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QUALITY ASSURANCE PROJECT PLAN 
MOSS-AMERICAN 

PHASE I REMEDIAL INVESTIGATION/FEASIBILITY STUDY 
MILWAUKEE, WISCONSIN 

1.0 INTRODUCTION 

The United States Environmental Protection Agency {U.S. EPA) 
requires participation of all U.S. EPA contractors in a cen­
trally managed quality assurance {QA) program. This require­
ment applies to all environmental monitoring and measurement 
efforts mandated or supported by U.S. EPA. 

Each contractor generating data has the responsibility to 
implement minimum procedures to assure that the precision, 
accuracy, completeness and representativeness of its data 
are known and documented. To ensure the responsibility is 
met uniformly, each U.S. EPA contractor must prepare a writ­
ten Quality Assurance Project Plan {QAPP) covering each pro­
ject it is contracted to perform. 

This QAPP presents the organization, objectives, functional 
activities and specific QA and quality control {QC) activi­
ties associated with the Remedial Investigation/Feasibility 
Study (RI/FS) a.t the Moss-American site near Milwaukee, 
Wisconsin. This QAPP is designed to achieve the specific 

·data quality goals of the RI/FS. 

2.0 PROJECT DESCRIPTION 

The Phase I remedial investigation (RI) portion of the RI/FS 
is designed to gather specific information necessary to deter­
mine if the site presents a hazard to human health or welfare 
or to the environment. All tasks and subtasks are directed 
toward accomplishment of these primary objectives. The 
Phase I RI will determine whether additional phases are 
needed to perform a feasibility study (FS). 

2.1 BACKGROUND 

The Moss-American superfund site is in the northwestern part 

• 

of the City of Milwaukee, one-quarter mile east of 107th Street 
(State Highway 100) on Brown Deer Road. It is located in 
the northwest 1/4 of Section 8, Township 8 North, Range 21 
East, which is covered by the Menomonee Falls, Wisconsin 
USGS 7½-minute quadrangle map (Figure 1). The 88 acre site 
is bounded by the Chicago and Northwestern Railroad and Brown 
Deer Road to the north, the Wisconsin and Southern Railroad 

· to the south, the west edge of the Chicago and Northwestern 
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Railroad automobile storage lot to the west, and a north­
south line approximately 3,500 feet east of 107th Street. 
The Little Menomonee River enters the site through the 
northern boundary and leaves through the eastern boundary. 

The site is the former location of Moss-American Co., Inc.,. 
a creosoting plant where railroad ties and other wood prod­
ucts were treated and stored. The wood preserving plant was 
established in 1921 by the T.J. Moss Tie Company. Kerr-McGee 
purchased the T.J. Moss facility in 1963 and the American 
Creosote Co. in 1964. The two companies were consolidated 
in 1965 and became known as the Moss-American Company. The 
name was changed to the Kerr-McGee Chemical Corporation-­
Forest Products Division in 1974. Operations at the site 
ceased in June 1976 and all buildings and equipment were 
subsequently dismantled and removed. 

A series of ditches collected spilled oil and creosote and 
rainwater and snow melt runoff. The ditches discharged dir­
ectly into the Little Menomonee River. Sometime before 1941, 
the ditch system was modified to include a series of settling 
ponds and an oil separator system. In 1952, the plant yard 
was resurfaced •. About 20 acres were covered with gravel and 
were used to store untreated wood. Another 10 acres were 
covered with cinders and were used to store the treated wood 
products. Subsurface drain tiles under the newly surfaced 
yard emptied into an open ditch which eventually emptied 
into the Little Menomonee River. Bales of straw were added 
to the ditch as oil filters at the request of the City of 
Milwaukee in 1954. No major changes were made to the treat­
ment system until 1966 when the Milwaukee Sewerage Commis­
sion advised Moss-American to repair a pond that was leaking 
oil to the Little Menomonee River. 

The site received attention in 1968 when a dump upstream of 
the site burned out of control for over a year. Water poured 
on the fire caused the Little Menomonee River to become anae­
robic. Subsequent studies by EPA found that the effluent 
discharged to the river from.the Moss-American site was of 
undesirable quality. The City of Milwaukee ordered a cleanup 
and Moss-American complied by installing coke filters to 
pretreat the waste. In 1971, all the industrial and domestic 
wastes from the Moss-American facilities were diverted into 
the Milwaukee Metropolitan sewage system. 

State and national attention was brought to the site in 1971 
when a group of young people received chemical burns while 
cleaning debris from a stretch from the Little Menomonee 
River more than three miles downstream of the Moss-American 
site. Subsequent studies by EPA determined that. creosote 
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originating at the Moss-American facilities was the cause of 
the chemical burns. As a result of these findings Kerr-McGee 
dredged and backfilled eight interconnected waste ponds with 
clean fill. These were located in series along the drainage 
ditch in the vicinity of the largest of two mor,e recent ponds 
identified and shown in Figure 2. Additionally, 1,700 feet 
of river were dredged and the contaminated sediments removed 
and placed along the river embankment or in a small landfill 
in the northeast corner of the site as shown in Figure 2. 
An underground clay wall was constructed between the ponds 
and the river. 

In 1972, EPA awarded contracts to Rexnord, Inc. and Biotest, 
Inc. for demonstration test of removal and treatment of 
creosote-contaminated sediments from the river bottom. The 
Rexnord demonstration was conducted near the site. The other 
demonstration by Biotest was conducted on sediments 1½ miles 
downstream near Calumet Road (Figure 3). The Rexnord method 
was selected for continued use. About 4,000 feet of river 
bottom sediments extending south from the Chicago and North­
western Railroad bridge were cleaned before funding ran out. 

In 1974, EPA filed suit against Kerr-McGee, seeking recovery 
of costs incurred for the experimental projec~s and cleanup 
of the entire river as well as civil penalties. The suit 
was dropped as a result of falsification of data in one study 
by an EPA investigator. In 1978, Milwaukee County agreed to 
accept ownership of a portion of the site in return for 
dropping its lawsuit against Kerr-McGee. 

Currently, the western 23.3 acres of the site are owned by 
the Chicago and Northwestern Railroad and have been devel­
oped as an automobile storage and loading area. The remain­
ing 65 acres are owned by Milwaukee County and are used as a 
public park. 

Documented contaminants generated at the site include poly­
nuclear aromatic hydrocarbons (PAH's) and phenols present in 
creosote. Offsite, oily compounds, presumably derived from 
creosote and No. 6 fuel oil (also used for wood preservation), 
have been observed in the bed of the Little Menomonee River 
from the site to the confluence of the Menomonee River, approx­
imately 5.75 miles downstream (Helvig, 1975). Onsite, such 
compounds are suspected to exist in the soils of former pro­
cessing areas, drip tracks, treated railroad tie storage 
areas, waste ponds and effluent ditches, the sludge disposal 
area, and the dredgings landfill area as well as in the river 
bed. These potential contaminant source areas and other 
important site features are shown in Figure 2. 
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Analysis of onsite river bottom muds for hexane extractables 
(present in creosote and No. 6 fuel oil) in 1973 showed con­
centrations ranging from below detection limits to 43,480 mg/kg 
(Rexnord, 1973). The median sample concentration detected 
was 2,280 ug/kg. Onsite soils contained phenol in concentra­
tions ranging from 15 to 211 ug/kg, (Martin, 1977). Methy-­
lene chloride extractables (present in creosote and fuel 
oil) were found in concentrations that ranged from below 
detection limits to 279,000 ug/kg (NEIC, 1977). Detectable 
levels of contaminants were found in soils at depths to to 
15 feet below ground surface. 

Onsite soils were sampled by Marquette University in April 
1984 at the request of the Task Force on Pesticide and Herbi­
cide Use of Milwaukee County. Concentrations of methylene 
chloride extractables in the samples ranged from below detec­
tion limits to 481,000 mg/kg (letter from Clifford J. Crandall 
to Penny Podell, June 5, 1984). Results of these analyses 
are presented in Appendix A. 

Analysis of well samples by NEIC (1977) suggests that onsite 
groundwater is contaminated. Concentrations of methylene 
chloride extractables measured in 1977 ranged from below 
detection limit to 4,190 mg/1. Contamination may have 
resulted from creosote and fuel oil by-products being leached 
from the surface soils by infiltration of surface water or 
by direct contact between groundwater and contaminated soils. 

Surface water samples have been collected from the Little 
Menomonee River and analyzed for phenol (WDNR, 1969; Rexnord, 
1971; and USACE, 1971) and for oil and grease (Rexnord, 1971). 
Phenol concentrations as high as 4 mg/1 have been detected 
near the outfall from the Moss-American site. Trace amounts 
have been detected elsewhere downstream. Oil and grease 
concentrations as high as 11 mg/1 have been observed in sur­
face water samples downstream of the site. 

2.2 PROJECT OBJECTIVES 

The overall objective of the RI is to determine the nature 
and extent of the threat posed by the release or threat of 
release of hazardous substances and to evaluate proposed 
remedies. Before alternatives for remedial actions can be 
considered in·the FS, there must be sufficient information 
available to develop, screen, and evaluate potential alterna­
tives. With this in mind the following project objections 
have been identified for the Moss American Site: 
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Determine the nature and extent of creosote and 
oil contamination in onsite soil, groundwater, 
surface water and river sediment 

Identify and evaluate potential routes of contami­
nant release and migration. 

Determine if groundwater contamination has the 
potential to migrate offsite in deeper aquifer 
zones and affect water supplies. 

Determine the chemical nature of the groundwater 
and surface water to evaluate the feasibility of 
various treatment technologies. 

Determine soil properties on the site and in the 
river to evaluate physical and chemical parameters 
that may affect potential remediation technologies. 

Determine the nature of hydrogeologic units beneath 
the site to evaluate contaminant migration and 
physical and chemical parameters that may affect 
potential groundwater remediation, barrier, or 
containment technologies. 

Evaluation of existing data (Appendix A) from previoui inves­
tigations of the site and surrounding area indicates that 
the project objectives discussed above have not been satis­
fied. The last of several investigations of the Moss­
American site was completed in 1977. Since these investiga­
tions were completed, conditions have changed significantly 
onsite and in the river. River sediments have been trans­
ported and deposited, part of the site has been paved over 
or covered with new material, and new vegetation has grown 
over old storage, treatment, and disposal areas. 

Once the Phase I RI data have been obtained and evaluated in 
the· RI report and it is determined that no additional phases 
of remedial investigations are required, the following tasks 
will be performed as part of the feasibility study: 

0 

0 

Develop and evaluate remedial action alternatives. 

Recommend a cost-effective remedial action(s) for 
the site. 

2.3 DATA USES AND DATA NEEDS 

Consistent with the project objectives, sampling and analysis 
activities during the Phase I RI have been developed for the 
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purpose of characterizing the site (determining the horizontal 
and vertical extent of contamination), providing input to 
the risk assessment, and providing information for screening 
and evaluating remedial alternatives. Most of the data neces­
sary to meet the project objectives can be satisfied by per­
formance of a Phase I investig.ation program that incorporat~s 
endangerment, hydrogeologic, hydrologic and remedial techno­
logy data collection activities. Data will be required to: 

0 

0 

0 

0 

0 

Assess the nature and extent of groundwater, sur­
face water, soil, and sediment contamination to 
evaluate needs and limitations of removal, contain­
ment, and/or treatment technologies • 

Determine the contaminant loading to the Little 
Menomonee River from release through groundwater 
recharge or surface water routes. 

Assess the nature of the surface water regime to 
evaluate contaminant and sediment transport and 
physical and chemical parameters that may affect 
potential surface water and sediment remediation. 

Estimate the potential impact and risks to human 
health and the environment from the presence or 
release of creosote and oil from the site or river 
sediments. 

Define cost-effective remedial measures to reduce 
the risk or threat posed by the presence or release 
of contaminants onsite, away from the site or in 
river sediments. 

CH2M HILL will execute sampling and analysis activities as 
Phase I of the RI. The intended use of the data collected 
during the Phase I RI will be to: 

0 

0 

0 

0 

Perform a characterization and hydrogeologic_ assess­
ment of the site; 

Determine the level and volume of contaminated 
soil on site and sediment in the river; 

Evaluate the potential for endangerment to the 
public health, welfare, or environment; 

Perform additional screening of remedial alterna­
tives; and 
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Determine whether any additional phases of field 
investigation are needed to perform a FS. 

It is intended that sufficient data will be provided by the 
Phase I scope of work to proceed directly to the F.S. If 
insufficient data or unforeseen conditions warrant, a second 
phase of the RI may be necessary. 

2.4 DATA QUALITY OBJECTIVES 

The Data Quality Objectives (DQO's) to address the data needs 
and data uses for the Moss-American Phase I RI are: 

1. 

2. 

To define outer boundaries of creosote contamination in 
onsite soils and river sediment by semiquantitative and 
real-time field screening methods in a cost-effective 
and timely manner. 

To define relative creosote contaminant concentrations 
such that submittal of high concentration samples (as 
known to exist at the site) can be controlled to avoid 
instrument interference or failure, and such that sam­
ples later sent for analysis can be properly prepared 
and handled. 

3. To verify in a cost-effective manner that the screening 
method has identified contaminants of concern (creosote 
and fuel oil constituents). 

4. 

s. 

6. 

To quantitatively identify (in fewer, but statistically 
sufficient number of samples) constituents of the creo­
sote contamination for remedial needs, and to support 
the public health assessment. 

To analytically confirm and document for litigative 
purpose levels of creosote constituents present in site 
soil, river sediments and groundwater. 

To support selection of remedial alternatives in the 
FS. 

To meet these six DQO's the Work Plan proposes the use of 
analytical techniques in accordance with the analytical 
levels defined in "Data Quality Objectives for Remedial 
Response Action" (EPA 540/G-87/003A). To facilitate site 
characterization, Level I field screening techniques will be 
instituted; this method involves OVA/HNu analysis conducted 
by CH2M HILL. 
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Level II field screening techniques have been selected to 
satisfy DQO's 1 and 2 above. This method involves total 
carbon (TC) screening utilizing the U.S. EPA Close Support 
Laboratory (CSL) to handle the large number (600) of samples 
proposed. See Appendix B for a discussion of the 
methodology. 

To meet the DQO's 3 and 4 above, a Level III analytical 
method using gas chromatography with flame ionization detec­
tion (GC/FID) has been developed by CH2M HILL'S Montgomery 
Laboratory. The standard operating procedure and back-up 
data for this method is presented as Appendix C. 

Analytical confirmation methods to satisfy DQO's will require 
use of the Contract Laboratory Program (CLP) in accordance 
with Level.IV analytical support needs. 

Additional nonstandard or special analytical services (SAS) 
will be necessary to accomplish DQO No. 6. These analyses 
are considered Level V analytical support methods. 

3.0 RI TASKS 

3.1 PHASE I SUPPORT 

The following tasks are intended to provide support through­
out all phases of the RI: 

Task PM--Project Management. Project management activities 
will be handled through CH2M HILL's office in Milwaukee, 
Wisconsin. Contact will be maintained with the U.S. EPA 
Remedial Project Manager (RPM) during all phases of the 
project. 

Project management activities during Phase I will include 
preparation of monthly reports to keep the U.S. EPA informed 
of the technical, financial, and schedule status of the pro­
ject. Other responsibilities include controlling budgets 
and schedules; selecting, coordinating, and scheduling staff 
and subcontractors for task assignments; maintaining project 
quality control and assurance programs; and outlining the 
scope of work for a Phase. II RI ( if additional field in_ves­
tigative work is necessary) or the FS. 

Task FK--Field Work Support. Facilities for decontamination, 
equipment and sample storage, onsi te laboratory analyses a.nd 

. office space for all field personnel during the RI/FS will 
be established. Selection of storage, decontamination, on­
site laboratory, and office areas will be accomplished dur­
ing a site visit performed by CH2M HILL and EPA personnel. 
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Provisions for utility connections will also be made during 
this task. 

Other support work to be accomplished under this task will 
include implementation of the Site Safety Plan. 

Task QC--Quality Control. Periodic review of project files, 
project deliverables, field audits during the field activi­
ties, and project progress will be conducted by a review 
team throughout Phase I of the project. The team will con­
sist of up to four professionals from appropriate disciplines 
with experience related to the problems and investigations 
at the site. Project deliverables to be reviewed will include 
Technical Memoranda, Draft RI Report and Final RI Report. 

Task SM--Sample Management. The objecti~re of this task is 
to track and manage information received from laboratory 
analyses of samples. Laboratory space and time will be 
scheduled and analytical data will be tracked. 

Task FM--Field Work--Mapping and Surveying. Prior to initi­
ation of field sampling efforts, a site and river survey 
will be conducted, to inspect existing conditions in order 
to determine actual sampling locations. Figures 4 and 5 
show the approximate locations. Evaluations of the entire 
5-mile length of the Little Menomonee River adjacent to and 
downstream of the site will be included in the Phase I RI. 
Investigation of contamination within the Menomonee River 
downstream of the confluence with the Little Menomonee will 
be reserved for a second phase, if determined to be neces­
sary following Phase I. Because several years have passed 
since investigation of river sediment contamination, changes 
in sediment location and river channel configuration are 
expected. 

The river surveying and mapping will include~ 

0 Reconnaissance from 500 feet upstream of the site 
downstream to the Menomonee River to determine 
variations in stream channel configuration and 
delineation of stream segments based on width and 
depth of channel, channel and bank alignment 
{straightness), degradational and aggradational 
zones. This will be accomplished using measuring 
tapes, sounding rods and probes. Observations 
will be logged and plotted on 1"=400' photos aerial 
obtained from the Southeast Wisconsin Regional 
Planning Commission. 
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Delineation of potential dredge disposal areas 
along the river embankment will be made by compari­
son of field observations to aerial photographs. 

Identification of other major discharge points to 
the river downstream· of the site, including storm_ 
sewers, combined sewers and surface runoff courses. 

Channel profiling of 26 typical sections based on 
results of stream characterization. 

Development of river sediment and surface water 
sampling locations based on review of typical 
stream segment configurations observed. Points 
will be established to provide cover of aggrada­
tional as well as degradational sediment zones,. 
and immediately above and below major discharge 
points. 

To establish initial sampling locations on the site, a more 
detailed evaluation and inspection of the site will be made. 
The site surveying and mapping wil_l include: 

3.2 

0 Comparison of previous air photos, county planning 
topographic surveys and topographic surveys obtained 
during the Interim Authorization phase will be 
made to evaluate changes to the site since its 
last evaluation. 

o Inspection of the site using a hand auger and shovel 
to visibly evaluate surface soil conditions up to 
a depth of 2 feet within areas of suspected contam­
ination. 

o Surveying the site, staking 100-foot grid points 
to mark potential surface soil sampling locations. 

SOIL AND SEDIMENT SCREENING 

Because of the large number of samples necessary to define 
the, level and extent of oil and creosote, a two-stepped 
approach will be made to conduct screening and analysis of 
contaminated soil onsite and sediment in the river. Tasks 
wi·ll· be designated as G (grourid) for onsi te soil sampling, 
and S (sediment) for river sediment sampling. The two steps 
will be designated by (1) for initial sampling; and, (2) for 
confirmatory (detailed) analysis. Details of each Task Gl 
and G2 and Sl and S2 are presented below. Initial screening, 
pased on two analytical methods developed by CH2M HILL labora­
tories, will provide for gross identification of the quantity 
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of creosote and oils distributed on the site and in the river. 
Confirmatory analyses by the U.S. EPA Contract Laboratory 
Program (CLP) using GC/MS techniques will provide confirma­
tion of contaminant identification and levels for litigative 
purposes, and endangerment ass~ssment. Additional parameters 
tested for during confirmatory analyses will support evalu-. 
ation of remedial alternatives. 

Total Carbons (TC) Screening Analyses 

The first analytical method selected for initial screening 
is intended to analyze a large number of samples quickly and 
cost-effectively in the field. Total carbon (TC) analysis 
according to the procedure given in Appendix B will be 
performed on approximately 600 total surface soil, sub­
surface soil, and sediment samples. This analysis is con­
sidered to be a Level II analytical method as defined by 
U.S. EPA's DQO's. 

The TC analysis will be performed at the Moss-American site 
by the U.S. EPA-owned Close Support Laboratory (CSL). The 
purpose of using the mobile laboratory for in-field TC 
screening is to expedite the analyses and direct sample col­
lection activities. Proposed surface soil and sediment sample 
locations may be modified based on the results of the TC 
analyses. CH2M HILL will be responsible for the management 
and operati~n of the CSL. 

