test procedure (reference this technical memorandum) plus any 
deviations from the test procedure; 

Serial number, pressure range, and voltage output range of pressure 
transducer; 

Well or borehole identification code; 

Location and elevation of measuring (reference) point at which depth 
to water level measurements are maae; 

Date and time of test; 

Well depth, screen length, screen slot size, riser pipe inside radius, 
well screen inside radius, sand/gravel pack size ranges and borehole 
radius; 

Aquifer or groundwater zone being tested; 

Slug volume; 

Type of measuring device used; and 

Names of personnel conducting slug test 
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CONDUCTING THE SLUG TEST: 

1. Water level indicator, transducer and cable, and the slug will be 
cleaned using a nonphosphate detergent wash and a distilled water 
rinse followed by a pesticide grade isopropanol rinse and allowed to 
air dry. Prior to use, the equipment shall undergo a distilled water 
rinse. Water level indicator probe shall be cleaned after each use. 

2. Wells will be opened, allowed to equilibrate, and depth to water level 
measured and recorded. 

3. A slug will be selected based on well diameter and a line attached. 
The line will be marked at a distance from the bottom of the slug 
equal to the measured depth to water level plus the length of the 
slug. 

4. The transducer will be lowered into the well to a depth of 10 feet 
below the static water level or as close to this depth as allowed by 
well/water level configuration. (Note: Pressure transducer must lie 
at least 2 feet below the depth of the slug to dampen pressure waves 
and must be at least 1 foot above the bottom or sump section of the 
well to prevent silting.) Tape the pressure transducer to the well 
casing to fix the depth of the transducer in the well. 

5. The following is specific to operation of the Model EL-200 data 
logger. 
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(a) 

(b) 
(c) 
(d) 

Function BO - Enter a two digit station ID number (00-99) and 
press <E> (Enter). 
Function Bl - Enter the date in format YY/MM/DD and press <E>. 
Function B2 - Enter time in format HH:MM:SS and press <E> 
Function B4 - Press <E> until appropriate pressure transducer 
channel is reached and e~er appropriate scale factor for 
transducer. Press <E> and then <F>. 

Analog Channel Scale Factors (s/f) 

S/F 0% 100% 1 LSB Remarks 

000 Channel is off. 
001 0.000 2.307 .001 Input in psi 
002 0.000 4.61 .01 Scaled output (ft) 
005 0.000 11.53 .01 
010 0.000 23.07 .01 
015 0.000 34.60 .01 
025 0.00 57.67 .01 
050 0.00 115.3 .1 
100 0.00 230.7 .1 
250 0.00 576,700 .1 
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(e) Function B6 - Check probe calibration by ra1s1ng transducer in 
0.5 foot intervals. Record depth to probe (below water surface) 
and displayed values. 

(f) Function A3 - Places data logger in SILOG II status. 
(g) Function 5 - Editing SILOG II Segments. 
(h) Press 01200001 then <E> - will result in readings being taken at 

1 second intervals (01200001) for 120 seconds (01200001). 
(i) Press 00360005 then <E> will result in readings being taken at 5 

second intervals for the next 3 minutes (1. e., 36 5 - second 
intervals) . 

(j) Press <F> to exit editing mode 

6. Lower the slug until the static water level is reached and then raise 
slug slightly above this mark. Secure slug line to well casing 
leaving sufficient slack so that slug can be completely submerged when 
test begins. 

7. Press <3> then <B> to start data logger and after 5 seconds lower slug 
into water. Slug must be lowered into water as quickly as possible. 
However do not allow slug to drop into the water but glide it in. 
This will prevent compression waves and faulty readings during the 
initial part of the test. 

8. Press any key and then <B6> to display pressure head readings. 

9. Upon termination of the test and the return of the water level to 
static conditions, press <A3>, <3>, <B> then wait 5 seconds, and 
remove slug. This begins the rising head portion of the test. 

10. Press any key and then <B6> to display pressure head readings. 
Terminate test when pressure head reading indicates 90 to 100 percent 
recovery. 

11. Press any key and then <AC> to power down. Remove power cord. 

12. Decontaminate slug, pressure transducer, and slug line as outlined in 
Step 1. 

NOTE: (A) For situations where static water level is within screen 
interval, only perform the rising head portion of the 
test. 

(B) RAM only holds 12,000 data points. 

DATA ANALYSIS: 
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The analysis of slug test data is based on the modification of well 
known groundwater flow equations (either the Theis equation, the Theim 
equation, or subsequent modification). Several authors have presented 
analytical solutions for the analysis of slug test data. Most 
solutions require a semi-logarithmic plot of the data collected: 
dimensionless head (logarithmic scale) or residual head (logarithmic 
scale) versus time (arithmetic scale). 
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Hvorslev (1951) was one of the first researchers to publish techniques 
of analysis of either constant or slug (falling head) tests in near­
surface saturated soils. His analysis of slug tests involves a semi­
logarithmic plot of the falling head (or water level) divided by the 
initial head against time. Basic algebraic equations are presented 
for different configurations of the soil relative to the test hole. 
In general, the permeability is proportional to a "shape factor" and 
inversely proportional to a "time lag." The "shape factor" is 
determined from the test well characteristics or dimensions. "Time 
lag" is determined from the semi-logarithmic plot. 

Cooper et al. (1967) and Papadopulos et al. (1973) developed a set of 
type curves for analyzing slug test data, particularly for tests run 
in materials which are confined (under artesian pressure). The field 
data are plotted as dimensionless head (arithmetic scale) versus time 
(logarithmic scale) and matched to a set of type curves. The match 
point values are substituted into simple algebraic formulations to 
obtain a value for K. 

Bouwer and Rice (1976) and Bouwer (1978) developed a technique for 
analyzing slug test data collected from completely or partially 
penetrating wells in unconfined aquifers. Their analysis involves a 
plot of residual head (logarithmic scale) versus time (arithmetic 
scale). A straight line is applied to the early-time data and used to 
calculate a value for K. 

Pressurized slug test methods have been developed for testing 
extremely low hydraulic conductivity (10- 6 cm/sec or lower) materials 
(Bredehoeft and Papadopulos, 1980). Basically, the pressurized slug 
technique is a modification of the conventional slug test previously 
discussed. The advantage of the pressurized slug technique is the 
reduction of time required to perform a test in tight formations. 
This method involves creating an instantaneous pressure surge on 
drawdown in the test zone, then closing a valve to shut in the well. 
Based on the rate of decay of the pnessure slug and the geometry of 
the test zone, the transmissivity, hydraulic conductivity, and 
storativity may be calculated. 
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APPENDIX D 

ALTERNATE WELL CASING MATERIAL JUSTIFICATION 





Southern Division Naval Facilities Engineering Command (SOUTHNAVFACENGCOM) is 
committed to using only the most reliable methods to obtain the data used in its 
investigations. Therefore, SOUTHNAVFACENGCOM recommends the use of well casings 
made of Polyvinyl chloride (PVC) material for monitoring wells installed at NAS 
Cecil Field. After reviewing the literature, SOUTHNAVFACENGCOM has concluded 
that PVC is a superior well casing material when monitoring a plume consisting 
of both metals and organics. Attached are two recent publication supportive of 
SOUTHNAVFACENGCOM's position: "Influence of Casing Materials on. Trace-Level 
Chemicals in Well Water" (Parker, 1990) and "Leaching of metal pollutants from 
four well casing used for ground-water monitoring" (Hewitt, 1989). 

SOUTHNAVFACENGCOM requests USEPA consider the following information as required 
in the "Alternate Well Casing Material Justification" form. 

1. The Data Quality Objectives (DQO) for the samples to be collected from 
wells with PVC casing per EPA/540/G-87/003., "Data Quality Objectives for 
Remedial Response Activities." 

Response: The DQOs for the remedial investigation (RI) at Cecil Field are to 
provide information of sufficient quality to support risk assessment and 
feasibility study conclusions. The quality assurance and quality control (QA/QC) 
procedures are specified in the Sampling and Analysis Plan (SAP). Sample 
collection and accompanying QA/QC procedures are designed to meet USEPA level 4 
criteria. 