Gas Chromatography With Flame Ionization Detection (GC/FID) 
Analysis 

The second analytical method selected for the initial screen­
ing (Task Gland Sl) of soil and sediment samples uses capi­
llary gas chromatography with flame ionization detection 
(GC/FID). The standard operating ·procedure (SOP) for the 
GC/FID analysis is given in Appendix C. The GC/FID data 
will be used for the purpose of screening samples, that is, 
analytically looking for compounds that are indicators of 
contamination at the Moss-American site, in accordance 
U.S. EPA DQO's for Level III analytical methods. The indi­
cator compounds selected (Appendix C) are polynuclear aro­
matic hydrocarbon and phenolic compounds which are common 
constituents of creosote and have been previously detected 
at this site. The GC/FID screening results will yield quan­
titative concentrations to verify the TC screening and fur­
ther define the boundaries and nature of contamination. 
These results will also be used in determining the locations 
of samples to ·be selected for qualitative analyses by 
U.S. EPA CLP protocols. A total of approximately 120 sur­
face soil and sediment samples will be analyzed using this 
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method. The GC/FID analyses will be performed by the 
CH2M HILL Montgomery laboratory where this soil/sediment 
screening method was developed and tested using selected 
soil samples from the Moss-American site. 

Task Gl--Initial Soil Screening. Utilizing a modified 100-. 
foot grid based on apparent past site activities and detailed 
site inspection (see Figure 4 for proposed grid), a first 
round of sampling will be initiated within the grid on a 
200-foot spacing. Soil samples will be obtained using a 
trailer-mounted drill rig and split-spoon soil sampler. 
Continuous split~spoon samples will be obtained to a depth 
of 4 feet. Samples will be scanned with an organic vapor 
analyzer (OVA) and photoionization detector (HNu) and des­
criptions of the samples logged. The OVA and HNu readings 
will be recorded and used to evaluate the potential for air 
transport of volatile contaminants. 

Based on the results of HNu, OVA readings, and the visual 
observations of soil samples obtained at each grid point, a 
portion of the sample from each location (approximately 
118 points) will be selected for analytical screening using 
the CSL and TC method. Results of these first 118 samples 
will be evaluated and utilized to modify the locations of a 
second round of sampling of another 118 points on a closer 
(100-foot) grid spacing. A total of approximately 236 points 
are to be screened using the TC method. The unused portion 
of each split spoon sample will be containerized, labeled, 
and stored for future analysis using more sophisticated pro­
cedures. These samples will be stored in a refrigerator 
located onsite in a secure area for the duration of the 
Phase I investigation. 

As indicated in Figure 4, approximately 190 of the 236 sample 
locations are planned within areas of apparent disposal, 
spillage and processing. The other 46 sample locations will 
be selected to test for the presence of contamination in 
unknown or unsuspected processing areas. In addition, seven 
sample locations will be identified to measure levels in the 
active railroad beds, and 7 to measure offsite background 
levels, for a total of approximately 250 surface soil sample 
locations. · 

Samples obtained from beneath the parking areas of the rail­
road's automobile storage facility may require coring and 
patching, to allow penetration by the split-spoon sampler 
and prevent contamination of underlying soils with asphalt. 

The results of the TC screening will be fully evaluated 
within 2 weeks after the completion of the field sampling. 
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This data will be used to select 60 surface soil samples to 
be taken from onsite storage and sent to the CH2M HILL 
Montgomery laboratory for GC/FID analysis. 

Task Sl--Initial Sediment Screening. Sediment.samples will 
be obtained at and along profiled cross sections on the river. 
It is estimated that 26 such sections will be required for· 
initial characterization and quantification of river sediment-· 
ation. As shown on Figure 5, general distribution of cross 
sections will be at approximately 1,200~foot stations, with 
modifications made based on the survey efforts of Task FM. 
Six samples will be taken from three locations at each sec­
tion, for a subtotal of 156 samples. Three samples will be 
collected at a sediment depth of Oto 1 foot, and three sam­
ples will be collected at a 1- to 2-foot depth. As in 
Task Gl, samples will be scanned with an organic vapor anal­
yzer (OVA) and photoionization detector (HNu) and descrip­
tions of the samples logged. The OVA and HNu readings will 
be recorded and used to evaluate the potential for water 
transport of volatile contaminants. Visual descriptions and 
location of samples will be logged for use in quantifying 
the visibly identified free product (oils). Sediment samples 
will be submitted to the CSL for analysis by TC methods. 

' 
After these 156 samples have been collected and screened, 
the data will be evaluated. An additional 76 channel samples 
may be collected from sampling locations planned at 300-foot 
stations. Another 25 sampling locations will be selected 
for sampling river dredgings, floodplain deposits, and back­
ground locations upstream; the final locations to be based 
on field surveys and the initial TC results. The total number 
of sediment samples for TC screening is approximately 257. 

The remaining portion of the sediment samples collected will 
be labeled and stored onsite in a refrigerator for future 
analysis. Upon completion of the TC screening and review of 
the results, approximately 60 unused portions of the sedi­
ment samples will be selected for GC/FID analysis by the 
CH2M HILL Montgomery laboratory. 

Task G2--Confirmatory Soil Analyses. Upon completion of 
Task Gl, and following review of the data, a field sampling 
team will return to the site to collect 16 additional sur­
face soil samples. A minimum 10 onsite soil samples will be 
collected from selected areas representative of the most 
contaminated soil (based on GC/FID results). Six apparent 
background or noncontaminated samples will also be collected. 
These 16 samples will be submitted to the CLP for .full scans 
of organic compounds, metals, and cyanide. To facilitate 
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evaluation of remedial alternatives in the Feasibility Study, 
additional analyses will include: carbon, hydrogen, sulfur, 
oxygen, nitrogen, moisture content, ash content, volatile 
matter, fixed carbon, total organic carbon (TOC), water sol­
uble chlorides, heating value,.flash point, and pH. At the 
request of the State of Wisconsin, soil samples will also be 
analyzed for dioxin (all isomers). 

Task S2--Confirmatory Sediment Analyses. Similar to Task G2, 
a field sampling team will return to the site to collect 
10 sediment samples and 6 background samples following 
Task Sl for submittal to the CLP for detailed analyses 
including full scans of: organic compounds, metals, and 
cyanide. The following parameter will also be analyzed to 
support the selection of remedial alternatives in the FS: 
carbon, hydrogen, sulfur, oxygen, nitrogen, moisture con­
tent, ash content, volatile matter, fixed carbon, TOC, water 
soluble chlorides, heating value, flash point, and pH. At 
the request of the State of Wisconsin, sediment samples will 
also be analyzed for dioxin (all isomers). 

3.3 HYDROGEOLOGIC INVESTIGATIONS 

The hydrogeologic investigations proposed for this Phase I 
RI are based on key assumptions derived from initial evalua­
tion of existing data: 

0 

0 

0 

The site is probably underlain by thick till depo­
sits of low hydraulic conductivity such that deep 
migration of contaminants probably has not occurred. 

The horizontal hydraulic conductivity of overlying 
weathered till, alluvium and fill deposits is 
greater than that of the lower till, such that 
groundwater flow and contaminant migration is 
probably toward peripheral drainage ditches and 
the Little Menomonee River. 

The Little Menomonee River acts as a groundwater 
discharge zone such that all groundwater flow from 
the site eventu~lly discharges to the river. 

The purpose of the hydrogeologic investigations will be to 
(1) verify or modify interpretations of the assumed hydrogeo­
logical regime; (2) determine the extent and fate of ground­
water contaminants derived from past site operations; and, 
(3) gather that information necessary to evaluate potential 
remedial measures to alleviate public health and environ­
mental impacts resulting from groundwater contamination .. 
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One of the objectives of the soil screening tasks discussed 
earlier will be a horizontal delineation of onsite source 
areas of contamination. These data will, however, be shal­
low in nature, and may require further investigation at depth 
to develop the three-dimensional distribution of the contami­
nants to support evaluation of alternative remedial actions. 
Determination of contaminated soil thicknesses will require 
soil boring operations. These will be accomplished along 
with other subsurface investigations required to evaluate 
the hydrogeologic regime. 

Task FI--Well Installation. While the till beneath the Moss­
American site is estimated to range as deep as 180 feet, it 
is anticipated that groundwater flow and contaminant migra­
tion from the surface will not penetrate that depth, and 
that shallow investigations coupled with variable depth moni­
toring will accomplish verification and understanding of the 
flow regime. The proposed subsurface program, therefore, 
calls for three different depth intervals of investigation: 
shallow (0-15 feet), intermediate (30-35 feet) and deep 
(55-60 feet). 

Because the thick deeper till is anticipated to be more homo­
geneous than the overlying weathered till, alluvial and fill 
deposits, variability of formation properties should be less 
at depths greater than 20 feet than at the surface. The 
shallow zone of fill, peat, alluvial deposits and variations 
due to past surface activities, on the other hand, is expected 
to present a greater variety of physical as well as chemical 
properties. This necessitates more numerous shallow ground­
water monitoring locations than deep locations to interpret 
the extent of contamination as well as definition of the 
hydrogeologic regime. 

Initially planned monitoring well locations are indicated in 
Figure 6. Twenty-three wells are currently planned with the 
depth distributions as follows: 

o Fifteen--Shallow (0-15 feet) 
o Five--~ntermediate (30-35 feet) 
o Three--Deep (55-60 feet) 

Based on the results of the horizontal distribution of conta­
mination determined from surface soil screening, final ground­
water monitoring well locations will be determined. Some of 
the wells will be grouped in clusters to provide vertical 
gradient and contaminant level data at the same points. The 
three deep wells will be distributed to provide upgradient 
water quality data as well as more regional groundwater gra­
dient conditions. Intermediate depth wells will be installed 
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to intercept potential contaminant migration in areas of 
heaviest soil contamination based on the results of GC/FID 
analysis of surface soil samples (Task Gl). The shallow 
monitoring wells will be distributed to provide broad based 
data points for contaminated as well as clean areas, and to 
assist in quantification of contaminated groundwater. All 
well screen will be placed in sand or gravel seams, if encoun­
tered. 

Wells will be installed using hollow-stem augers or spun-in 
casing. Split-spoon soil samples and HNu and OVA readings 
will be obtained during drilling. Continuous split-spoon 
samples will be obtained from the ground surface to a depth 
of 20 feet (or the bottom of the well). Split-spoon samples 
will be obtained at 5-foot intervals thereafter. In each 
cluster of wells, only the deepest well will be split-spoon 
sampled. Approximately 130 subsurface soil samples will be 
submitted to the CSL for TC screening. This data will be 
used to determine the vertical extent and level of contami­
nation at various locations on the site. The remaining por­
tions of the samples will be retained onsite for CLP analyses 
discussed under Task FS. 

Well construction will consist of 2-inch diameter stainless 
steel screens and risers. All screened zones will be sand 
packed. Annular well seals will consist of 5 feet of ben­
tonite clay above the well screens, and bentonite-cement 
slurry grout to the ground surface. Protective pipes will 
be grouted in and the wells equipped with locking caps. 

Details of well installation, soil sampling, and HNu and OVA 
monitoring are provided in the Sampling Plan (Appendix D) . 

Task FS--Subsurface Soil Testing. Based on HNu and OVA read­
ings, visual observations, and TC screening results an esti­
mated 30 soil samples (collected during monitoring well 
installation) will be selected for submittal to the CLP for 
detailed analysis. These samples will be analyzed for organic 
compounds, metals, and cyanide. In addition, an estimated 
ten selected subsurface soil samples collected during drill­
ing will be laboratory analyzed for particle-size distribu­
tion and Atterberg limit determinations. 

Task FQ--Field Work Groundwater. Upon satisfactory develop­
ment of all wells, in situ hydraulic conductivity (K) mea­
surements will be obtained in each well by slug test methods. 
Hydraulic conductivities will be estimated from the particle­
size distributions using Hazen's Law -and the Kozeny-Carmen 
equation. The estimates from the well testing and the 



r-··-. 

) 
j . 

r . 

l 

I. 

I 
L . 

, ~ 

I • 

I : 
l.' 

L 

L 
l 
C 
u 
[. 

Re-sion No. 3 
Date October 15, 1987 
Page 17 of 34 

particle-size distributions will be compared and correlated 
where possible. 

One round of samples from groundwater monitoring wells will 
be obtained upon completion of aquifer testing; Static water 
levels will be recorded before· any sampling activity. When. 
practical, a minimum of five bore volumes of water will be 
purged from each well, using a peristaltic pump or a sub­
mersible pump, before collecting samples. Samples will be 
analyzed for pH, conductivity, and temperature in the field, 
and will be sent to the CLP for analysis of the organic (acid 
and base/neutral extractables, volatiles, PCB's, and pesti­
cides) parameters and inorganic (metals and cyanide) consti­
tuents as defined in the User's Guide to the Contract Labora­
tory Program (1984). Monitoring well samples will also be 
analyzed for biochemical oxygen demand (BOD), chemical oxygen 
demand (COD), total organic carbon (TOC), sulfate, total 
phenols, total dissolved solids (TDS), total suspended solids 
(TSS), and alkalinity/acidity to evaluate the feasibility of 
remedial alternatives. 

Samples to be analyzed for organic compounds will be collected 
using a pump and Teflon tubing. Samples to be analyzed for 
volatile organic compounds will be collected using a Teflon 
or stainless steel bailer.· Two sets of samples will be col­
lected for metals analysis. One set will be filtered in the 
field and the other will be unfiltered. A detailed descrip­
tion of groundwater sampling procedures is included in the 
Sampling Plan (Appendix D). Twenty-three groundwater samples, 
plus replicate samples and field blanks, will be submitted 
for analysis. 

3.4 SURFACE WATER EVALUATION 

Task FW-~Field Work--Surface Water. Eight surface water 
grab samples will be collected from the following planned 
locations: 

o In the drainage ditch on the north side of the 
site (1) where the ditch enters the site, and 
(2) just before the ditch discharges to the Little 

Menomonee River. 

o In the Little Menomonee River (3) upstream of the 
site; (4) just below the confluence with the drain­
age ditch; (5) where the Little Menomonee exits 
the site; (6,7) at downstream locations to be 
selected after the river survey is complete; and, 
(8) just before the confluence with the Menomonee 
River. 
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A total of 10 water samples (including one replicate and one 
field blank) will be collected and submitted to the CLP. 
Samples will not be taken immediately after any major preci­
pitation event to avoid masking or dilution of contaminant 
concentrations. All samples will be analyzed for organic 
parameters and inorganic constituents listed in the User's 
Guide to the CLP as well as BOD, TOC, COD, TDS, TSS and 
alkalinity/ac~dity, sulfates, and total phenols. Field mea­
surements for pH, temperature, and conductivity will also be 
conducted. 

3.5 EVALUATION OF FIELD AND LABORATORY DATA 

Task DV--Data Validation. Quality assurance reviews of analy­
tical data received from the U.S. EPA Central Regional Labora­
tory (CRL) Contract Laboratory Program, CH2M HILL Montgomery 
laboratory, the CSL, or subcontract laboratories will be 
evaluated by CH2M HILL. The appropriate use of the analy­
tical data for RI/FS purposes will be evaluated based on the 
CRL or CLP QA/QC comments. Limitations of the analytical 
data will be presented and explained in the RI Report 
(Task RR) . 

Task DE--Data Evaluation. Data from the Phase I RI field 
tests will be summarized and evaluated. An appropriate data 
base system will be developed to allow for effective data 
comparisons and sorting capabilities based on factors such 
as type of sample, .location, parameter analyzed, and concen­
tration. Figures and graphic presentations will be devel­
oped to assist in data evaluation and explanations of conta­
minant concentration surveys hydrogeologic analyses. RI 
objectives will be reviewed to determine if the gathered 
data provide the specific information required by each task. 
Additional needs will be identified and incorporated into a 
Phase II RI work planning, if necessary. 

Specific analyses and evaluations to be performed are: 

o Generation of groundwater gradients for shallow, 
intermediate, and deep zones of the shallow aquifer 
and corresponding flow directions 

o Identification of recharge and discharge areas 

0 

0 

Determination of vertical hydraulic gradients with 
respect to integrity of the till as a confining 
layer 

Generation of a site water balance 
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Determination of the extent and level of ground­
water and surface water contamination 

Estimation of surface and groundwater contaminant 
loadings to the Little Menomonee River 

Determination of the location and extent of con­
taminated soil onsite 

Determination of the location and extent of con­
taminated sediment in the river 

Identification of contaminant transport pathways 
and receptors 

o Identification of general groundwater and surface 
water remedial technology constraints 

o Identification of general soil and sediment reme-
dial technology constraints 

Task PH--Public Health Assessment. Based on the determina­
tion of potential contaminant migration to water resources, 
estimated contaminant loadings and potential for direct con­
tact with contaminated soils and sediments; a public health 
assessment will be performed. The.level of contaminants 
detected will be compared to acceptable limits and stan­
dards, and the needs for specific areas of remediation 
defined. 

Task RR--RI Report. A draft technical report summarizing 
Phase I activities, results, and conclusions will be pre­
pared. Six copies will be submitte~ to U.S. EPA and two 
copies to the Wisconsin Department of Natural Resources 
(WDNR). The draft report will provide documentation of data 
obtained for Phase I tasks, as well as data evaluation and 
identification of additional tasks and information needs for 
the Phase II investigations. Phase II RI' work may be 
required, if it is determined that additional data are neces­
sary as follows: 

o Discovery of an environmental or health risk need­
ing further clarification 

o Determination that subsurface or river conditions 
are substantially· different than originally assumed 
and must be investigated in more detail 

o Determination that significant and discrete areas 
of contamination warrant delineation to develop 
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more cost-effective remedial technologies for those 
discrete problems · 

To support selection of remedial technologies 

After meeting with U.S. EPA and WDNR to review the Draft RI 
Report, a Final RI Report will be prepared, with 15 copies 
submitted to the U.S. EPA and 5 to the WDNR. 

3.6 COMMUNITY RELATIONS 

Task CR--Community Relations. Upon approval of the Work 
Plan, the Community Relations Plan previously prepared by 
CH2M HILL will be executed throughout the Phase I RI activi­
ties. The major objectives of the community relations pro­
gram are to explain the Superfund process and how this applies 
to the Moss-American site, to provide mechanisms to inform 
the public of progress at the site, to provide opportunities 
for local input into the decisionmaking process, and to keep 
community leaders informed at key points during the process. 

Task CS--Technical Support. Under this task the technical 
staff will assist in review of Community Relations documents 
and provide technical support at public presentations. 

4.0 PROJECT ORGANIZATION AND RESPONSIBILITY 

CH2M HILL has overall responsibility for all phases of the 
RI/FS. CH2M HILL will perform the field investigations and 
prepare the RI report. Subsequently, CH2M HILL will prepare 
the Feasibility Study. Project management will be provided 
by CH2M HILL. 

The following responsibilities have been assigned for the 
project: 

o Remedial Project Manager (RPM) 
Frank Rollins (U.S. EPA Region V) 

0 

0 

0 

0 

Site Manager (SM) 
Andrew Diefendorf (CH2M HILL) 

Regional Manager (RM) 
Mike Jury (CH2M HILL) 

Quality Assurance Manager (QAM) 
Greg Peterson (CH2M HILL) 

CH2M HILL Review Team Leader (RTL) 
Randy Videkovich 
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Sample Team Leader (to be identified) 

Offsite Laboratory Operation 
U.S. EPA Contract Laboratory Program (CLP) 
and CH2M HILL Montgomery laboratory -

Onsite Laboratory Operations 
U.S. EPA Close Support Laboratory (CSL) 
managed by CH2M HILL 

System/Performance Audits 
CH2M HILL QA Manager (field), U.S. EPA EMSL--Las 
Vegas (CLP), Contract Project Management Section 
(CPMS), CRL--Montgomery Laboratory 

Special Analytical Services Requests Preparation 
CH2M HILL 

Review of Tentatively Identified Compounds 
CH2M HILL 

Review of Physical Soil Testing Data 
CH2M HILL 

QA/QC of CLP Data 
U.S. EPA Region V, Contract Project Management 
Section (CRL) · 

QA/QC of SAS Data 
U.S. EPA Region V, Contract Project Management 
Section (CRL) 

CLP Data Completeness 
CH2M HILL 

QA/QC of CH2M HILL Montgomery Laboratory 
CH2M HILL 

o QA/QC of CSL 
CH2M HILL 

The PM and RTL will have the responsibility of assigning 
competent personnel to tasks which have been designated as 
CH2M HILL's responsibility. Primary responsibility for 
project quality rests with the SM. Independent quality 
assurance review is provided by the QA reviewers. A project 
organization chart is presented in Figure 7. 
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5.0 SAMPLING PROCEDURES AND SAMPLE CUSTODY 

Detailed sampling procedures are provided in the Sampling 
Plan included in this QAPP as Appendix D while sample custody 
protocols are included as Appendix E. Sample custody proto­
cols for this project will be ·in accordance with the proce­
dures detailed in NEIC Policies and Procedures, EPA-330/-
9-78-001-R, revised June, 1985. 

6.0 QUALITY ASSURANCE OBJECTIVES 

The overall QA objective is to develop and implement pro­
cedures for field sampling, chain of custody, laboratory 
analysis and reporting that will provide legally defensible 
results in a court of law. Specific procedures to be used 
for sampling, chain of custody, calibration, laboratory 
analysis, reporting, internal quality control, audits, pre­
ventative maintenance and corrective actions are described 
in the appendixes of this Quality Assurance Project Plan. 

6.1 FIELD QC AUDITS 

Accuracy and reproducibility standards for survey activities 
will be consistent with those given in the standard survey­
ing reference Manual of Surveying Instructions 1973 prepared 
by the Bureau of Land Management. Site and river surveying 
and mapping is a field activity where samples will not be 
collected, but involves measurements where quality assurance 
concerns are appropriate. The primary QA/QC objectives in 
activities where samples are not collected is to obtain repro­
ducible measurements to a degree of accuracy consistent with 
the intended use of measurements and to document measurement 
procedures. 

To assess the quality of data· from·field sampling efforts, 
replicate and field blank samples will be submitted. Blank 
samples prepared in the field will be analyzed to check for 
procedural contamination and/or ambient conditions at the 
site which are causing sample contamination. Preparation of 
replicate samples entails· collecting a sample and dividing 
it into two portions for separate analysis. Replicate sam­
ples will provide information on data precision. 

Depending on the extent and magnitude of contamination found, 
further exploration might be recommended, and at that time 
QA/QC aspects would also be revised for any additional 
sampling. 
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6.2 ACCURACY, PRECISION, AND SENSITIVITY OF LABORATORY 
ANALYSIS 

The groundwater, surface water, soil, and sediment samples 
taken at the Moss-American site•will be analyzed using the 
U.S. EPA Contract Laboratory Program (CLP). 

The QA objectives for the CLP Routine Analytical Services 
(RAS) analyses are to achieve QC criteria stated in the CLP 
Invitation for Bid (IFB), number WA-85-J644/J680 for organic 
chemical analyses, and IFB number WB-85-J838/J839 for inor­
ganic chemical analyses. Detection limits provided by CLP 
RAS for low and medium level soil and water parameters are 
given in Appendix F. QA objectives for parameters that are 
not part of the RAS are stated on the CLP Special Analytical 
Services (SAS) request forms and the appropriate attachments 
(defining laboratory proto9ol) are found in Appendixes G and 
H. QA objectives for field measurements, such as pH and 
specific conductance, includes proper operation of the field 
equipment based on the operator's manual instructions included 
in Appendix I. 

7.0 ANALYTICAL SERVICES 

Water samples, soil, and sediment samples will be analyzed 
using RAS or SAS of the CLP in addition to the initial 
screening performed by the CSL. Several field measurements 
wili. also be performed. QAPP elements for each are listed 
below and are documented in the references cited. 

QAPP Element· RAS SAS Field Analysis 

Calibration Procedures PD Appendixes G & H Appendix I 
Analytical Procedures PD Appendixes G & H Appendix I 
Internal QC PD Appendixes G & H Appendix I 
Data Reduction/ 

Validation PD Appendixes G & H Appendix I 
Performance/System 

Audit PD Appendixes G & H Appendix I 
Data Assessment PD Appendixes G & H Appendix I 
Accuracy/Precision 

Definitions PD Appendixes G & H Appendix I 
Corrective Action PD Appendixes G & H Appendix I 

PD= Predetermined in CLP, IFB Nos. WA-85-J644/J680 for orga-
nic chemical analyses and IFB Nos. WA-85-J838/J839 for 
metals and cyanide. 
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All samples collected will be analyzed for Hazardous Sub­
stances List Organics by the CLP. All testing of soil, 
groundwater, surface water, and sediment samples will con­
form to the guidelines in the User's Guide to the U.S. EPA 
Contract Laboratory Program and to those specified in IFB's 
WA-85-J664/J680 for organics and WA-85-J838/J839 for metals 
and cyanide. 

Computer-assisted library searches will be made to tenta­
tively identify as many as 30 organic compounds in addition 
to those listed in the Sampling Plan (Appendix D). However, 
no more than 4 hours per sample will be spent in the search 
for the identity of unknowns. The three most matched com~ 
pounds will be reported via a computer mass spectral library 
search. Positive peak identification requires at least a 
five major-peak match including the base peak and molecular 
ion peak. The relative intensities of these peaks should 
not vary by± 20 percent compared to the suspected compound. 
Compounds still unidentified after 4 hours are labeled as 
UNKNOWN #XXX, where XXX is the scan number where the unknown 
appears. Purity should also be included. 

Internal Quality Control 

Internal quality control procedures for groundwater, surface 
water, sediment, and soil samples will follow the guidelines 
of the CLP specified in the IFB's WA-85-J664/J680 for organ­
ics and WA-85-J838/J839 for metals and cyanide. Field blanks 
and replicates will be collected to check for any sample 
contamination·resulting from field sampling equipment and to 
check data precision, respectively. 

Data Reduction/Validation and Reporting 

Data validation will be performed by the CPM Section of the 
CRL to ensure the accuracy of data reporting and the accept­
ability of data reductions. Data handling standards guaran­
tee the integrity of raw data and create a traceable audit 
trail from chain-of-custody through data reduction. The 
data base is assessed for numerical reasonableness and accept­
ability. Extremes are eliminated on the basis of review by 
qualified and experienced individuals. Validation procedures 
provide for the generation of defensible analytical data 
acceptable.for use as evidence in legal proceedings. The 
raw data collected from project sampling tasks and used in 
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project reports will be appropriately identified and will be 
included in a separate appendix within the final report. 

Data reduction will be documented so checks can be accurately 
made to monitor the validity ot the reduction process. Data 
reduction includes all processes which change the values or. 
numbers of data items. Documentation will address the relia­
bility of computations, appropriateness of the model(s) as a 
framework fo£ investigating the study questions and the over­
all correctness of the data reduction. Individuals responsi­
ble for work performed on data will date and sign (or initial) 
the generated material so questions about conclusions or 
methods can be quickly referenced and resolved. 

Reports will record the performance of all tasks and results. 
Missing data will be explained and the validation of data 
will be demonstrated each time data are recorded, calculated, 
or transcribed. Internal checks will be made to uncover or 
avoid errors in the data collection, recording, or transfer 
process. 

Performance/System Audit 

Performance and systems audits for CLP, RAS, are the respon­
sibility of the Support Services Branch, OERR, EPA and of 
EMSL--Las Vegas, EPA. Audits are performed as described in 
IFB's WA-85-J664/J680· for organics and WA-85-J838/J839 for 
metals and cyanide. 

Data Assessment 

Data assessment is the responsibility of CPMS, CRL. Data 
completeneJS will be checked by CH2M HILL and the SMO. 

Accuracy/Precision Definitions 

Accuracy and precision definitions for analyses performed by 
CLP, RAS, are liste·d in IFB No. 's WA-85-J664/J680 and 
WA-85-J838/J839. 

Corrective Actions 

If quality control audits result in detection of unaccept­
able conditions of data, the SPM will be responsible for. 
developing and initiating corrective action. The RM and QAM 
will be notified if nonconformance is of program signifi­
cance or requires special expertise not normally available 
to the project team. Corrective action may include: 
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Reanalyzing samples if holding time criteria per­
mit; 

Resampling and analyzing; 

Evaluating and amending sampling and analytical 
procedures; and 

Accepting data acknowledging level of uncertainty. 

7.2 CLP SPECIAL ANALYTICAL SERVICES 

.Analytical and Calibration Procedures 

The groundwater and surface water samples will be analyzed 
by the CLP using SAS protocols for BOD, COD, TOC, TDS, TSS, 
sulfates, total phenols, and alkalinity/acidity. Soil and 
sediment samples will be analyzed using SAS protocols for 
proximate analysis (moisture content, ash, volatile matter, 
and fixed carbon), ultimate analyses (carbon, hydrogen, sul­
fur, oxygen, and nitrogen), heating value, flash point, pH, 
TOC, water soluble chlorides, and dioxin (all isomers). In 
addition, selected subsurface soil samples will be analyzed 
for particle-size distribution and Atterberg limits. Analy­
tical and calibration procedures for these analyses are 
specified in Special Analytical Services--Regional Request 
forms (Appendixes G and H). 

Internal Quality Control 

Quality control requirements for each of the CLP, SAS analy­
ses are specified in Appendixes G and H. Field blanks and 
replicate samples·will be collected and submitted to CLP, 
SAS, for analysis to determine if any sample contamination 
is due to field sampling equipment and to check data preci­
sion, respectively. 

Data Reduction/Validation, and Reporting 

Data validation will be performed by the CPM Section of the 
CRL to ensure the accuracy of data reporting and the accept­
ability of data reductions. Data handling standards guaran­
tee the integrity of raw data and create a traceable audit 
trail from chain-of-custody through data reduction. The 
data base is assessed for numerical reasonableness and accept­
ability. Extremes are eliminated on the basis of review by 
qualified and experienced individuals. Validation procedures 
provide for the generation of defensible analytical. data 
acceptable for use as evidence in legal proceedings. The 
raw data collected from project sampling tasks and used in 
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project reports will be appropriately identified and will be 
included in a separate appendix within the final report. 

Data reduction will be documented so checks can be accurately 
made to monitor the validity of the reduction process. Data 
reduction includes all processes which change the values or. 
numbers of data items. Documentation will address the relia­
b±rity of computations, appropriateness of the model(s) as a 
framework for investigating the study questions and the over­
all correctness of the data reduction. Individuals responsi­
ble for work performed on data will date and sign (or initial) 
the generated material so questions about conclusions or 
methods c~n be quickly referenced and resolved. 

Reports will record the performance of all tasks and results. 
Missing data will be explained.and the validation of data 
will be demonstrated each time data are recorded, calculated, 
or transcribed. Internal checks will be made to uncover or 
avoid errors in the data collection, recording, or transfer 
process. 

Performance/System Audit 

System audits _and required performance limits are specified 
for each CLP, SAS, analysis in Appendixes G and H. 

Data Assessment 

Data Assessment is the responsibility of CPMS, CRL. Data 
completeness will be checked by CH2M HILL and the SMO. 

Accuracy/Precision Definitions 

Accuracy and precision definitions are specified for each 
CLP, SAS, analysis in Appendixes G and H. 

Corrective Actions 

If quality control audits detect unacceptable conditions or 
data, samples should be reanalyzed if holding time criteria 
permit. The Program Coordinator of the Contract Project 
Management Section should be contacted if requirements are 
not met upon reanalysis of samples. 

7.3 CH2M HILL MONTGOMERY LABORATORY SCREENING 

Analytical and Calibration Procedures 

Sur.face soil and sediment samples will be analy_zed for PAH 
and phenolic compounds at the CH2M HILL Montgomery 
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laboratory. Analytical and calibration procedures for the 
analysis of these compounds are included in the GC/FID 
analysis SOP {Appendix C). 

Internal Quality Control 

Quality control requirements for this analysis are also 
specified in the GC/FID analysis SOP {Appendix C). Field 
blanks and field replicates will be analyzed as a check on 
decontamination procedures and data precision. 

Data Reduction/Validation and Reporting 

All data generated during this screening task will be ini­
tially validated by a qualified chemist, other than the ana­
lyst, before turning the data over to the engineering staff. 
This will ensure the accuracy of the data reporting and 
acceptability of the data reductions. 

Then on a weekly basis the laboratory will turn over to the 
site manager all bench records and calculations for samples, 
blanks, replicates, spikes, standards, etc. The site manager 
will see to it that a qualified chemist, independent of the 
laboratory reviews the data • 

. Data handling standards guarantee the integrity of raw data 
and create a traceable audit trail from chain-of-custody 
through data reduction. The data base is assessed for 
numerical reasonableness and acceptability. Extremes are 
eliminated on the basis of review by qualified and experi­
enced individuals. Validation pr9cedures provide for the 
generation of defensible analytical data acceptable for use 
as evidence in legal proceedings. The raw data collected 
from project sampling tasks and used in project reports will 
be appropriately identified and will be included in a sepa­
rate appendix within the final report~ 

Data reduction will be documented so checks can be accurately 
made to monitor the validity of the reduction process. Data 
reduction includes all processes which change the values or 
numbers of data items. Documentation will address the relia­
bility of computations, appropriateness of the model{s) as a 
framework for investigating.the study questions and the over­
all correctness of the data reduction. Individuals respon­
sible for work performed on data will date and sign {or ini­
tial) the generated material so questions about conclusions 
or methods can be quickly referenced and resolyed. 

Reports will record the performance of all tasks and results. 
Missing data will be explained and the validation of data 
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will be demonstrated each time data are recorded, calculated, 
or transcribed. Internal checks will. be made to uncover or 
avoid errors in the data collection, recording, or transfer 
process. The CPMS CRL may', at their discretion perform an 
audit of these data reviews. ~he data reviews-will be sum­
marized in the final RI report. 

Performance/System Audits 

System audits and required performance limits are specified 
in Appendix C. 

Data Assessment/Completeness 

Data Assessment will be performed by the CH2M HILL Montgomery 
laboratory staff before releasing the sample results to the 
data users. Data completeness will be monitored by the data 
users. 

Accuracy/Precision Definitions 

Accuracy and precision definitions are specified in the analy­
tical procedure for the GC/FID analysis in Appendix C. 

Corrective Action 

If variability among multiple readings of replicate samples 
is judged excessive, instruments will be recalibrated (if 
necessary) and the measurement repeated. If variability 
remains unacceptable high and instruments fail to properly 
calibrate, the QAM will be notified. 

7.4 CLOSE SUPPORT LABORATORY SCREENING 

Analytical and Calibration Procedures 

Surface soil, subsurface soil, and sediment samples will be 
analyzed for TC in the close support laboratory .. Analytical 
and calibration procedures for the analysis of these com­
pounds are included in TC screening procedures (Appendix B). 

Internal Quality Control 

Quality control requirements for this analysis are also speci­
fied in the Appendix B. Field blanks and field replicates 
will be analyzed as a check on decontamination procedures 
and data precision. 
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Chain-of-custody records will be completed by the sampling 
team. Samples will be relinquished to the CSL staff. The 
CSL sample documentation coordinator will then-log all sam­
ples in a laboratory notebook. Samples will be maintained . 
under the sample documentation coordinators custody until 
disposal. Samples will be kept in a locked secured area at 
the end of each day. 

Following the completion of the analysis and validation pro­
cess the unused portion of the sample will be placed in a 
Department of Transportation (DOT) approved 55-gallon drum. 
The drums will be labeled and temporarily stored onsite for 
later disposal. All sample aliquots used for analysis by 
the CSL will ultimately be discarded in a drum labeled "High 
Concentration Lab Wastes Only." 

Should the CSL staff find any deficiencies in sample docu­
mentation or possibly confusing or conflicting information, 
they will report it immediately to the SMT for prompt cor­
rection or resolution. 

' Data Reduction. All data will originate from the CSL data 
books, or be recorded on CSL data sheets. The analytical 
records including, bench work sheets, data sheets and the 
strip charts will be kept in the CSL trailer throughout the 
duration of the investigation. Copies of this data will be 
made available for data validation purposes in accordance 
with the section "DATA VALIDATION." The actual analytical 
values produced by the CSL will be entered into a micro­
computer using a Lotus-type data base by the attending ana­
lysts. The data base will also include information such as 
sample identity, sample type, date received and analyzed, 
analytical method and procedure used, and data validation 
status. All data will be stored and updated on a floppy 
disk. A backup of this disk will be made and continually 
updated. 

CSL data will be reviewed and validated in accordance with 
the data validation process described under "DATA VALIDA­
TION." The CSL data will be reported in accordance with the 
section "DATA REPORTING." Ultimately the data will be 
stored and archived along with the master project files at 
CH2M HILL's Milwaukee office. 

Data Reporting. Upon completion of each days' batch of sam­
ples, all information pertaining to the samples will be · 
entered into the data base. A copy of each day's data will 
be provided to the SMT for his review and distribution. It 
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will be the duty of the SMT to report this data to the FTL 
and the appropriate task leaders. Also, at the end of each 
day all technical and nontechnical events will be entered 
into a site diary. 

At this point the data will not have passed the data valida­
tion check, as described in the section "DATA VALIDATION," 
and as such will be designated preliminary. Data will be 
validated by the CSL operations manager. Upon approval of 
the CSL operations manager, data will be clearly designated 
in the data base as "validated." 

Quality Assurance/Quality Control. The CSL quality assur­
ance (QA) protocol is designed to assure that data quality 
objectives for monitoring and measurement are met. The sys­
tem integrates quality planning, quality assessment, and 
quality improvement. Elements of the overall QA program are 
described in CH2M HILL's REM IV quality assurance documents. 

Documentation of corrective action steps will include: prob­
lem identification, investigation responsibility assignment, 
investigation, action to eliminate the problem, increased 
monitoring of the effectiveness of the corrective action, 
and verification of problem elimination. 

Data Validation. An objective of the CSL is to provide timely 
data of an appropriate level of- quality as defined by the 
DQO. To satisfy this objective, the CSL data will undergo 
two levels of review and validation. 

The first level of review will be performed by the CSL staff, 
which generated the data, prior to its release to the SMT. 
This is the customary "double checking" of the data for its 
conformance with protocols detailed in this SOP and the ana­
lytical methods. 

The second level of review is carried on outside of the CSL. 
Each week a batch of data copies along with copies of the 
CSL diary will be submitted to the regional CSL operations 
manager for data validation and checking of data reduction 
and reporting. 

Data validation consists of the steps taken so that the re­
ported results correctly represent the samples and the anal­
yses performed. There are two basic validation activities: 

0 The checking of sample results and QC sample re­
sults to demonstrate that the analyses are within 
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prescribed criteria for precision, accuracy, com­
pleteness, method detection limit, understandabil­
ity, and legibility. 

o The process checking of 10 percent of the numer­
ical computations for correct data and correct 
reporting of data. 

For this project, the data will be validated for consistency 
with the DQO and the items of importance in the analytical 
procedures used. In addition to numerical evaluation, the 
reviewer will evaluate the performance of the analytical 
system by reviewing the strip chart for base-line noise, 
drift, and relative peak height. Emphasis will also be 
placed on blanks duplicates, and matrix spike analysis. 

The following data qualifiers will be used as a means to 
classify the data as to its conformance to QC requirements: 

J = Quantitatively Suspect 
R = Unable to calculate due to interference 
U = Not detected at the specified detection limits 

Calibration problems, blank contamination, poor spike recov­
eries, instrument noise, or sample matrix interferences are 
possible reasons for a "J" qualifier. After the data valida­
tion process, the data reviewer will return the data to the 
FTL. Validated data will be considered as final data. If 
operational problems become evident during the validation 
process, the CSL Operations Manager will be responsible to 
determine the source of the problem, develop a plan, take 
corrective action, and report the results of his investiga­
tion to the FTL. 

Performance/System Audits 

System audits and required performance limits are specified 
in. Appendix B. 

Data Assessment/Completeness 

Data Assessment will be performed by the close support labo­
ratory staff before releasing the sample results to the data 
users. Data completeness will be monitored by the data users. 

Accuracy/Precision Definitions 

Accuracy and precision definitions are specified in the ana­
lytical procedure ~or the TC screening in Appendix B. 

\ 
----
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If variability among multiple readings of replicate samples 
is judged excessive, instruments will be recalibrated (if 
necessary) and the measurement_ repeated. If variability 
remains unacceptable high and instruments fail to properly . 
calibrate, the QAM will be notified. 

7.5 FIELD ANALYTICAL SERVICES 

Analytical and Calibration Procedures 

Groundwater and surface water samples will be analyzed for 
pH, specific conductance, and temperature. Permeability 
measurements will be made at all monitoring wells. Specific 
operating and calibration procedures for the pH and conduct­
ivity meters to be used in the field are contained in Appen­
dix I. The procedure used in determining permeability is 
also given in Appendix I. Operation of the data logger, if 
required, used in determination of permeability will be in 
accordance with the manufacturer's recommendation as speci­
fied in Owner's Manual Hermit Environmental Data Logger, 
Model SE10008, In-Situ, Inc., Laramie, Wyoming, 82070. 

Internal Quality Control 

Field analyses are performed onsite and do not involve sam­
ples that are collected and retained. The primary QA/QC 
objective is to obtain reproducible measurements to a degree 
of accuracy consistent with limits imposed by analytical 
methodologies used and with the intended use of the data. 
Quality control procedures will be limited to checking the 
reproducibility of measurements by taking multiple readings 
and by calibration of instruments (where appropriate). 

Data Reduction, Validation, and Reporting 

All field recording sheets, instruments outputs, and work­
sheets for calculating results will be retained. Summarized 
raw data will be appropriately identified in reports and 
included in a separate appendix of the final RI report. 
CH2M HILL will perform data validation. Any method used for 
data reduction will be described and will be part of the 
data package. 

Performance/System Audit 

All instruments used in making field measu~ements will be 
regularly calibrated (where appropriate) as specified in 
Appendix I. 
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Data Assessment 

R.sion No. 3 
Date October 15, 1987 
Page 34 of 34 

The Sample Team Leader will assess data to assure QA/QC objec­
tives are met. 