2. The anticipated compounds and their concentration range. 

Response: The following is a list of the contaminants that exceeded an existing 
maximum contaminant level (MCL) and the highest contaminant concentration 
detected: Lead at 385 ug/l, Chromium at 425 ug/l, benzene at 4 ug/l, Trichloreth­
ylene at 400 ug/l, and l,l-Dichloroethane at 210 ug/l. 

3. The anticipated residence time of the sample in the well and the aquifer's 
productivity. 

Response: Each well will be purged immediately before the sample is collected. 
The anticipated residence time of the water prior to sampling should be less than 
twenty minutes. The surficial aquifer is estimated to have a transmissivity 
range of 0.05 to 3.93 m2/day. 

4. The reason for not using a hybrid well. 

Response: SOUTHNAVFACENGCOM feels that PVC is the preferred material when 
sampling mixed waste plumes. Stainless steel may absorb or adsorb heavy metals 
such as lead, chromium and arsenic. Also, the cutting oils used in the 
manufacturing of stainless-steel riser and screen are difficult to remove. These 
oils, if not completely removed by the decontamination cleaning, may contaminate 
the well. Hybrid wells introduce additional problems, such as, the junction is 
usually a weak point subject to breakage or is a place for down-hole equipment 
to become ensnared. 
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5. Literature on adsorption/desorption characteristics of the compounds and 
elements of interest for the type of PVC to be used. 

Response: Two reprints are attached that evaluate the sorptive characteristics 
of stainless steel and PVC. The study tilted "Influence of Casing Materials on 
Trace-level Chemicals in Well Water" (Parker, 1990), evaluated all the chemicals 
of concern identified in previous Cecil Field studies except benzene and 1,1-
dich1oroethane. 

6. If an anticipated increase in thickness of the wall thickness will require 
a larger annular space. 

Response: No change in the annular space is required. 

7. The type of PVC to be used and if available the manufacturers specifica­
tions. And an assurance that the PVC to be used does not leach, mask, 
react or otherwise interfere with the contaminants being monitored within 
the limits of the DQO(s). 

Response: The PVC will comply with American Society of Testing and Materials 
(ASTM) F480 and D1785. 

SOUTHNAVFACENGCOM strongly believes that the quality of data obtained by using· 
PVC well construction materials will be equal to or an improvement over the use 
of stainless steel as a general purpose well construction material. 
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DEPARTMENT OF THE ARMY 
COLD REGIONS RESEARCH AND ENGINEERING LABORATORY, CORPS OF ENGINEERS 

HANOVER, NEW HAMPSHIRE 03755-1290 
February 25, 1991 

Applied Research Branch 

Ms. Peggy Lane 
ABB Environmental Services 
2571 Executive Center Circle, East 
Suite 100 
Tallahassee, Florida 32301 

Dear Ms. Lane: 

I have enclosed a copy of our journal article that compares the 
sorption of organics and metals by four well casing materials (PVC, PFTE, 
and stainless steel types 304 and 316). I have also included a more recent 
study that compares the leaching of metals from these materials; this study 
was conducted by Alan Hewitt. It is our opinion that since you are 
monitoring for both VOC's and metals that PVC is the best material to use in 
your monitoring wells, provided that you do not anticipate encountering an 
undiluted solvent of PVC. Stainless steel is not a good casing material to 
use when monitoring for metals. Also, stainless steel should not be placed 
in any environment that is corrosive. "The Handbook of Suggested Practices 
for the Design and Installation of Ground-Yater Monitoring Yells," by Linda 
Aller et al. (1989, published by the National Yater Yell Association, 
Dublin, Ohio) has an excellent discussion on corrosion of steel products. 

If you would like any additional questions answered, please do not 
hesitate to call me at 603-646-4393. Alan Hewitt can answer any questions 
on our metals studies. He can be reached ~ 603-646-4388. 

~~ fl3 91 i~ 19 
I hope you find this material useful. 

2 enclosures 

Sincerely, 

~~t2tkL 
Louise V. Parker 
Research Physical Scientist 
Applied Research Branch 
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