Accuracy/Precision Definitions 

No quantitative levels are specified. 

Corrective Actions 

If variability among multiple readings at a single site is 
judged excessive, instruments will be recalibrated (if appro­
priate) and the measurement repeated. If variability remains 
unacceptably high and instruments fail to properly calibrate, 
the SM will be notified. 

8.0 QUALITY ASSURANCE REPORTS 

No separate QA report for this project is anticipated. The 
final RI report and FS report will contain separate QA sec­
tions that summarize data quality information collected dur­
ing the project. 

GLT595/16 
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Appendix A 
EXISTING DATA 



C u 

EXISTING 

Sample location 

Brown Deer Rd. 
Brown Deer Rd. 

Moss Am. Outfall 
Moss Am. Outfall 

Wooden Bridge 
Wooden Bridge 

1 
2 
3 
4 
s 
6 
7 
8 
9 

71-101 
71-103 

Appendix 
SURFACE WATER DATA 

Date Sampler 

2-22-68 WDNR 
9-4-68 WDNR 

2-22-68 WDNR 
9-4-68 WDNR 

2-22-68 WDNR 
9-4-68 WDNR 

7-20-71 Rexnord 
7-20-71 Rexnord 
7-20-71 Rexnord 
7-20-71 Rexnord 
7-20-71 Rexnord 
7-20-71 Rexnord 
7-20-71 Rexnord 
7-20-71 Rexnord 
7-20-71 Rexnord 

10-21-71 USACE 

A-1 
- LITTLE MENOMONEE RIVER 

He~<ane 
extrac-

Oil 'Phenol table 
mg/1 mg/1 mg/l Comments 

<.04 MF' 5.9 
0.30 MP 5.9 
1.70 MP 5.8 
4.00 MP 5.8 
0.06 MP C' .-, 

..J. ~ 

0.30 MP 5.2 

3 <0.01 
11 <0.01 

4 0.01 
3 0.02 
0 0.02 
2 0.01 
0 0.01 
1 0.02 
2 <0.01 

0.028 113 
0.040 118 
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Sample 
location 

772401 
772401 
772407 

772413 
772413 
772419 
772431 
772431 
772440 
772440 
772452 

Appendi :< A-2 
EXISTING GROUNDWATER QUALITY DATA 

Methylene 
Chloride 

extractables 
Date Sampler mg/1 Comments 

-

9-20-77 NE re:·- 4190 
10-19-77 NErc- 99 
10-19-77 NEIC'· 600 Majority of extractable 

material resembled highly 
weathered fuel oil 

9-20-77 NEIC Not Detected 
10-19-77 NEIC <2 
10-19-77 NEIC <2 
9-20-77 NEIC Not Detected 

10-19-77 NEIC <2 
9-20-77 NEIC 20 

10-19-77 NEIC 9 
10-19-77 NEIC <2 Spring sample, 100 ft SW 

of 772440 
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Appendix A-3 
EXlSTING SEDIMENT SAMPLE DATA - LITTLE MENOMONEE RIVER 

Hexane Hexane 
Extract.able Extractable 

g/kg of g/kg of 
S,ample location Date Sampler wet mud dry so.lids Location 

1/2 7-20-71 Rexnord 0.9 0.9 
1 7-20-71 Rexnord 0.2 0.2 

1 1/2 7-20-71 Rexnord 1.7 ? ""' -· -· 
2 7-20-7i Rexnord 25.1 53.5 
3 7-20-71 Rexnord 17.1 30.4 
4 7-20-71 Rexnord 5.4 9.2 
5 7-20-71 Rexnord 3.9 4.6 
6 7-20-71 Rexnord 35.4 77.2 
7 7-20-71 Rexnord 9.0 21.6 
B 7-20-71 Rexnord 2.6 4.2 
9 7-20-71 Rexnord 0.2 0.3 

11 10-16-72 Biotest 10.0 730 ft above Calumet Rd. 
12 10-16-72 Biotest 3.0 730 ft above Calumet. Rd. 
13 10-16-72 Biotest 3.0 730 ft above Calumet Rd. 
21 10-16-72 Biotest 6.0 530 ft above Calumet Rd. 
22 10-16-72 Biotest 1.0 530 ft above Calumet Rd. 
23 10-16-72 Biotest 6.0 530 ft above Calumet Rd. 
31 10-16-72 Biotest 1.0 430 ft above Calumet Rd. 
32 10..:.16-72 Biotest 1.0 430 ft above Calumet Rd. 
33 10-16-72 Biotest 3.0 430 ft above Calumet Rd. -41 10-16-72 Biotest 18.0 330 ft above Calumet Rd. 
42 10-16-72 Biotest 2.0 330 ft above Calumet Rd. 
43 10-16-72 Biotest 2.0 330 ft above Calumet ,Rd. 
51 10-16-72 Biotest 2.0 230 ft above Calumet Rd. 
52 10-16-72 Biotest 3.0 230 ft above Calumet Rd. 
53 10-16-72 Biotest 0.2 230 ft above Calumet Rd. 
61 10-16-72 Biotest 2.0 130 ft above Calumet Rd. 
62 10-16-72 Biotest 10.0 130 ft above Calumet Rd. 
71 10-16-72 Biotest 13.0 30 ft above Calumet Rd. 
72 10-16-72 Biotest 4.0 30 ft above Calumet Rd. 
73 10-16-72 Biotest 2.0 30 ft above Calumet Rd. 
Bl 10-16-72 Biotest 5.0 400 ft below sta·s 71, 72 t< 73 
82 10-16-72 Biotest 23.0 400 ft below sta ··s 71, 72 g~ T2: 
83 10-1"6-72 ~iotest 1.0 400 ft below sta s 71, 72 t~ 73 
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, Appendix A-3 
EXISTING SEDIMENT SAMPLE DATA - LITTLE MENOMONEE RIVER 

Sample location Date Sampler 

71-102 10-21-71 COE 
71-104 10-21-71 COE 
71-105 10-21-71 COE 
71-106 10-21-71 COE 
71-107 10-21-71 COE 

Sample location Date Sampler 

LMR 0.1 6-24-75 USEPA 
LMR 2.5 6-24-75 USEPA 
LMR 4.0 6-24-75 USEPA 
LMR 4.0 6-24-75 USEPA 
LMR 5.0 6-24-75 USEPA 
LMR 5.9 6-24-75 USEPA 

LMR 0.1 6-24-75 USEPA 
LMR 2.5 6-24-75 USEPA 
LMR 4.0 6-24-75 USEPA 
LMR 4.0 6-24-75 USEPA· 
LMR 5.0 6-24-75 USEPA 
LMR 5.9 6-24-75 USEPA 

LMR 0.1 6-24-75 USEPA 
LMR 2.5 6-24-75 USEPA· 
LMR 4.0 6-24-75 USEPA 
LMR 4.0 6-24-75 USEPA 
LMR 5.0 6-24-75 USEPA 
LMR S.9 6-24-75 USEPA 

Hexane . 
Soluble 

mg/kg 

11050 
5470 
2910 

102180 
24080 

Oil and 
Grease 

Wet Basis 
mg/kg 

1330 
3890 

760 
4980 
7570 

730 

Biphenyl 
mg/kg 

1.0 

42.0 

Flucran­
thene 
mg/kg 

4.5 
23.0 

6 •. 3 
200.0 
305.0 

6.1 

Percent 
Phenol Volatile 

mg/kg Solids 

0.024 17.4 
0.019 32.2 
0.026 11.7 
0.038 .33. 9 
0.012 16.9 

Pyrene Fluorene 
mg/kg mg/kg 

5.6 
31.0 
6.2 0.2 

200.0 4.9 
330.0 276.0 

6.7 

Dibenzo- Phenan-
furan threne 
mg/kg mg/kg 

8.4 44.0 
2.0 

2.4 13.0 
220.0 440.0 

3.0 

Acenaph-
thene 
mg/kg Comments 

0.6 Bottom 
6.5 Bank 

300.0 
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Appendi :< A-3 
EXISTING SEDIMENT SAMPLE DATA -

Sample location Date Sampler 

772401 0-1.5 ft 9-19-77 NEIC 
772401 5-6.5 ft 9-19-77 NEIC 
772401 10-11. 5 ft 9-19-77 NEIC 
772401 15-16.5 ft 9-19-77 NEIC 

772402 surface 9-19-77 NEIC 
772402 62 cm 9-19-77 NEIC 
772402 90 cm 9-19-77 NEIC 

772403 surface 9-19-77 NEIC 
772403 35 cm 9-19-77 - NEIC 
772403 50 cm 9-19-77 NEIC· 

772404 surface 9-19-77 NEIC. 
772404 32 cm 9-19-77 NEIC 
772404 82 cm 9-19-77 NEIC 

772405 surface 9-19-77 NEIC 
772405 3S c:m 9-19-77 NEIC 
772405 65 cm 9-19-77 NEIC 

772406 surface 9-1"9-77 NEIC 
772406 mid-depth 9-19-77 NEIC 
772406 73 cm 9-19-77 NEIC 

LITTLE MENOMONEE RIVER 

Methylene 
Chloride 

Extractable 
mg(kg 

2,500 

7,900 
2,400 

9,800 
15,400 
1,700 

9,200 
2,100 

11,100 

8,500 
4,300 
1,000 

5,900 
13,100 
4,200 

9,000 
31,800 
3,800 



'\ - -Appendix A-3 
EXISTING SEDIMENT SAMPLE DATA - LITTLE MENOMONEE RIVER 

Methylene 
Chloride 

Extractable 
(Ory Weight) 

Sample location Date Sampler mg/kg 

772407 0-1.5 ft 9-19-77 . NEIC 23_, 700 
772407 5-6.5 ft 9-19-77 -•NEIC.; · 
772407 10-11.5 ft 9-19-77 NEic-~ 

772408 surface 9-19-77 NEIC 4~500 
772408 50 cm 9-19-77 NEIC 4,400 
772408 69 cm 9-19-77 NEIC- 3,500 

772409 surface 9-19-77 . NEIC 800 
772409 40 cm 9-19-77 NEIC- 4,800 
772409 69 cm 9-19-77 NEIC 4,300 

772410 surface 9-19-77 NEIC 5,300. 
772410 42 cm 9-19-77 NEIC 3,100 
772410 68 cm 9-19-77 NEic· ' 1,S00 

772413 S-6.S ft 9-19-77 NEIC 1,700 
772413 10-11.s ft 9-19-77 NEIC 

772414 surface 9-19-77 NEIC- 71,000 
772414 38 c:m 9-19-77 . , NEIC. 10,400 
772414 55 cm 9-19-77 NEIC 34,300 

772415 surface 9-19-77 'NEIC 12,900 
77241S so c:m 9-19-77 NEIC 
772415 60 c:m 9-19-77 .NEIC 

772416 surface 9-19-77 NEIC 20,000 
772416 40 cm 9-19-77 NEIC 5,300 

772417 surface 9-19-77 NEIC 1,300 
772417 30 cm 9-19-77 NEIC 2,400 
772417 60 cm 9-19-77 NEIC 2,200 

7724'1.9 0-1.s ft· 9-19-77 NEIC 
772419 · S-6.S ft 9-19-77 NEIC 
772419 10-11.s ft 9-19-77 NEIC 

772420 surface 9-19-77 NEIC 40,200 
772420 so cm 9-19-77 NEIC 19,300 
772420 75 c:m 9-19-77 NEIC 13,600 

772421 surface 9-19-77 NEIC 10,500 
772421. 47 c:m 9-19-77 NEIC 3,800 
772421 72 c:m 9-19-77 NEIC · 2,200 

r. 772422 surface 9-19-77 NEIC. 4;900· 
1 772422 33 cm 9-19-77 NEic·· 6,200 
' L_ 772422 73 cm 9-19-77 NE-IC. 2,200 

/'" 
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Appendix A-3 
EXISTING SEDIMENT SAMPLE DATA - LITTLE MENOMONEE RIVER 

Methylene 
Chloride 

Extractable 
<Dry Weight) 

Sample location Date Sampler mg/kg 

772426 
772426 

-;·r2427 
772427 

772430 
772430 
772430 

772431 

surface 
70 cm 

surface 
60 cm 

surface 
·52 cm 
60 cm 

surface 

9-19-77 
9-19-77 

9'-19-77 
9-19-77 

9-19-77 
9-19-77 
9-19-77 

772431 30 cm 
9-19-77 
9-19-77 
9-19-77 
9-19-77 
9-19-77 

772431 55 cm 
772431 5-6.5 ft 
772431 10-11.5 ft 

772432 
772432 
772432 

772433 
772433 
772433 

772434 
772434 
772434 

772435 
772435 
772435 

772436 
772436 
772436 

772437 
772437 
772437 

772438 
772438 
772438 

77-2439 
772439 
772439" 

surface 
36 cm 
58 cm 

surface 
40 cm 
-- cm 

surface 
40 cm 
70 cm 

surface 
40 cm 
70 cm 

9-19-77 
9-19-77 
9-19-77 

9-19-77 
9-19-77 
9-19-77 

9-19-77 
9-19-77 
9-19-77 

9-19-77 
9-19-77 
9-19-77 

surface· 9-19-77 
SO cm 9-19-77 
BO cm 9-19-77 

surface 9-19-77 
32 cm 9-19-77 
65 cm 9-19-77 

surface 9-19-77 
52 .cm 9-19-77 
70 cm· 9-19-77 

surface 9-19-77 
38 cm 9-19-77 
70 cm 9-19-77 

772440 10-11.5 ft 9-19-77 

NEIC 
NEIC 

NEIC 
NEIC. 

NEIC 
NEIC 
NEic· 

NEIC 
NEIC 
NEIC 
NEIC 
NEIC 

NEIC 
, NEIC 
NEIC 

NEIC 
NEIC 
NEIC-

NEIC -
NEIC .. 
NEIC •. 

NEIC ··· 
NEIC. 
NEIC 

NEIC. 
NEIC 
NEIC 

NEIC. 
.NEIC 
NEIC 

NEIC· 
NEIC 
NEIC 

NEIC 
NEIC 

.NEIC -· 

NEIC 

72~900 
7,100 

279,009 
5,600 

2,400 
4,100 

1,900 
2,800 

11,200 
35,800 

8,800 

9,100 
1,700 
3,700 

19,700 
1,000 
1,000 

10,200 
1,100 

15,600 

8,600 
11,000 
2,800 

1,900 
·, 3,900 , 

3,100 

900 
25,300 
21,100 
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SAMPLE 
NO~ 

1 

2 

3 

' 

- -
TAIL£ 1 " 

KERA-MCGEE/MOSS•N4ERICAI SITE 

SAMPLE LOCATIONS 

(~r11 10, 1984) 

DESCRIPTION 

.4. 

Sampled top I in. ot soil of a bare spot 1n an ar,1 

of coar,e vegetat1an; location 1pprcximat1ly tht 

sarra as Well 07 1n Reference 1 • 

• 

Composite sa~le· of mounds. of black, oily nater11-l 

deposited on surface; loation bet..Nn fence· and 
C l NW tracks, south '>f Wel 1 01 1n Reference 1 • 

S..,lld top 12 fn. of sotl; location along fence 
lfne near southef'TIIIOSt access gate, in v1c1n1ty 
of Well 01. 

Sampled I sed11111nt fl"'Om drainage ditch on n~rth 
boundary of site, 85ft·. ""st of discharge to 
Ltttll MenOIIOflel River. 

. - ·•--· -· ... ,.... __ 
.. ~: .. ·a! :-.-~-...z. · 1 •-•· · • .• ,. ;, er a• t.:" 
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WI'\.£ 
NO. 

1 
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J: 

4 

-
TAIL£.2 

SNIP\.! NW.YS£S 

-

METHYL£M£ Ofl.ORID£ EXTMCt'AIW, 1111)/kt 
(ORY WT) 

98,800 
81.000 

(90,000 AVE) 

300,000 
481.000 

(390,000 AYE) 

C 1,QOO 

zo,aoa 
zz,a 

czz.000 AYE) 

An :.'it ; X ,: 

-s-

$ 

EJTAACTASLES 

9.0 

39.0 

C 0.1 

2.z 

NOTIS: 1. ,,acadure described on p. C-3 of Raftl"'lftca 1. 

z. Aftalyt1e&1 tedln1que •• veriffed by recovering knCMt ,mounts 
of c.-.01ote actdlcl to tlll saplff: the recovery var11d froa 65 
co 109 perctftt •. 

J. CNtOsota ,,. son •• 1atJ-1ctect. Values ,,_ the 1111lyses 

..... 1111 tlllft 1000· Ill/kt. 

' • -·· •··· .... • lbta..A =~ ' ,.A..,il)•a.,--.. \.-:~.~-- .'?:~ '•li'!L 
.... ~ ....... ·• ~ ·••4 ...... '"' • 
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Appendix B 
CLOSE SUPPORT LABORATORY (CSL) METHOD 

FOR SCREENING ANALYSIS FOR 
TOTAL CARBONS (TC) 

IN SOILS AND SEDIMENT 

Attachment B-1: Determination of Water (Moisture) 
Content of Soil. 

GLT595/12-5 



CLOSE SUPPORT LABORATORY (CSL) METHOD FOR 
SCREENING ANALYSIS FOR 

TOTAL CARBONS (TC) 
IN SOILS AND SEDIMENT 

1. SCOPE AND APPLICATION 

1.1 This quantitative·method is utilized for field 
screening of soils and sediments for total 
carbon as an indicator of.organic constituent 
contamination at the Moss-American site. It is 
presented here as~ means of rapidly characterizing 
field samples as part of the Field Sampling Plan. 

1.2· Application of this method is limited to the 
screening analysis for TC in soils and sediment. 

1.2.1 

1.2.2 

1. 2. 3 

The method measures volatile, semi­
volatile, and nonvolatile organic con­
stituents present in a sample as a group 
parameter. Characterization of specific 
organic contaminants in duplicate or 
similar composite samples may occur at 
remote laboratories employing EPA ap­
proved testing protocols. 

The data produced in the analysis allows 
the site investigation team to examine 
the relative degree of contamination 
associated with other sample constitu­
ents as found by the CSL or a remote 
laboratory. The TC content can be 
compared between samples spatially 
related to each other in vertical or 
horizontal planes and with background. 

The method does not distinguish carbon 
from mineral sources or humus sources in 
soil. from carbon of waste origin.. Both 
calcium, carbonate. (CaCO3 ) and ground. 
pine needles, if presen1:, would be 
measured as TC. 

1.3 The method detection limit for the method is 
estimated to be 0.02 percent. The analytical 
range is estimated to be from 0.02 to 93 percent 
(for triphenylmethane). The method is not appli­
cable to liquid samples such as water and 

1 
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' wastewaters having TCs in the parts per million 
range. 

2. SUMMARY OF METHOD 

' 2.1 The method presented here is a manual method 
adapted for field use from these sources: EPA/ 
CE-81-1, EPA/Corps of Engineers Procedures for 
Handling and Chemical Analysis of Sediment and 
Water Samples, TC Procedure for Sediment Sample·s, 
May, 1981; American Society of Testing and Mate­
rials, ASTM E777-81, Vol. 11.04, 1986 edition; 
and Commercial Methods of Analysis, Snell and 
Biffen, p. 282-284, 1964. 

2.2 In brief, a sample is ignited in a high tempera­
ture furnace in the presence of. pure oxygen con­
verting any carbon present to its combustion 
product, carbon dioxide. The carbon dioxide is 
absorbed on ascarite, sodium hydroxide· impreg­
nated mineral fibers. The carbon dioxide absorbed 
is determined gravimetrically using an analytical 
balance. The carbon dioxide weight gain is calcu­
lated to the carbon concentration in the sample. 
The configuration of the TC analysis train is 
shown in Figure 1. 

3. INTERFERENCES 

3.1 Carbon dioxide from the atmosphere and the oxygen 
can be absorbed by the ascarite and weighed. A 
trap is used to remove carbon dioxide prior to 
entering the furnace. An airtight system is main­
tained during the analysis to prevent gain from 
or loss to the atmosphere. 

3.2 Moisture can be absorbed by the ascarite and 
weighed. Traps are used for drying the oxygen 
supply to the furnace and the combustion offgas 
from the furnace prior to ascarite absorption of 
carbon dioxide •. 

3.3 Sulfur dioxide from combustion can be absorbed 
by the ascarite and weighed. A chromic acid 
trap is used to convert sulfur dioxide to sul­
fate and absorb it. 

.3. 4 Organics from equipment handling (fingerprints), 
airborne dust, cleaning residue, etc. can effect 
the results. Care will be used in cleaning. 
Forceps and tongs· will be used in handling equip­
ment. 

2 



3.5 Traces of analysis chemicals on the-outer sur­
faces of glassware-can absorb carbon dioxide 
and/or water. Outer surfaces will be.clean and 
dry. 

3.6 Sample drying or·excessive handling may result 
in the loss of volatile organic constituents 
which contribute to the TC. Whenev~r possible, 
sample analysis will be on an "as received" 
basis minimizing sample handling to obtain 
representative aliquots to analyze. 

3.7 Delayed analysis may result in loss of volatiles, 
biodegredation, or other physical-chemical changes 
effecting the TC results. In the event that 
analysis is delayed to the next day, samples 

4. SAFETY 

will be refrigerated and a notation given in the 
Data Analysis Book. 

4.1 All samples are assumed to be hazardous from 
their acidity and/or individual constituents 
within the sample. They may contain known or 
suspected carcinogens. Samples shall be handled 
with utmost care using good laboratory techniques 
in order to avoid harmful exposure. Samples 
shall be prepared in a fume hood. 

~.2 _Lab analysts shall wear lab coats, safety glasses, 
and surgical gloves when preparing and handling 
chemicals, standards, and samples. Safety equip­
ment, including a fire extinguisher, first aid 
kit, eye·wash, and chemical spill clean-up kit 
shall be available for use at all times during 
operation of the CSL. 

4.3 The toxicity or carcinogenicity of each reagent 
used in this method has not been precisely de­
fined~ however, each chemical compound shall be 
treated as a potential health hazard. Exposure 
must be reduced by whatever means available in­
cluding those discussed above. Analysts shall 
read and observe guidance from the Material 
Safety Data Sheets (MSDS) provided by suppliers 
on initial purchase of reagents. While not as 
comprehensive as the MSDS, the following describes 
some important safety information. 

4.3.1 Chromic acid is a combination of concen­
trated sulfuric acid and potassium di­
chromate. Even when cold, the solution 
can cause irritation and ulceration.· It 

3 
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4.4 

4.3.2 

4.3.3 

is a powerful oxidizer for almost all . 
organic substances. Pathways of exposure 
are oral and dermal. Potassium dichro­
mate is a corrosive poison. Pathways of 
exposure of the dry salt are oral, 
dermal, and airway. Sulfuric acid is a 
corrosive liquid with a high affinity 
for water· abstracting water from air and 
organic substances with simultaneous · 
charring. Contact with the skin may resuli 
in severe burns and contact with the 
eyes may result in loss of vision. Wheri 
diluting, add the acid slowly to water 
(not the reverse) to avoid boiling and 
spattering. When hot, the acid decom­
poses into sulfur trioxide, which is 
corrosive to the respiratory tract. 

Ascarite is sodium hydroxide coated on a 
mineral fiber. Sodium hydroxide is cor­
rosive to all tissues. Contact with the 
skin may result in severe burns or con­
tact with the eyes may result in loss of 
vision. Pathways of exposure are oral, 
dermal, and airway. Inhalation may 
cause damage to the ~espiratory tract. 
Evidence of dermal contact is the slip­
pery feel of saponified fats from the 
action of sodium hydroxide on skin mater­
ial. Sodium hydroxide generates heat on 
dissolving with the potential for corro­
sive mists. Ascarite rapidly absorbs 
water and.carbon dioxide from the air; 
spills will be evidenced by corrosive 
drops on spill surfaces. The mineral 
fibers may be carcinogenic. Avoid 
inhalation! 

Magnesium perchlorate is a hygroscopic 
powder having strong oxidative proper­
ties. Pathways of exposure are oral, 
dermal, and airway. 

Spilled or spent reagents require care in dis­
posal. Ascarite absorber material shall be 
deposited in the drum marked "CSL Lab Wastes 
Only--Hazardous". Chromic acid and magnesium 
perchlorate shall be removed from their absorbers 
and shall be carefully diluted with water fol­
lowed by.flushing down the.sink with large vol­
umes of tap water. Acid spills require acid 
spill kit application and/or water. Spill 
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surfaces need a final cleaning with a damp towel 
followed with a dry one. 

4.5 An oxygen cylinder is a potential bomb. The 
cylinder shall be secured by a chain such that 
the uncapped cylinder cannot fall over. As a 
combustion support, oxygen shall not be released 
to the lab atmosphere at rates exceeding the 
short term maximum that is required by the test, 
estimated to be 500 ml/minute. 

4.6 The furnace combustion tube and boat with spent 
sample are at times above temperatures of 
1000 degrees C. Severe burns occur at these 
temperatures. Care shall be taken to avoid di­
rect contact with these hot surfaces. Use heat 
resistant gloves as a precaution against acci­
dental contact. Handle the boat and spent sample 
with the furnace tool, forceps, and heat resis­
tant surface (metal or transite plate). Have 
ice cubes ready for application on minor burns . 

.5 • APPARATUS AND MATERIALS 

5.1 Tube Furnace--Lindberg, single heating zone, 
split furnace controlling temperatures. at· 
1000-1300 degrees C. 

5.2 Balance--Sartorius, top-loading, electronic bal­
ance, 1500 gm capacity with 0.01 gm sensitivity 
for sample preparation. 

5.3 Balance--Sartorius, analytical electronic bal­
ance, 0.0001 gm sensitivity, minimum 110 gm 
capacity. 

5.4 

5.5 

5.6 

5.7 

Furnace Combustion Tube--McDanel, one reduced 
end, 22mm I.D. X 29mm O.D. X·30 cm L, maximum 
working temperature of 1400 degrees C. 

Combustion Boats--Fisher, heavy gauge nickel 
boats, minimum 2 in number, 89 mm L X 16 mm W X 
9.5 mm D, hole to facilitate removal at one eLj. 

Combustion Boats--Fisher, ceramic disposable 
boats and boat covers essentially free of car­
bon, 95 mm L X 13 mm W X 11 mm D for use with 
oily samples. 

Oxygen (02) Purifying Train--between the o2 cylinder and the furnace. 
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5.7.1 

5.7.2 

5.7.3 

Water Absorber--Gas drying cylinder con­
taining indicating Drierite. 

Carbon Dioxide (CO 2 ) Absorber--Drying 
tube or U-tube con~aining Ascarite. 

Water Absorber--Drying tube containing 
Aquasorb .. 

5.8 Offgas Purifying Train--after the furnace. 

5.9 

5.10 

5.8.1 

5.8.2 

5.8.3 

Acid Trap--Fisher, bubble counter con­
taining no reagent for preventing acid 
carry back into the furnace. 

Water Absorber/Flow Rate Indicator-­
Fleming absorption bulb containing 
chromic acid. 

Water Absorber--U-tube containing magne­
sium perchlorate, Mg(Cl04) 2 • 

Carbon Dioxide Absorption Tower--Either a Nesbitt 
bulb for a 160 gm capacity balance, or a Stetser­
Norton·bulb for a 110 gm capacity balance. 

Misce11·aneous Items--Filter wool for fish aquaria 
filters, one quarter inch amber latex tubing, 
rubber stoppers, needle valve gas flow controller, 
forceps, timer, plate (transite or metal), fur­
nace tool (straightened coat hanger with 4 mm 
right angle bend at one end), glass funnels and 
rods, pipets, mortar and pestle. 

6. CHEMICALS, REAGENTS, AND GASES 

6.1 Oxygen--99.99 percent pure, water less than 
5 ppm, hydrocarbons less than 1 ppm, carbon 
monoxide less than 0.2 ppm, and carbon dioxide 
less than 0.5 ppm, metal-oxide semi-conductor 
grade or better, complete with two stage oxygen 
regulator or nitrogen regulator with an adapter. 

6.2 Combustion Boat Reagents· 

6.2.1 

6.2.2 

Alundum--Reagent grade, 60 mesh, contain­
ing less than 0.0015 percent carbon. 

Tin--Reagent grade, 20 mesh fine grain, 
containing less than 0.0015 percent car­
bon. 
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6.3 Absorber Reagents 

6.3.1 

6.3.2 

6.3.3 

6.3.4 

6.3.5 

6.3.6 

6.3.7 

Drierite--Self indicating, 10-20 mesh. 

Ascarite--Self indicating, 20-30 mesh. 

Aquasorb--Indicating phosphorous pentoxide 
pre-packed in orying tube. 

Magnesium Perchlorate--Reagent grade, 
anhydrous, salt, granular. 

Sulfuric Acid--Reagent grade, concen­
trated acid at 95-98 percent composition. 

Potassium Dichromate--Reagent grade. 

Chromic Acid--Made in the lab by adding 
some potassium dichromate to the concen­
trated sulfuric acid bottle and mixing 
in order to obtain a saturated solution 
having undissolved dichromate crystals 
in the bottom. 

6.4 Carbon Standards 

6.4.1 

6.4,.2 

6.4.3 

Dextrose--Reagent grade, anhydrous powder, 
40.00 percent carbon. 

Potassium Hydrogen Phthalate (KHP) --· 
Reagent grade, primary standard, 
47.05 percent carbon. 

Performance Check--5 percent wt/wt con­
centration made with 12.5 gm dextrose 
and 87.5 gm Bentonite, 20-200 mesh, well 
ground and mixed with a mortar and 
pestle. 

Reference Sample--National Bureau of: 
Standards (NBS), Standard Reference 
Material (SRM), if available. 

7. CALIBRATION 

7.1 

7.2 

7.3 

Calibration is not conducted as with instru­
mental.methods because this method is a manual 
gravimetric determination. 

System stability and performance checks are dis­
cussed under ANALYSIS PREPARATI_ON and QUALITY 
ASSURANCE. 

Balances will be calibrated using NBS Class 5-1 
weights. 
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8. SAMPLE PREPARATION 

8.1 Mix the sample in its container with a clean 
glass rod to obtain homogenous, representative 
sub-samples. Perform this in the fume hood. 

8.2 If necessary, break lumps into unLformly small 
size using a mortar and pestle located in the 
fume hood. 

8.3 If rocks are present in the sample, remove them 
using forceps. Weigh the rocks and remaining 
sample recording the weights in both the Sample 
Log Book and the Analysis Data Book. 

8.4 Details for sample receiving, storage, and dis­
posal are described under a separately prepared 
standard operating procedure entitled SAMPLE 
HANDLING. 

9. SYSTEM PREPARATION--See Figure 1 

9.1 Connect copper tubing from the two-stage oxygen 
regulator to the needle valve gas flow control 
near the furnace. 

9.2 Assemble the oxygen purifying train in the order 
listed in 5.7 using amber latex tubing from the 
needle valve through the train to a glass tube 
in a rubber stopper which fits the open end of 
the combustion tube • 

9.3 

9.4 

9.2.1 .Use filter wool at each end of the 
absorbing tubes to prevent movement of 
the absorbents, Ascarite or Drierite. 

Assemble the combustion offgas purifying train 
in the order listed in 5.8 using amber latex 
tubing from the reduced end of the combustion 
tube through the train to the carbon dioxide 
absorber. 

9.3.1 

9.3.2 

Carefully pipet 20 ml of chromic acid 
into the Fleming absorption bulb. 

Use filter wool at each end of the 
U-tube to prevent movement of the magne­
sium perchlorate. 

Assemble the carbon dioxide absorption tower 

9.4.1 Place filter wool in the bottom 5 mm of 
the Nesbitt or Stetser-Norton bulb. 
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9.4.2 

9.4.3 

9.4.4 

9.4.5 

Using a glass funnel, add 5 mm depth of 
magnesium perchlorate on the top of the 
filter wool. 

Mix the Ascarite by shaking in its ori­
ginal container. Using a glass funnel, 
add Ascarite on top of th~ magnesium 
perchlorate. Add to a depth such that 
the final weight of the absorber will be· 
at least 10 gms less than the capacity 
of the analytical balance. 

Using a glass funnel, add another 5 mm 
depth of· magnesium perchlorate on top of 
the Ascarite. 

Place 5 mm of filter wool on top of the 
magnesium perchlorate. 

10. ANALYSIS PREPARATION 

10.1 

10.2 

10.3 

10.4 

10.5 

Turn on furnace to allo.w it to warm up to 
1000-1300 degrees C. Leave the furnace on all 
the time to allow analysis without waiting for 
the furnace to warm up. Temperatures in excess 
of 1400 degrees C may damage the combustion tube. 

Turn on the first stage oxygen cylinder valve to 
full tank pressure. Adjust the second stage 
reducing valve to 20 psi. Replace the oxygen 
cylinder when the tank pressure falls below 
25 psi. 

Close the needle valve control and check for 
leaks in the system from the oxygen cylinder to 
the needle valve. 

Adjust the overall system oxygen flow rate to 
approximately 100 ml/minute using the needle 
valve control; the flow is indicated by a steady 
stream of bubbles in the chromic acid in the 
Fleming absorption bulb. Too much oxygen flow 
(500 ml/min) is indicated by violent bubbling at 
the chromic acid surface. 

Analyze consecutive blanks consisting of a boat 
containing alundum in accordance with the pro­
cedure detailed in the following section ANALYSIS. 
System stability is shown by a carbon dioxide 
absorber weight difference of less than 0.0015 gm, 
the detection limit for a 2 gm sample. 
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10.6 Analyze consecutive standards in accordance with 
the procedure in the following section, ANALYSIS. 
Initial calibration shall be indicated by two 
consecutive TOC values within 2 percent of the 
theoretical value. Alternate dextrose and 
potassium hydrogen phthalate (KHP) standards 
every other day. Two percent represents plus or 

·minus 0.80 percent for dextrose and plus or 
minus 0.90 percent for KHP. 

11. ANALYSIS 

11.1 Fill a boat with alundum. Use a nickel boat for 
routine determinations; use a disposable boat 
with cover for oily samples. 

11.2 Use a spatula tip to make groove in the center 
of alundum along the length of the boat within 
5 mm of each end. 

11.3 Lay down a fine line of granular tin into the 
groove in such a manner that the tin particles 
touch each other. To economize weigh the tin 
for the first few analyses to determine the mini­
mum amount of tin necessary for the type of boat 
used. 

11.4 Weigh an appropriate size sample into the pre­
pared boat distributing the sample along t_he 
length of the fine line of tin. Use the balance 
taring feature and record the weight to the 
nearest 0.1 mg (0.0001 gm). 

11.4.1 Appropriate size samples should yield 
less than 0.200 gm of carbon dioxide: 

grams 
sample 
2.0 

.1. 0 
0.75 
0.50 

percent 
carbon 

0-1 
1-2 
2-T 
7-10 

grams 
sample 
0.25 
0.15 
0.10 

percent 
carbon 

10-20 
20-35 

over 35 

These sample sizes are recommended for 
reasons of representativeness, absorp­
tion efficiency, and absorber recharge 
minimization. Carbon dioxide yields 
greater than 0.200 gm may provide data 
of equivalent quality. 

11.4.2 Samples may be weighed directly into the 
boat or into a weighing device (glassine, 
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plastic boat) if a quantitative transfer 
to the boat can be accomplished. 

11.5 Lay down another fine line of granular tin on 
top of the sample in the same manner and amount 
as 11.3. It is not necessary to cover the 
sample with tin. _Take care to avoid having the 
tin contact the side of the boat. 

11.6 Crack open the carbon dioxide absorption tower 
(absorber) for 10 seconds to equilibrate to 
atmospheric pressure. Close and weigh, record­
ing the weight to the nea-rest 0.1 mg (0.0001 gm). 
Place the absorber near the end of the combus­
tion train. 

11.7 Using forceps, place the boat in the cool por­
tion of the furnace allowing sufficient clear­
ance for the rubber stopper. 

11.8 Insert the rubber stopper into the combustion 
tube and adjust the system flow rate as in 10.4. 

11.9 After 30 seconds, open the carbon dioxide 
absorber. Connect the absorber to the tubing 
from the combustion gas purifying train taking 
care that the connection allows gas flow from 
the bottom of the absorber and venting to the 
atmosphere at the top of the absorber. 

11.10 Remove the stopper and push the entire boat into 
the red hot zone of the tube using the furnace 
tool. 

11.11 Insert the stopper, start the timer, and wait 
for combustion to occur. Generally, but not 
always; this occurs within 2 or 3 minutes. Evi­
dence of combustion is reduced oxygen bubbles in 
the chromic acid followed by chromic acid rise 
in the Fleming bulb caused by the· vacuum created 
by rapid oxygen consumption during combustion. 

11.12 It is IMPERATIVE that a POSITIVE OXYGEN FLOW 
.RATE BE MAINTAINED OVER THE ENTIRE COMBUSTION 
PERIOD estimated to be 2 minutes in duration. 
From the first moment that reduced flow is ob­
served, add increasing amounts of oxygen by 
opening the needle control valve while trying to 
maintain a near constant bubble rate in the 
chromic acid. But, do not add so much oxygen as 
to cause violent bubbling. 

11 
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11.12.1 Too little oxygen flow can result in 
chromic acid being pulled back· into the 
tubing, safety trap, and, perhaps, the 
combustion tube itself. This will negate 
the test results. Additionally, a safety 
hazard will occur should the acid crack 
the combustion tube and fill the lab 
with acid fumes. 

11.12.2 Too much oxygen flow can result in break­
ing a seal in the system or poor carbon 
dioxide absorption from the channeling 
in the ascarite. 

11.13 When combustion ceases as evidenced by increased 
bubbling, reduce the oxygen flow to around 100 ml/ 
minute as before. 

11.14 Allow 5 minutes for complete carbon dioxide absorp­
tion. Use this time to weigh another boat and 
sample for the next determination. 

11.15 Disconnect the carbon dioxide absorber, close 
its stopper, and place it by the analytical bal­
ance allowing 5 minu~es for equilibration. Do 
11.16 during this period. 

11.16 Remove the boat from the combustion tube. using 
the furnace tool to slide it onto a heat resis­
tant plate. CAUTION! SEE SAFETY SECTION 4.6. 

11.17 Crack open the carbon dioxide absorber for 10 sec­
onds, close, and weigh as in 11.6. 

11.18 Remove most of the combustion residue from the 
(first) boat using forceps. Traces of residue 
will not interfere with the next test because 
they are essentially free of carbon. 

11.19 Replenish the alundum in the boat •. 

11.20 Continue analysis as in 11.2. 

CALCULATIONS 

For each soil sample, a fraction will be analyzed for 
TC and a fraction will be analyzed for moisture content. 
Percent moisture w1ll be determined in accordance with 
ASTM Method D2216-80; please see attachment C-1 for 
procedure and calculation of moisture content. Once 
percent moisture has been calculated, analytical results 
for TC will be reported on a dry weight basis. 
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Percent carbon on an as-received or wet basis: 

% Carbon =DX 27.29 
wet basis A 

where (weights expressed in grams): 

A= Sample weight 
B = Final absorber weight 
C = Initial absorber weight 
D = B - C = weight of carbon dioxide 

27.29 = 12.011 (molecular weight of carbon) 

12.2 

44.011 (molecular weight of carbon dioxide) 

Percent carbon on a dry weight basis: 

% Carbon = E 
dry basis F 

where: 

E = Percent carbon on a wet weight basis 

F = Fraction of solids=% Solids 
100 

= 100 - % Moisture 
100 

13. QUALITY ASSURANCE REQUIREMENTS 

13.1 

13.2 

13.3 

Detection Limit--0.02 percent carbon for 2 gm 
sample. If using a smaller sample and have less 
than 0.0015 gm of absorbed carbon dioxide, rerun 
the analysis with 2 or more gm of sample. If 
result is· below the method detection limit report 
"BMDL. II 

Blanks--absorber weight gain of less than 0.0015 gm. 

13'. 2:. l Initial Blanks--wi thout tin as in 1 O. 5. 

13.2.2 Continuing Blanks--with normal propor­
tion of tin performed at a frequency of 
1 in 10 or 1 per day if less than 10 sam­
ples are analyzed. 

Calibration Standards--plus or minus 2 percent 
of theoretical value for initial calibration as 
in 10.6 and final calibration performed at the 
end of each day's analyses. 
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13.5 

13.6 

13.7 

13.8 

Precision--duplicates of plus or minus 20 per­
cent RPO performed at a frequency of 1 in 10 
field samples or 1 per day if less than 10 sam­
ples are analyzed. 

Accuracy--spikes of 75-125 percent spike recovery 
performed at a frequency of 1 in 10 field samples 
or 1 per day if less than 10 samples are analyzed. 

Accuracy--reference sample of plus or minus 10 per~ 
cent of NBS certified value performed at a rate 
of 1 in 20 field samples analyzed (not per day), 
if the reference material is available. 

Accuracy--performance check sample (6.4.3) of 
plus or minus 10 percent of the calculated value 
performed at a rate of one per day. 

If any or all parts of 13.2-13.7 are out of com­
pliance, then the cause will be determined and 
corrective action taken. Record the out-of­
compliance event and remedy in the data log book. 
Rerun all samples analyzed while the system was 
out of compliance. 

13.8.1 Potential problems and their solutions-­
Check for system leaks. Recharge chromic 
acid, magnesium perchlorate, Drierite,. 
Aquasorb, or Ascarite absorbers before 
their absorption capacities are exceeded. 
The carbon dioxide absorbent, Ascarite, 
changes from brown to white; recharge 
the absorber when the white absorption 
front reaches within 10 mm of the upper 
surface. 

13.9 Quality assurance calculations: 

13.9.1 Relative percent difference, RPO 

% RPO= 01 02 X 100 

where: 

13.9.2 

01 + 02 
2 

01 = First duplicate. 
02 = Second duplicate 

Spike recovery, R 

% R = SSR - SR X 100 
SA 
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where (results in percent): 

where: 

SSR = Spiked sample result 
SR= Sample result 
SA= Spike _added= spike gm X F X 100 

spike gm+ sample gm 

F = 0.4000, fraction of carbon in dextrose, 

or 

F = 0.4700, fraction of carbon in KHP 

14. TYPICAL DAILY ANALYTICAL SEQUENCE 

14.1 Assume a 20 sample per day workload: 

14.1.1 Initial blank without tin 

' 

GLT595/39 

14.1.2 Initial blank without tin (if needed as 

14.1.3 

14.1.4 

14.1.5 

14 .1. 6 

14.1.7 

14. 1.8 

14.1.9 

in 10.5) 

Initial standard--Dextrose or KHP on 
alternating days 

Initial standard as in 14.1.3 

Field samples 1 through 10 (maximum) 

Duplicate of one of the samples in 14.1.5 

Spike of the same sample in 14.1.6 

Daily performance check sample 

Reference sample (if available and if 
needed for 1 in 20 requirement) 

14~i~10 Continuing blank with tin 

_14.1.11 Field samples 11 through 20 (maximum) 

14.1.12 Duplicate of one of samples in 14.1.11 

14.1.13 Spike of the same sample in 14.1.12 

14.1.14 Continuing blank with tin 

14.1.15 Final standard--same as 14.1.3 
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AMCRICAN NAHONAl 
SIANDARD 

ASTM D 2216- 80 

Standard Method for 

LABORATORY DETERMINATION OF WA TEA (MOISTURE) 
CONTENT OF SOIL, ROCK, AND SOIL-AGGREGATE 
MIXTURES' 

This s1andard is issued under 1he fixed designa1ion D 2216: lhe number immcJia1ely following lhe Jesignation indicates the 
year of original adop1ion or. in the case of revision, the year oflasl revision. A. number in parentheses indicates the year of last 
reapproval. 

l. Scope 

1.1 This method covers the laboratory deter• 
mination of the water (moisture) content of 
soil. rock, and soil-aggregate mixtures by 
weight. For simplicity, the word "material" 
hereinafter refers to either soil. rock, or soil­
aggregate mixtures, whichever is most applica­
ble. 

1.2 The water content of a material is de­
fined as the ratio, expressed as a percentage, of 
the mass of "pore" or "free" water in a given 
mass of material to the mass of the solid ma­
terial particles. 

1.3 This method docs not give true repre­
sentative results for: materials containing sig­
nificant amounts of halloysite. montmorillon­
itc, or gypsum minerals; highly organic soils; 
or, materials in which the pore water contains 
dissolved solids (such as salt in the case of 
marine deposits). For a material of the previ­
ously mentioned types. a modified method of 
testing or data calculation may be established 
to give results consistent with the purpose of 
the:test 

2. Summary of Method 

2.1 The practical application in determining 
the water content of a material is to determine 
the mass of water removed by drying the moist 
material (test specimen) to a constant mass in 
a drying oven controlled at 110 ± 5°C and to 
use this value as the mass of water 'in the test 
specimen. The mass of material remaining after 
oven-drying is used as the mass of the solid 
particles. 

3. Significance and Use 

3.1 For many soil types. the water content is 
one of the most significant index properties 
used in establishing a correlation between soil 
behavior and an index property. 

3.2 The water content of a soil. is used in 
almost every equation expressing the phase 
relationships of air, water, and solids in a given 
volume of material. 

3.3 .Iii fine-grained (cohesive)° soils, the con­
sistency of a given soil type depends on its 
water content. The water content of a soil, 
along with its liquid and plastic limit, is used to 
express its relative consistency or liquidity in­
dex. 

3.4 The term "water" as used in geotechnical 
engineering, is typically assumed to be "pore" 
or "free" water and not that which is hydrated 
to the mineral surfaces. Therefore, the water 
content of materials containing significant 
amounts of hydrated water at in-situ tempera­
tures or less than l l0°C can be misleading. 

3.5 The term "solid particles" as used in 
gcotcchnical engineering, is typically assumed 
to mean naturally occurring mineral particles 
that arc not readily soluble in water. Therefore, 
the water content of materials containing extra­
neous matter (such as cement, etc), water-sol­
uble matter (such as salt) and highly organic 

1 This me1hod is under lhe jurisdiction of A.STM Com­
miuee D-18 oo Soil and Rock and is lhe direct rcspoosibilily 
ofSubcommiuee D18.03 on Tex1ure, Plas1ici1y and Density 
Characteristics of Soils. 

Cum:nl edi1ioo approved May JO. 1980. Published July 
1980. Originally published as D 2216 -63 T. Last previous 
edition D 2216 - 71. 
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matter typically require special treatment or a 
qualified definition of water content. 

4. Apparatus 

4.1 Drying Oven, thennostatically-con­
trolled, preferably of the forced-draft type, and 
maintaining a uniform temperature of 11 O ± 
5°C throughout the drying chamber. 

4.2 Balances, having a precision (repeatabil­
ity) of ±0.01 g for specimens having a mass of 
200 g or less, ±0.1 g for specimens having a 
mass of between 200 and 1000 g. or ± I g for 
specimens having a mass greater than 1000 g. 

4.3 Specimen Containers-Suitable con­
tainers made of material resistant to corrosion 
and a change in mass upon repeated heating, 
cooling, and cleaning. Containers with close­
fitting lids shall be used for testing specimens 
having a mass of less than about 200 g; while 
for specimens having a mass greater than about 
200 g. containers without lids may be used 
(Note I). One container is needed for each 
water content determination. 

Non! I-The purpose of close-fitting lids is to 
pr~~t loss of moisture from specimens before initial 
we1gh1ng and to prevent absorption of moisture from 
the_ at_mosphere following drying and before final 
weighing. 

4.4 Duiccator-A desiccator of suitable size 
(a convenient size is 200 to 250-mm diameter) 
~ntaining a hydrous silica gel This equipment 
IS only recommended for use when containers 
having close-fitting lids are not used. See 7 .4.1. 

S. Samples 

5.1 Keep the samples that arc stored prior to 
testing in noncorrodible airtight containers at 
a temperature between approximately 3 and 
30°C and in an area that prevents direct contaa 
with sunligbL 

5.2 · 1bc water content determination should 
be· done u soon as practicable after sampling, 
especially if potentially corrodible coataiDC1'5 
(such as steel thin-walled tubes. paint cans, etc.) 
or sample bags arc used. 

6. Test Specimen 

6.1 For watCI' contents being determined in 
conjunction with another ASTM method. the 
method of specimen selection specified in that 
method controls. 
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6.2 The manner in which the test specimen 
is selected and its required mass is basically 
depen~ent on the purpose (application) of the 
test, type of material being tested, and the type 
of sample (specimen from another test, bag, 
tube, split-barrel. etc.). In all cases, however, a 
representative portion of the total sample shall 
be selected. If a layered soil or more than one 
soil tn,e is encountered, select an average por­
tion or individual portions or both, and note 
which portion(s) was tested in the report of the 
results. 

6.2. l For bulk samples, select the test speci­
men from the material after it has been thor­
oughly mixed. The mass of moist material SC· 

lected shall be in accordance with the following 
table: 

Sieve Retaining Mo~ Than 
About IO-.ofSample 

2.0 mm (No. 10) sieve 
4.7S mm (No. 4) sieve 
19mm 
38mm 
76mm 

Recommended Minimum 
Mass of Moist Specimen. 

g 
.. 100 to 200' 

300 to S00 · 
. SOO to 1000 i 
ISOO to 3000 
S000 to 10 000,,. 

6.2.2 For small (jar) samples, select a repre­
sentative portion in acxordance with the follow­
ing procedure: 

6.2.2. l For cohesionless soils, thoroughly 
mix the material, then select a test specimen 
having a mass of moist material in accordance 
with the table in 6.2.1. See Note 2. 

6.2-2.2 For cohesive soils, remove about 3 
mm of material from the exposed periphery of 
the sample and slic:lC it in half (to check if the 
material is layered) prior to selecting the test 
specimen. If the soil is layered see 6.2. The 
mass of moist malCl'ial selected should not be 
less than 25 g or should be in accordance with 
the table in 6.2.1 if coarse-grained particles are 
noted. (Note 2). 

6.3 Using a ~ specimen smaller than the 
minimum mass indicated previously requires 
discretion. though it may be adequate for the 
purpose of the test. A specimen having a mass 
less than the pRViously indicated value shall 
be noted in the report of the results. 

Non 2-ln maay ca-. wbcn worting witb a 
~ sam~ ~~ning a relatively large c:oane­
grat~ ~ tl as •~priate not to iadude this 
panide m tbe tcsa speamen. If this oa:urs. it should 
be noted in the report of the results. 
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7. Procedure 

7.1 Select representative test specimens m 
accordance with Section 6. 

7.2 Place the moist specimen in a clean, dry 
container of known mass (Note 3), set the lid 
securely in position, and determine the mass of 
the container and moist material using an ap­
propriate balance (4.2). Record these values. 

7.3 Remove the lid and place the container 
with moist material in a drying oven main­
tained at I IO± 5°C and dry to a constant mass 
(Notes 4, 5, and 6). 

NOTE 3-To assist in the oven-drying of large lest 
specimens. they should be placed in containers hav­
ing a large surface area (such as pans) and the 
material broken up into smaller aggregations. 

NoTE 4-The time required to obtain constant 
mass will vary depending on the type of material, 
size of specimen, oven type and capacity, and other 
factors. The influence of these factors generally can 
be established by good judgment, and experience 
with the materials being tested and the apparatus 
being used. In most cases, drying a test specimen over 
night (about 16 h) is sufficient. In cases where there 
is doubt concerning the adequacy of drying. drying 
should be continued until the mass after two succes­
sive periods (greater than \'z h) of drying indicate an 
insignificant change (less than about 0.1 %). Speci­
mens of sand may often be dried to constant mass in 
a period of about 4 h, when a forced-draft oven is 
used. ' 

NOTE 5:....oven-drying at 110 :I: 5°C does not 
always result in water content values related to the 
intended use or the basic definition especially for 
materials containing gypsum or other minerals hav­
ing significant amounts of hydrated water or for soil 
containing a significant amount of organic material. 
In many cases. and depending on the intended use 
for these types of materials, it might be more appli­
cable to maintain the drying oven at 60 :I: S°C or use 
a vacuum desiccator at a vacuum of approximately 
133 Pa (10 mm Hg) and at a temperature ranging 
between 23 and 60°C for drying. If either of these 
drying methods are used, it should be noted in the 
repon of the results. 

NoTE 6-Since some dry materials may absorb 
moisture from moist specimens, dried specimens 
should be removed before placing moist specimens 
in the oven. However, this requirement is not appli­
cable if the previously dried s~ens will remain 
in the drying oven for an additional time period of 
about 16 h. 

7.4 After the material bas dried to constant 
mass remove the container from the oven and 
replace the lid. Allow the material and con­
tainer to cool to room temperature or until the 
container can be handled comfonably with 

bare hands and the operation of the balance 
will not be affected by convection currents. 
Determine the mass of the container and oven­
dried material using the same balance as used 
in 7.2. Record this value. 

7.4.1 If the container does not have a lid, 
weigh the container and material right after 
their temperatures arc such that the operation 
of the balance will not be affected by convec­
tion currents or after cooling in a desiccator. 

NOTE 7-Cooling in a desiccator is recommended 
since it prevents absorption of moisture from the 
atmosphere during cooling. 

8. Calculation 

8.1 Calculate the water content of the ma­
terial as follows: 

w. 
111 aa [(W, - W2)/(W2 - W,)] X 100 • - X 100 w. 

where: 
w = water content, %, 
W, = mass of container and moist specimen. 

g, 
W2 = mass of co1tainer and oven-dried spec-

imen, g, 
W, = mass of container, g, 
w. = mass of water, g, and 
w. = mass of solid particles, g. 

9. Report 

9.l The repon (data sheet) shall include the 
following: 

9.1.l Identification of the sample (material) 
being tested. by boring number, sample num­
ber, test number, etc. 

9.1.2 Water content of the specimen to the 
nearest 0.1 % or l %, depending on the purpose 
of the test. 

9.1.3 Indication of test specimen having a 
mass less than the minimum indicated in Sec­
tion 6. 

9.1.4 Indication of test specimen containing 
more than one soil type (layered. etc). 

9.1.5 Indication of the method of drying if 
different from oven-drying at 110 ± 5°C. 

9.1.6 Indication of any material (size and 
amount) excluded from the test specimen. 
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10. Precision and Accuracy curacy of this test method have not yet been 
10.1 Requirements for the precision and ac- developed. 

T1te American Society for Testing and Materials takes no position uspecting tire •alidity of any patent rights asserted in 
connection with any item mentioned in this standard. Users of this standard fUe expreuly advised that determination oJ tire ,a/idity 
of any such patent rights, and the risk of infringement of such rights, are entirely tlriir own responsibility. 

T1tis standard is subject to revision at any time by t_lre usponsible technical commilltt and mrm be re,iewed every five years 
and if not revised, eillter reappro•ed or withdrawn. Your comments are inviled either for ;e,ision of this standard or Jo, additional 
standards and should be addreued to A STM Headquarters. Your comments will recei•e careful consideration at a meeting of the 
responsible technical commi11ee, wlticlt you may al/end. If you fttl thal your comments have not recei,ed a fair hearing you should 
ma/ce your views known to the ASTM Committee on Standards, /9/6 Rlue St., Philadelphia. Pa. 1910], wlticlt will schedule a 
/uniter hearing regarding your comments. Failing satisfaction there. you may appeal 10 the A STM Board of Directors. 
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Appendix C 
GAS CHROMATOGRAPHY WITH FLAME 
IONIZATION DETECTION (GC/FID) 
STANDARD OPERATING PROCEDURE 

Prepared by CH2M HILL, rnc. 
Montogmery, Alabama for the 
Determination of PAH's and 

Phenolic Acids in Soil Matrix 
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THE DETERMINATION OF POLYNUCLEAR AROMATIC HYDROCARBONS 
AND PHENOLIC ACIDS IN SOIL MATRIX 

1. Scope and Application 

1.1 This method uses capillary gas chromatography with flame 
ionization detection (GC/FID) to -~creen soil samples for· the 
presence of selected polynuclear aromatic hydrocarbons <PAHs) 
and phenolic acids. The following compounds can be 
determined by this method. 

PAH Compounds 
Naphthalene 
Ac·enaphthylene 
Acenaphthene 
Fluorene 
F'henanthrene 
Anthracene 
Fluoranthene 
Pyr·ene 
Benzo(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo<g,h,i)perylene 

Phenolic Compounds 
Phenol 
2-Chlorophenol 
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichlorophenol 
4-Chloro-3-methylphenol 
2,4,6-Trichlorophenol --
2,4-Dini trophenol 
4-Nitrophenol 
4,6-Dinitro-2-methylphenol 
F'entachlorophenol 

CAS No. 
91-20-3 

208-96-8 
83-32-9 
86-73-7 
85-01-8 

120-12-7 
206-44-0 
129-00-0 
56-55-3 

218-01-9 
205-99-2 
207-08-9 
50-32-8 

193-39-5 
53-70-3 

191-24-2 

108-·~5-2 
95-57-8 
88-75-5 

105-67-9 
120-83-2 
59-50-7 
88-06-2 
51-28-5 

100-02-7 
534-52-1 
87-86-5 

1.2 This method is a quick and efficient determination of the 
compounds listed above. Compound identifications are based 
upon retention times only. And for this reason, compound 
ide~tifications .shoul~ be supported by an additional 
qualitative technique. EPA Method _625 provid~s a gas 
chromatography/mass spectrometer <GC/MS> analysis which may 
be used to confirm result~ produced by this screening method. 
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1.3 The method detection limits (MOLs> for the various compounds 
have not been determined. The. MDL for each compound will 
certainly be dependent upon the nature of interferences co­
extracted from the matrix. For sails not heavily 
contaminated, most compounds are detectable at the one part 
per million level or lower. 

1.4 The use of this method must be restricted to those analysts 
experienced with capillary gas chromatography and the use of 
multiple internal standard analysis. 

2. Summary of the Method 

2.1 Appraximately one gram of soil is weighed into a tared 15-mL 
screw-cap vial already containing appro~imately 10 grams of 
anhydrous sodium sulfate. The soil and drying salt are mixed 
with a spatula until a sandy texture is achieved. This 
mixing process helps offer a large soil surface area to the 
solvent added in the next step. Five m~ of methylene 
chloride containing surrogates is added to the vial. The 
vial is capped and shaken vigorously for one minute. 

2.2 The phenolic acids may be segregated from the total soil 
extract by partitioning them into basic water. The soil 
extract is transferred into a 125-mL separatory funnel 
containing 50 mL of basic water (pH 11-12). The transfer is 
completed in such a way as to control the amount of organic 
liquid phase in the separatory funnel (50:10 H20:CH2Cl2>­
Phenols are partitioned into the aqueous phase with one 
equilibration in the separatory funnel. After separation of 
the liquid phases, the organic phase (a base/neutral 
fraction) may be retained for further cleanup and PAH 
analysis or it may be discarded if the PAH analysis is not 
required._ 

2.3 Phenolic acids are extracted from the aqueous phase as an 
acid fraction. To achieve good acid recoveries the aqueous 
phase is adjusted to pH 2 or lower, and then ten grams of 
sodium chloride are dissolved. Finally the aqueous phase is 
extracted twice in series using 50 mL of fresh methylene 
chloride each time. The combined acid extract is 
concentrated to low sample volume (approximately 1 mL) in 
readiness for GC/FID analysis. 

2.4 A PAH fraction may be prepared for analysis by claiming the 
organic liquid phase from the first separatary funnel 
equilibration at high pH (see 2.2 above). This base/neutral 
fraction should be subjected ta additional silica gel column 
cleanup before PAH analysis by GC/FID. 

2.5 Complex soil samples should have the PAH fraction and the 
phenolic fraction analyzed separately. For relatively clean 
soits however, the method does provide instrument conditions 
for simult~neous analysis of the PAHs and the phe~olic acids. 
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3. Safety 

3.1 The hazard of each reagent-used in this method is not 
accurately known. Exposure to the chemicals should be held 
to the smallest practical _level. Safety d~ta sheets for all 
materials must be made available to the personnel involved in 
the chemical analysis. 

3.2 All parameters in this analysis are designated as priority 
pollutants by the Environmental Protection Agency. 
Additionally, any unfamiliar soil sample may offer dangerous 
native contents beyond the list of target parameters. 

4. Appar-atus and Materials 

4.1 Samples should be collected in the field in accordance with 
the quality assurance project plan. Sample containers should 
be glass or similar inert material which will not offer 
interferences for the analysis. 

4.2 Glassware 

4.2.1 Screw-cap vial, 15-mL size .(4 dram>, t~flon-lined cap. 

4.2.2 Separatory funnel, 125-mL size, Teflon stopcock. 

4.2.3 Concentrator tube, Kuderna-Danish, 10-mL size, 
graduated, ground glass joint. 

4.2.4 Evaporative Flask, Kuderna-Danish, 500-mL size, ground 
glass joints. 

4.2.5 Snyder column, Kuderna-Danish, three-ball macro, 
ground glass joint, floodless type. 

4.2.6 Snyder column, Kuderna-Danish, two-ball micro, ground 
glass joint, floodless type. 

4.2.7 Screw-cap autosampler vials, 2-mL size, teflon-lined 
cap. 

4.2.8 Graduated cylinder, 100-mL and 10-mL sizes. 

4.2.9 Centrifuge tubes, 40-mL size. 

4.3 Centrifuge, table top model. COamon/IEC Division, 
IEC HN-SII Centrifuge> 

4.4 Boiling Chips, 10/40 mesh, heat at 400 °C for 30 minutes 
before use to insure freedom from contamination. 

4 C" 
• ...J Hea~ed water bath, steam delivery and temperature should 

be·contrallable. concentric ring covers far openings. 
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4.6 Polypropylene filtration ~olumn, 6-mL size, 20-um 
polyethylene frit. Stopcock. <J.T.Baker 7121-6 and 7241-0> 

4.7 Analytical Balance, large tare capability desirable. 

4.8 Gas Chromatographic ·system, FID, split/splitless capillary 
injector and pneumatics, digital electronic integrator and 
data system for processing chromatographic data. 

4.9 Fused silica capillary column, 5% phenyl 95i methylsilicone 
bonded stationary phase, 20 meters in length, 0.32 mm inside 
diameter, 0.25 um film thickness. A 60-meter length may be 
pur~hased and cut into desirable lengths. <DB-5, J&W 
Scientific> 

5. Reagents 

5.1 Blank water - Blank Water is that which does not produce an 
interference at or above the method detection limit for any 
target parameter. 

5.2 Methylene Chloride and n-Hexane, pesticide quality or 
equivalent. 

5.3 Acetone, technical grade or equivalent. 
glassware. 

For cleaning 

5.4 Sodium sulfate, granular, anhydrous. Purify by heating 
in a shallow tray for four hours at 400 °C. 

5.5 Silica Gel, 100/200 mesh. Activated at 200 °C for 12 hours 
in a shallow tray loosely covered with aluminum foil. 
(Fisher, 5679 or equivalent) 

5.6 Sodium Hydroxide solution, LON. Dissolve 40 grams Na□H in 
reagent water and dilute to 100 mL. 

5.7 Hydrochloric Acid, concentrated, ACS reagent grade. 

6. Standards 

6.1 Concentrated stock standard solutions may be prepared from 
primary neat materials or may be purchased as primary stock 
solutions. 

6rl.1 A 16-component PAH standard with each component at 
2000 ug/mL may be purchased from Supelco: 4-8905. 

6.1.2 An 11-component phenolic acids standard with each 
component at 2000 ug/mL may be purchased from Supelco: 4-
8904. 
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6.1.3 A concentrated stock solution of each surrogate and 
each matrix spike compound may be prepared from the neat 
material. Weigh approximately 0.0100 grams to the nearest 
0.1 mg and dissolve in the appropriate amount of methylene 
chloride to achieve a 1.00 mg/ml ·concentration. If the 
original compound purity is 95% or better,- then the measured 
mass should b~ used witho~t ~6rrection to calculate the 
amount of solvent for the standard. A graduated 10-mL pipet 
may be used to deliver the solvent. Caution: Disposable 
pipets may not offer the accuracy needed here. 

6.1.4 A 5-component internal standard solution may be 
prepared from the neat materials by weighing the first 
compound and dissolving in solvent as described above <see 
6.1.3). Most of the !-component solution just prepared may 
be used in pl~ce of pure solvent to dissolve the second 
weighed component. Similarly, Most of the 2-component 
solution just prepared may be used to dissolve the third 
weighed component. This procedure is repeated two more times 
before all five components are in a common solution at 
1.0 mg/mL each. This approach to preparing a multicomponent 
solution is especially useful when small amounts are being 
weighed accurately, and uniform concentrations are desired 
near the saturation level. 

6.2 Working solutions for surrogate spiking, matrix spiking, 
instrument calibration, and internal standard s~iking should 
all be prepared in methylene chloride solvent. 

6.2.1 A working standard should be prepared for spiking 
surrogates into the sample. The concentrated stocks 
mentioned earlier (see 6.1.3) are used to prepare the 
surrogate fortification solution. 

Surrogate Compound 
2,3-Benzofuran 
2,4,6-Tribromophenol 
Terphenyl-d14 

Concentration 
50 ug/mL 

100 ug/mL 
50 ug/mL 

6.2.2 A working standard should be prepared for spiking 
target compounds into the sample matrix. The the 
concentrated stocks mentioned earlier (see 6.1.3) are used to 
prepare the matrix spiking solution. 

Matrix Spike Compound 
Phenol 
4-Nitrophenol 
Pentachlorophenol 
Naphthalene 
Acenaphthalene 
Pyrene 
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Concentration 
100 ug/mL 
100 ug/mL 
100 ug/mL 
50 ug/mL 
50 ug/mL 
50 ug/mL 
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6.2.3 Instrument calibration standards may be prepared 
by mixing concentrated stock solutions of the 
surrogates, PAH's, and phenolic acids. Note: It is 
good practice to add internal standards to calibration 
solutions using the same fortifying technique as that 
used with sample extracts (see 7.4). 

7. Instrument Calibration 

7.1 Figure 1 is an example chromatogram of the instrument 
calibration standard. Recommended instrument conditions 
are inciuded in the legend. 

7.2 Instrument calibration and sample analysis must be per­
formed using multiple internal standards. The five inter­
nal standard (IS) compounds listed in Table 1 are recom­
mended to establish both relative retention times (RRT) 
and relative response factors (RRF). Each internal stan­
dard appearing in a chromatogram will establish a primary 
search window for those target compounds nearby in the 
chromatogram. Relative retention times are calculated 
using equation 1. 

7.3 

7.4 

Eq. 1 

Relative response.factors are calculated as follows: 

Absolute Response Factor= RF= Amount/Area Eq. 2 

Relative Response Factor= RRF = RFtarget/.RIIS Eq. 3 

Note: Amount in equation 2 refers to the mass 
(e.g. ug) of compound mixed into the 
solution injected. 

Table 2 is a peak listing for the calibration standard 
in Figure 1. Notice that both RRT's and RRF's are based 
upon a close internal standard. Target Quantifications 
must be based upon relative response to a nearby internal 
standard to minimize the error associated with uncontroll­
able changes in volatility discrimination. 

A five-point calibration should be employed, including 
standards at 50 ppb, 150 ppb, 500 ppb, 750 ppb, and 
1 ppm levels. The· samples extracts will be stored in 
autosampler vials, therefore, it is recommended that 
calibration standards be prepared for injection in 
these vials also. A known mass of each calibration 
compound is added to an autosampler vial (see 6.2.3 for 
multicomponent stock), then any additional solvent if 
needed, and. finally 100 uL of internal standard solution 
(see 6.1.4). Cap and shake the vial for a uniform solu­
tion. Label the vial for contents expressed in mass 
units only (e.g., micrograms of each compound added to 
the concentration of any compounds in the vial. 
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7.5 Analyze each level of calibration standard. For each 
compound, tabulate the RRF at each level (see equation 31. 
If the RRF over the working range is con~tant enough (less 
than 251/. relative standard deviation), then the midpoint 
value may be used for calculations. Alternatively, the 
calibration data may be used to construct a calibration curve 
of r~lative response against relative am6unts <the relative 
amounts in the autosampler vial are the same as relative 
amounts injected). 

7.6 Check the continuing validity of initial calibration at least 
once daily. The midpoint level of initial calibration must 
be injected as the continuing calibration ~heck standard. 
Each of six calibration check compounds (CCC) listed in table 
3 must be carefully evaluated for a shift in• RRF. Equation 3 
must be used to evaluate changes in the RRF since initial 
calibration. 

Eq.4 

Any percent difference (1/.0) greater than 50 for the CCCs ✓' 
requires new initial calibration according to paragraphs 7.4 
through 7.5 above. 

8. Quality Control 

8.1 Every laboratory should operate a formal quality control 
program~ Before using this method, laboratory capability 
must be demonstrated by analyzing spiked samples. Ongoing 
performance checks may be accomplished by analyzing matrix 
spike (MS) and matrix spike duplicates CMSD> at a frequency 
which meets the needs of quality assurance project plans. 
Method blanks should be extracted with every set of samples. 

9. Sample Extraction 

9~1 Deliver approximately 10 grams of anhydrous sodium sulfate 
into a ts~mL screw-cap vial. Tare the vial and contents 
before weighing approximately 1 gram of soil sample into the 
same vial. Record the weight of the sample to the nearest 
0.01 gram. 

9.2 Mix the soil and drying salt with a spatula until a sandy 
texture is achieved. Insufficient mixing of the drying salt 
with high moisture samples may result in poor extraction 
efficiency. 

9.3 Fortify the blended sample with 1 mL of the surrogate 
fortification solution <see 6.2.1). Note: All samples 
including blanks are spiked with sur~ogates. MS and MSD 
~liquots are additionally fortified with 1 rnL of the matrix 
spiking solution (see 6.2.2). 
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9.4 Add additional methylene chloride solvent until a total of 
5 mL are in the vial. Shake the vial vigorously for one 
minute. 

10. Phenolic Acid Cleanup 

10.1 Add 50 mL of blank water to a 125-mL separatory funnel._ Add 
10 drops of 10N NaOH. Stopper the funnel and mix before 
checking the pH. Use wide range pH paper to insure 
adjustment to pH 11-12. 

10.2 Transfer the methylene chloride extract from step 9.4 to the 
separatory funnel. Complete the transfer by adding 7 fresh 
mL of methylene chloride to the screw-cap vial. Shake 
vigorously for approximately 10 seconds. Transfer this 
solvent to the separatory funnel. Note: Approximately 1 mL 
of solvent is not recoverable from the drying salt and soil 
for each transfer. Ideally 10 mL of total solvent is 
transferred to the separatory funnel. 

10.3 Shake the contents of the separatory funnel vigorously for 1 
minute. Caution: Before vigor is used, invert and vent the 
excess pressure a sufficient number of times. 

10.4 Allow the two liquid phases to separate. Emulsions may make 
it necessary to use centrifugation to separate the phases. 
Drain the lower phase (the base/neutral fraction) and retain 
for further cleanup and PAH analysis. 

10.5 Add approximately 5 mL of fresh methylene chloride to the 
separatory funnel. Gently invert the funnel allowing the 
organic phase to rinse the walls of the vessel. The organic 
wash and any solid phase appearing at the interface should be 
discarded to waste through the stopcock. 

10.6 Add appro}:imately 2 mL of Concentrated Hydrochloric Acid to 
adjust the water in the separatory funnel to pH 2 or lower. 
Check the pH adjustment with wide range pH paper. 

10.7 

10.8 

1 (~ ,·-; .I,,._,. "7 

10. 10 

Add approximately 10 grams of NaCl to the separatory f~nnel 
and dissolve by shaking. 

Add 50 mL of fresh methylene chloride to the funnel and 
equilibrate as before (see 10.3 above>. Drain the lower 
phase <the acid fraction> into a Kadurna-Danish CK-Dl 
evaporative flask equipped with a 10-mL graduated 
concentrator tube. 

Repeat step 10.8. 

Add a couple of boiling chips to the K-D flask before 
attdch1ng a three-ball Snyder column. Prewet the Snyder 
column by adding about 1 mL of methylene chloride to the top. 
Place the K-0 apparatus on a hat water bath (60 °C or warmer 1 
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so that the concentrator tube is partially immersed in the 
hot water and the entire lower rounded surface of the flask 
is bathed with hot vapor. Adjust the vertical position of 
the apparatus and the water temperature as required to com­
plete the concentration in approximately 5 minutes. When 
the apparent volume of liquid reaches 1 ml, promptly remove 
the K-D apparatus and allow it to drain and cool for at least 
10 minutes. Remove the Snvder column and-rinse the flask 
and its lower joint into the concentrator tube with 2 to 
5 ml of methylene chloride. A 5-ml syringe is recommended 
for this operation. 

10.11 Add a fresh boiling chip and attach a two-ball micro Snyder 
column to the concentrator tube. Prewet the Snyder column 
by adding about 0.5 ml of methylene chloride to the top of 
the column. Place the K-D on a hot water bath (60°C or 
warmer) so that the concentrator tube is partially immersed 
in the hot water. Adjust the vertical position of the appara­
tus and the water temperature as required to complete the 
concentration in approximately 5 minutes. When the volume 
reaches <0.5 ml, quickly remove the K-D apparatus from the 
water bath and allow it to drain for at least 10 minutes 
while cooling. Adjust the final volume to 0.5 ml. 

10.12 Use a disposable pipet to transfer the contents of the con­
centrator tube into a 2-ml screw-cap autosampler vial. Com­
plete the transfer by rinsing the joint of the Snyder column 
and the inner walls of the concentrator tube with <0.5 ml 
of methylene chloride. Add this rinse to the autosampler 
vial and cap. Label the vial. The final extract volume 
is adjusted to 1 ml. 

11. PAH Cleanup 

11.1 Retrieve the base/neutral fraction from step 10.4, add a 
couple of fresh boiling chips, and attach a clean 2-ball 
micro Snyder column. Concentrate the extract as described 
in step 10.11. 

11.2 

11.3 

While the K-D apparatus cools, adjust the temperature of 
the water bath to 90°C or warmer. Add a fresh boiling chip 
and approximately 5 ml of n-hexane to the concentrator tube. 
Re-attach the micro Snyder column and carefully restart the 
evaporation. Note: For previous evaporations the temperature 
of the Snyder column has been cool to the touch. As this 
evaporation proceeds, a noticeable increase in temperature 
of the Snyder column indicates suQcessful solvent exchange. 
Promptly remove the K-D apparatus when the apparent volume 
of hexane is 0.5 ml. Allow the K-D to cool and the Snyder 
column to drain at least 10 minutes before claiming the base/ 
neutral extract. 

Weigh 2.5 gram(+/- 0.1 g~am) of dry activated silica gel into 
a 50-ml beaker. Create a slurry by covering the silica gel 
with approximately 10 ml of methylene chloride. Attach a 
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stop~ock to a disposable 6-mL size filtration column. Pour 
the slu~ry into the filtration column with the stopcock open. 
Complete the transfer of the silica gel by swirling small 
aliquots of methylene chloride in the beaker and pouring into 
the column. Tap the side of the column several times with a 
pencil to settle the bed. Cap the silica ~el with 
approximately·! cm of anhydrous sodium sulfate. <Caution: 
Do not allow the silica gel medium to become dry.) 

11.4 Wash the silica gel bed with an additional 5 mL of methylene 
chloride. Condition the bed by washing with 5 mL of hexane. 
Use the stopcock to control the solvent reservoir above the 
bed. 

11.5 Position a 10-mL graduated cylinder to collect the silica gel 
column effluent. Transfer the base/neutral hexane extract 
from 11.2 onto the silica gel bed. Open the stopcock and 
allow the sample to flow into the bed. Close the stopcock. 
Complete the transfer of the sample by rinsing the joint of 
the micro Snyder column and the walls of the concentrator 
tube with two successive 0.5 mL aliquots of hexane. Transfer 
both of these hexane rinses to the silica gel column. Open 
the stopcock and allow the transfer rinses to flow into the 
bed. Continue adding hexane to the bed .until 7 mL of the 
effluent are collected. Close the stopcock and discard the 
·effluent in the graduated cylinder. 

11.6 Prepare new mobile phase by mixing equal volumes of methylene 
chloride and hexane. Label the container 50% methylene 
chloride in hexane. 

11.7 Position a clean 10-mL graduated concentrator tube to collect 
the PAH fraction as it is eluted from the silica gel bed. 
Add 50% methylene chloride in hexane to the bed reservoir and 
open the stopcock. Continue adding the mixed solvent to the 
bed until 10 mL have been collected. Turnoff the·stopcock 
and discard the disposable column. Note: The stopcock may 
b~ cleaned and reused. 

11.8 Add a boiling chip ta the concentrator tube, attach a clean 
2-ball Snyder column, and move the PAH fraction to the hot 
water bath for solvent exchange and concentration. 

11.9 Adjust the hot water bath to 60 °C or warmer. Prime the 
Snyder column with approximately 0.5 mL of methylene 
chloride. Begin the concentration as described in 10.11, but 
remove the K-0 from the heat momentarily at an apparent 
solvent volume of 2 mL. Pour approximately 5 mL of methylene 
chloride through the Snyder column, and then resume 
concentration at the hot water bath. Caution: The binary 
azeatrcpe formed between methylene chloride and hexane boils 
at a very low temperature. This final stage of concentration 
will proceed rapidly. Hold the Snyder column with the finger 
tips (do not·support the apparatus mechanically). This 
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procedure will permit monitoring the tempP.rature of the 
Snyder surface by touch. At this stage of concentration a 
proper solvent exchange into methylene chloride will not 
produce a hot Snyder surface. If the Snyder temperature 
becomes hot to the touch, then additional methylene 
chloride must be added to the vessel to insure a proper 
solvent exchange. 

11.10 The concentration is complete when the volume of solvent 
is <0.5 ml. Remove the K-D from the hot water bath and 
allow the-Snyder to drain and cool for at least 
10 minutes. Adjust the final volume to 0.5 ml. 

11.11 Transfer the PAH fraction into a screw-cap autosampler 
vial. Complete the transfer by rinsing the joint of the 
Snyder and the inner walls of the concentrator tube with 
<0.5 ml of methylene chloride. Add this rinse to the 
autosampler vial and cap. The final extract volume is 
then adjusted to 1 ml. Label the viai. 

12. Gas Chromatography 

12.1 The gas chromatographic (GC) conditions listed in Figure 1 
are recommended. Some GC systems may be able to achieve 
worthy improvement in compound separations by using 
multiple temperature ramps for the column oven. Caution 
must be exercised, however, not to improve resolution at 
the expense of column capacity or some other desirable 
chromatographic feature. 

12.2 

12.3 

Continuing calibration checks require a daily injection of 
the midpoint calibration standard (see 7.6). If all CCC 
requirements are met, then updates may be made for both 
RRT's and RRF's to allow for small fluctuations in 
instrument response as well as shifts in retention time 
due to capillary column maintenance. 
Note: It is a common practice to routinely clean 
injection port liners and cut small portions from the 
inlet end of a capillary column. This practice helps 
reduce chromatographic active sites. 

Qualitative Analysis 

12.3.1 Peak identification is based upon relative 
retention time comparison to calibration data. Library 
retention times are established on a daily basis. 
Internal standards serve as time references for all 
chromatographic acquisitions. A target compound should be 
identified in a sample only if the chromatographic peak 
matches the predicted retention time within 0.05 minutes. 

Eq.5 
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12.3.2 Equation 5 should serve only as a recommended 
treatment for peak identification. The experienced analyst 
must consider other chromatographic features such as peak 
shape, resolution, and distance from the time reference. 

12.4 Quantitative Analysis. 

12.4.1 Sample extracts should be prepared for analysis by. 
placing 100 uL of internal standard solution (see 6.1.4) into 
the autosampler vial and mixing. Internal standard levels 
are high to minimize the effects of compound coelution. 

12.4.2 The concentration of an identified target compound 
(e.g. compound X> may be calculated using equation 6. 

(ugxa••mP 1•) (Areax••mp 1 •) <RRFX) 

PPMx••mp1- = ------------------------------- Eq.6 
<Areaxa••mp1-> (grams extracted) 

It should be noted that the concentration calculated is based 
upon the wet weight of the soil sample. 
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TABLE 1 

LISTING OF INTERNAL STANDARD COMPOUNDS 

Internal Standard 

Internal Standard 

Internal Standard 

Internal Standard 

Internal Standard 

Internal Standard 

#1 

#2 

#3 

#4 

#5 
·;_!"' 

CompoL1nd 

1,4-Dichlorobenzene-d4 

2-Fluorobiphenyl 

n-He:-: adecane 

2,4,6-Tribromobiphenyl 

F'erylene-d12 
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TABLE 2 

PEAK LISTING FOR FIGURE 1 CALIBRATION STANDARD 

RT Peak 
Compound (MIN. ) RRT Area Amt. * RRF 

--------------------------- ------ ----- ------ ----- -----
Phenol 4.594 0.918 430241 100 0.769 
2-Chlorophenol 4.690 0.937 334306 100 o. '190 
2,3-Benzofuran <surr. ) 4.807 0.960 233053 50 0.710 
I.S. #1 5.005 1.000 330858 100 1. 000 

2-Nitrophenol 6.864 0.666 244794 100 2.191 
2,4-Dimethylphenol 7. 133 0.692 416758 100 1. 287 
2,4-Dichlorophenol 7.403 0.718 238624 100 2.248 
Naphthalene 7.665 0.774 310573 50 0.864 
4-Chloro-3-methylphenol 9.198 0.893 305774 100 1.754 
2,4,6-Trichlorophenol 10.087 0.979 184451 100 2.908 
I.S. #2 10.304 1. 000 536391 100 1 • 000 

Acenaphthylene 11.395 0.856 272447 50 0.940 
Acenaphthene 11.862 0.891 291254 50 0.879 
2,4-0initrophenol 12.063 0.906 100976 100 5.071 
4-Nitrophenol 12.415 0.932 165345 100 3.097 
Fluorene 13.098 0.983 263934 50 0. ·~70 
I. s; #3 13.319 1.000 512076 100 1. 000 
4,6-Dinitro-2-methylphenol 13.434 1.009 143587 . 100 3.566 
2,4,6-Tribromophenol C SLlrr. ) 13.727 1. 031 46517 100 11.008 

Pentachlorophenol 15.121 0;932 81907 100 2.191 
Phenanthrene 15.392 0.847 .243175 50 0.369 
Anthracene 15.503 0.853 ' 198134 50 0.453 
I.S. #4 18.171 . 1. 000 179468 100 1. 000 . 
FlLloranthene 18.322 1. 008 210783 50 0.426 
Pyrene 18.837 1.037 -· 207789 50 0.432 
Terphenyl-d14 <surr. > 19.484 t'.072 200730 50 0.447 

Benzo<a>anthracene 21.867 0.867 177233 50 0.960 
Chrysene 21. 967 0.871 1944:32 50 0. 87~5 
Benzo(b)fluoranthene 24.408 0.968 177141 50 0.960 
Benzo(k)fluoranthene 24.466 0.970 174051 50 0.977 
Benz o < a ).pyrene 25.077 0.994 157454 50 1. 080 
I. s. ~5 25.221 1 . (l(l(> :340257 100 1. 000 
Indeno<l,2,3-cd)pyrene 27.387 1.086 152731 50 1. 114 
Dibenzo(a,h)anthracene 27.475 1. 089 146545 ~:i(I 1. 161 
Benzo(g,h,i)perylene 27.936 1. 108 156756 50 1. 085 

* This numerical value does not necessarily refer to 
.::oncentrati cm nor to amount in jec:ted, but it al wa·1s ·r-ef er·-;; to t.he 
mass of .cqmpoLlnd dissolved in an undefined volume of solvent. 



TABLE 3 

LISTING OF CALIBRATION CHECK COMPOUNDS 

Phenolic Acids 

Phenol 

2,4,6-Trichlorophenol 

2,4-Dinitrophenal 

PAHs 

Fluorene 

Fluoranthene 

Benzo(a>pyrene 
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1 :3. Ac:e.naphthene 
r ... c· Pyrene 

l • F'hc~nol 
..:. ... J. 

~2. 2·-Ch l m-ophenol 14. 2,4-Dinitrophenol 26. Terphenyl-dl4 

:::: .. 2, :::--[cc.=m::: of ur an 1 i::· 4-Nitrophenol 2-,. Benzo<a>anthracene ..., . 
4. I . S. #1 16. Fluorene 28. Chrysene 
,::- 2-··Ni t.r·ophenol 17. 1.5. #3 29. Benzo(b)fluoranthene 
.J. 

6. 2,4-Dimethylphenol 18. 4,6-Dinitro-2-methylphenol :30. Benzo(k)fluoranthene 
... , 2,4-Dichlorophenol 19. 2,4,6-Tribromophenol :31 • Benzo(a)pyrene 
I • 

2(). Pentachlorophenol 7r'1 I.S. #5 B. Naphthalene -~•L • 

9. 4-Chloro-3-methylphenol 21. Phenanthrene -~ .. :? Indeno(l,2,3-cd)pyrene ·-··-·. 
1 (I. 2,4,6-Trichlorophenol 2'> Anthracene ~:.4. Dibenzo<a,h)anthracene -'. 

11. LS. #2 23. I.S. #4 35. Benzo(g,h,i)perylene 

12. Acenaphthylene 24. Fluoranthene 
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Figure 1. EiC/FID chr-omatc:>gr-am of the instr-ument cal ibr-at.ion st:.ancli:il'·d. DEl--~:i fusec1 si l 1 ca 
c:.~piilar·y column, 21m :-: o.:;.2mm ID, 0.25um film. Column Zone: 't'.:'j ,:,c; for 1 minute, then 
10 ~c/minute to 300 ~can~ hold. Splitless injection. Split opened at 0.95'.minutes. 
Injector :::one: 250 °Ca Detector zone: 320 °C. Helium carrier inlet pressure set at 
1::'. psiq. Elect1--omet:er· t-ange set at. 10·- 11 amps/mV. Sample: 1.~i ul... n+ mE?thyle.ne ctdc.r··ic1e 
c:ontc:1in:inq 150 nq of each internal standard and phenolic acid and containinq 7:':"i nq 
n+ eac:t··1 f'{~H. 
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INTRODUCTION 

CASE NARRATIVE 

In April 1987, the CH2M HILL Montgomery laboratory presented 
a new soil screening method for selected polyaromatic 
hydrocarbons <PAHs> and phenolic acid compounds. This 
document provides a brief narrative of the method development 
and testing. 

SUMMARY 

Priority pollutant PAHs and phenolic acids were the target 
compounds. The analytical approach was capillary gas 
chromatography with flame ionization dete~tion (GC/FID>. The 
method was tested with five carefully selected soil samples 
from the Moss America site. The five soils offered varying 
amoumts of contamination. For comparison, the soils were 
analyzed by the new method and by validated methodology 
CUS EPA, Method 8270 with 3550 extraction>~. Method 3550 is 
extraction by serial sonifications. Method 8270 is analysis 
of sample extracts by capillary gas chromatography with mass 
spectrometry <GC/MS>. 

METHOD DEVELOPMENT 

The method development may be divided into four subtasks. 
1. Evaluate capillary columns for best resolution of target 

parameters. 

4. 

Select internal standards and surrogates. ' 
Evaluate linearity of the instrument. 
Develope a fast cleanup procedure for the target 
compounds. 

Each subtask was performed using target compounds dissolved 
in solvent. 

Subtask 1. Three capillary columns were investigated. All 
three are available from J ~ W Scientific and were 0.32 mm 
inside diameter with a 0.25 micrometer filmthickness: a 08-
5, a DB-17, and a DB-1701. A twenty-meter length of the 08-5 
column offered sufficient resolution of the compounds of 
interest with a fast analysis time. The DB-1701 ~nd the 
08-17 were more polar columns and did not offer superior 
performance. 

l Office of Solid Waste and Emergency Respons~, 
SW-846, Test Methods ~or Evaluating Solid Waste, Third 
Edition. November 1986. 
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·-·· .... :;:-;.: ~Subtask 2. Five internal stan1jards wer-e selected to moni tar-
the quality of each injection. The compounds of interest 
caver such a large boiling rang~ that multiple internal 
standards were required. For the ~lert analyst, multiple 
internal standards also reduce the errors associated with 
compound coelution. If the primary internal standard appears 
to suffer from coelution, the~ an alternate internal standard 
may be used for the calculation. Three surrogates were 
selected ta monitor the quality of each sample preparation 
and analysis. Two surrogates were chosen for the PAH 
fraction since this fraction is more likely to suffer 
interferences than the acid fraction. 

Subtask 3. Linearity of the GC/FID system was evaluated by 
injecting six levels of calibration standards <see table 1). 
Relative response factors <RRFs) were calculated for each 
compound at each level injected. The PAHs were injected at 
100, 75, SO, 25, 10, and 5 ug/mL for RRF #1, ... RRF #6 
respectively. Similar repartitions were injected for the 
phenolic acids except that concentrations were doubled. 
Notice that two compounds <2,4-Dinitrophenol and 2-methyl-
4,6-dinitrophenol> failed the initial calibration criteria 
prescribed by the method. However, by draping the lowest 
level calibration point, these two compounds will have 
acceptable values for 'l.RSD <see table 2). Typical 3-level 
calibration is illustrated in table 3. 

Subtask 4. To design the cleanup procedures, two additional 
compounds were added to the calibration mixture: n-Dodecane 
and n-Tridecane. Acid cleanup procedures were available 
in the literature <US EPA, Method 3650) 1 • No significant 
modifications were prescribed for this acid cleanup. 
Several commercially available extraction columns were tested 
for use in the PAH cleanup procedure. The largest column 
size available was only a 1-gram bed. Silica ~el, Alumina, 
and Phenyl columns were tested. Both capacity and activity 
were determined to be low for the needs of this cleanup 
design. A 2.~-gram bed of silica gel packed as a slurry into 
into a disposable filtration column at the laboratory 
fulfilled the needs of the PAH cleanup design. 

METHOD TESTING 

Eighteen soil samples from the Moss America site were 
submitted for gross screening, and five of these samples were 
used to test the new method. Sam 1 was selected for matrix 
spiking because it was the least contaminated of the sails. 

The five samples were analyzed by both GC/FID and GC/MS. For 
additional data, the soils were also analyzed by GC/FID 
without applying sample cleanup procedures. Only two samples 
were anlayzed by ~C/MS without applying cleanup pro~edures. 
Without cleanup, most sample ext~acts damaged the 
chromatographic systems. 

oaoe.: 



TABLE 1 

GC/FIO INITIAL CALIBRATION APRIL 8, 1987 

COl"IPOUNO MEAN RRF %RSO RRF 11 RRF 12 RRF •3 RRF 14 RRF 15 RRF a6 

PHENOL 0.8066 7. g 0.7606 0.7610 0.76'30 0.7838 0.8451 0.9203 
2-CHLOROPHEHOL 1.0292 6.6 0.'3788 0.'3817 O.'l897 1.0048 1.0712 1. 1487 
2,3-BEHZOFURAN SURR. 0.7388 5.0 0.7115 0.7142 0.7098 0.7326 0.7623 0.8022 
I.S. 11 1.0000 0.0 1.0000 1.0000 1.0000 1.0000 1. 0000 1. 0000 -·2-NITROPHEtlOL 2.3788 14. ◄ 2. 1105 2. 11'31 2.1912 2.2902 2.5753 2.9867 
2,4-0IMETHVLPHENOL 1. 3421 8.0 1. 2860 1. 2721 1.2871 1.2824 1. 3798 1. 5451 
2,4-0ICHLOROPHENOL 2.3597 8.8 2.2224 2.2080 2.2479 2.2828 2.4584 2.7389 
NAPHTHALENE 0.8737 2.8 0.8626 0.8575 0.8636 0.8533 0.8879 0.9171 
4-CL-J-ME PHENOL 1. 8741 12. 1 1. 6904 1. 7129 I. 7542 1.8260 1. 9760 2.2851 
2,4,6-TRICL PHENOL 3. 1244 11. 7 2.8784 2.8432 2.9080 3.0297 3.2935 3.7938 
1.5. •2 1.0000 0.0 1.0000 1.0000 1. 0000 1.0000 1.0000 1. 0000 
ACEHAPHTHVLEHE 0.9765 6.3 0.9472 0.9293 0.9398 0.9530 O.'l959 1. 0940 
ACEHAPHTHEHE 0.9097 5. ◄ 0.8914 0.8748 0.8791 0.8860 0.9225 1. 0043 
2,4-0INITROPHEHOL 6.3542 27.2 5. 1632 5.2463 5.0713 6.4◄58 6.5936 9.6050 
◄ -NITROPHEHOL 3.5270 15.6 3.0999 3.2703 3.0970 3.6843 3.4563 4.5542 
FLLIORENE 1.0373 10.2 0.9643 0.9662 0.9701 1.0231 1.0607 1. 2394 
1.5. 13 1.0000 0.0 1.0000 1.0000 1.0000 1. 0000 1.0000 1. 0000 
2-ME~4,6-0INO PHENOL ◄ .3256 24.8 3.5225 3.6663 3.5663 4.4320 4.4174 6.3490 
TBP-SURR. 12.6944 18.7 10.4318 11. 160◄ 11.0084 13.2603 13.5139 16.7915 
PENTACHLOROPHENOL 2. ◄ 137 10.9 2.6330 2.2545 2.1911 2.1712 2.4171 2.8151 
PHENAHTHREHE 0.3786 4.5 0.3937 0.3707 0.3690 0.3542 0.3843 0.3999 
ANTHRACEHE 0.458◄ 5.1 0. ◄692 0. ◄ 356 0. ◄529 0. ◄334 0.4632 0.4960 -1.5. •◄ 1.0000 0.0 1.0000 1.0000 l.0000 1.0000 1.0000 1. 0000 
FLUORAHTHENE 0. ◄◄ 72 6.6 0. ◄639 p. ◄429 0. ◄257 0. ◄285 0. ◄235 0.4988 
PYRENE 0.4615 6J/ 0. ◄719 0. ◄513 0. ◄319 0. ◄461 0.4495 0.5185 
TERPHENYL-dl4 SURR. 0. ◄944 9.9 0. ◄778 0. ◄790 0. ◄◄70 0. ◄733 0.5020 0.5875 
BEHZO<A>ANTHRACENE 0.9627 3. ◄ 0.9289 0.9267 0.9600 0.9641 1. 0102 0.9866 
CHRYSEHE 0.8882 3.0 0.8708 0.8591 0.8750 0.8820 0.9180 0.9243 
BENZO(B>FLUORANTHENE 1. 0004 7.8 0.9441 0.9373 0.9604 0.9676 1.0620 1. 1307 
BEHZO<K>FLUORANTHEHE 1. 0026 ◄ .O 0.'3785 0.9783 0.9775 0.9975 1.0035 1. 0806 
BEHZO<A>PYREHE l. 1437 10.9 1.0682 l. 0684 1.0805 1.0972 1. 1593 1. 3886 
1.5. 15 l .0000 0.0 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000 
I l~OE HOC 123-CO )PYREHE 1.1857 11. 2 1. 0482 1. 1090 l.1139 1. 1736 1. 2520 1.4174 
DIBENZO<AH>ANTHRA. 1. 2575 11.2 1. 2241 1. 1535 1.1609 l. 1902 l.2888 1. 5278 
BENZOCGHI)PERYLENE 1. 1513 8.4 1. 0859 1.0898 1.0853 J. 1340 1. 1794 I. 33~11 
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TABLE 2 

GC/FIO INITIAL CALIBRATICMi APRIL 8, 1987 , . 
COHPOUHO l'EAH RRF %R50 RRF •1 RRF •2 RRF •3 RRF •◄ RRF •5 RRJ; .. ,•6 

1.:u, 1 , .,. •• 

PHENOL ~ll)i6 7.9 0.7606 ·o. 7610 0.7690 0.7838 0.8451 0.9203 • I 
2-CHLOROPHENOL l.0292 6.6 0.9788 0.9817 0.9897 1. 00◄8 1.0712 1. 1 ◄87 
2,3-BEHZOFURAN 5URR. 0.7388 5.0 0. 7115 o. 71 ◄2 0.7098 0.7326 0.7623 0.8022 
1.5. •l 1.0000 .I 0.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000, -2-HlTROPHEHOL 2.3788 l ◄•◄ 2. 1105 2. 1191 2.1912 2.2902 2.5753 2. 9867 · 
2, ◄-0lt1ETHYLPHENOL 1. 3421 8.0 1.2860 1.2721 1.2871 1. 282◄ 1. 3798, 1.5451 
2, ◄-DICHLOROPHENOL 2.3597 .. 0.0 2.222◄ 2.2080 2.2479 2.2828 2.4584 2.7389 
NAPHTHALENE 0.8737 2.8 0.8626 0.8575 0.8636 0.8533 0.8879 o. 9171 
◄-CL-3-ME PHENOL 1.87◄ 1 12.1 1.690◄ 1. 7129 1.75◄2 1.8260 1. 9760 2.2851 
2,4.6-TRlCL PHENOL 3.12◄◄ 11. 7 2.878◄ 2.8◄32 2.9080 3.0297 3.2935 3.7938 
1.5. •2 1.0000 0.0 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000 
ACEHAPHTHYLENE 0.9765 6.3 0.9◄72 0.9293 0.9398 0.9530 0.9959 1. 0940 
ACENAPHTHEHE · 0.'3097 5.4 0.891 ◄ 0.87◄8 0.8791 0.8860 0.9225 1. 0043 
2,4-DIHITROPHENOL 5.70◄0 13.1 5.1632 5.2◄63 5.0713 6. ◄◄58 6.5936 
◄-NITROPHEHOL 3.5270 15.6 3.0999 3.2703 3.0970 3.68◄3 3.4563 4.5s.-2 
FLUOREHE 1.0373 10.2 0.9643 0.9662 0.9701 1.0231 1.0607 1. 2394 
1.5. •3. 1.0000 0.0 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000 
2-HE-4.6-DlNO PHENOL 3 •. 9209 11.8 3.5225 3.6663 3.5663 4. ◄320 4.417◄ 

i 

TBP-SURR. 12.69◄◄ 18.7 10.4318 11. 160◄ 11.0084 13.2603 13.5139 16.7'315 
PEHTACHLOROPHENOL 2. ◄ 137· 10.9 2.6330 2.25◄5 2.1911. 2.1712 2.4171 2.8151 
PHENANTHRENE 0.3786 ◄ .5 0.3937 0.3707 0.3690 0.3542 0.3843 0.3999 
ANTHRACENE 0.4584 5. 1 0. ◄692 0. ◄356 0.4529 0. ◄33◄ 0.4632 0.4960 -1.5. •4 1.0000 o.o 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000 
FLUORAHTHENE 0. ◄◄72 6.6 0.4639 0. ◄◄29 0.4257 0. ◄285 0. ◄235 0. ◄988 
PYREHE 0.4615 6.~ 0.4719 0. ◄513 0. ◄319 0. ◄461 0.4495 0.5185 
TERPHEHYL-dl4 SURR. 0. ◄94◄ 9.9 0. ◄778 0. ◄790 0. ◄◄70 0. ◄733 0.5020 0.5875 
BEHZO<A>ANTHRACENE 0.9627 3. ◄ 0.9289 0.9267 0.9600 0.96◄ 1 1.0102 0.9866 
CHRYSEHE 0.8882 3.0 0.8708 0.8591 0.8750 0.8820 0.9180 0.9243 
BEHZO<B>FLUORAHTHEHE 1.000◄ 7.8 0.9◄◄ 1 •II 0.9373 0.960◄ 0.9676 1.0620 1. 1307 
BENZO<K>FLUORAHTHENE l.0026 ◄.0 0.9785 0.9783 0.9715 0.9975 1.0035 1. 0806 
BENZO<A>PYRENE 1.1 ◄37 10.9 1.0682 1.068◄ 1.0805 1.0972 1.1593 1. 3886 
1.5. •5 1.0000 0.0 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000 
INOENOC123-CO>PYREHE 1.1857 11.2 1.0482 1. 1090 l.1139 1. 1736 1. 2520 1.417◄ 
OIBENZO<AH>AHTHRA. 1. 2575 11.2 1.22◄ 1 1. 1535 1. 1609 1. 1902 1. 2888 1. 5278 
BENZO<GHI>PERYLEHE 1. 1513 8.<t 1.0859 1.0898 l.0853 1. 13.-0 1. l 7'3-4 1. 3336 
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TABLE 3 
.. , .. ,. 

GC/FIO INITIAL CALIBRATION APRIL 0. 1987 

COMPOUND MEAN RRF %RSO RRF ·•1 RRF •2 RRF •3 RRF •4 RRF 15 RRF 16 

Pt-lENOL 0.7916 5.9 0.7606 0.7690 0.8451 
2-CHLOROPHENOL 1.0132 5.0 0.9788 0.9897 1.0712 
2.3-BENZOFURAN SURR. 0.7279 4.1 o. 7115 0.7098 0.7623 
1.5. 11 1.0000 0.0 1.0000 1.0000 1.0000 -2-NITROPHENOL 2.2923 10.8 2.1105 2.1912 2.5753 
2 1 4-0IMETHYLPHENOL 1. 3176 ◄ .l 1.2860 1.2871 1. 3798 
2 1 ◄ -0ICHLOROPHENOL 2.3096 5.6 2.2224 2.2479 2.4584 
NAPHTHALENE 0.8713 1.6 0.8626 0.8636 0.8879 
4·-CL - 3-NE PHENOL 1.8069 8.3 1. 6904 l. 7542 1. 9760 
2 1 4 1 6-TRICL PHENOL 3.0266 7.7 2.8784 2.9080 3.2935 
1.5. •2 1.0000 0.0 1.0000 1.0000 1.0000 
ACENAPHTHYLENE 0.9610 3.2 0.9472 0.9398 0.9959 
ACENAPHTHENE 0.8976 2.5 0.891 ◄ 0.8791 0.9225 
2 1 4-DINITROPHENOL 5.609◄ 15.2 5.1632 5.0713 6.5936 
4-NITROPHEHOL 3.2177 6. ◄ 3.0999 3.0970 3. ◄563 
FLUORENE 0.9984 5. ◄ 0.96◄3 0.9701 1. 0607 
1.5. •3 1.0000 0.0 1.0000 1.0000 1.0000 
2-ME-4.6-0INO PHENOL 3.835◄ 13.2 3.5225 3.5663 4. ◄ 174 
TBP-SURR. 11. 651 ◄ l ◄. 1 10. ◄318 11.008◄ 13.5139 
PENTACHLOROPHENOL 2.4137 9.2 2.6330 2. 1911 2.4171 
Pt-lENANTHRENE 0.3823 3.3 0.3937 0.3690 0.3843 
AHTHRACENE 0. ◄618 1.8 0. ◄692 0.4529 0.4632 
I. s. 114 l. 0000 0.0 1. 0000 1.0000 1.0000 -FLUORANTHENE 0.4377 5.2 0. ◄639 0. ◄257 0.4235 
PYRENE 0. ◄511 ◄ ."4 0. ◄719 0. ◄319 0. ◄◄95 
TERPHENYL-dl4 SURR. 0. ◄756 5.8 0.4778 0. ◄◄70 0.5020 
BENZO<A>ANTHRACENE 0.9664 4.2 0.9289 0.9600 1.0102 
CHRYSENE 0.8879 2.9 0.8708 0.8750 0.9180 
BENZO<B>FLUORANTHENE 0.9888 6.5 0.94◄ 1 0.9604 1.0620 
BENZO<K>FLUORAHTHEHE 0.9865 1.5 0.9785 0.9775 1.0035 
BENZO<A>PYRENE 1. 1026 4.5 1.0682 1.0805 1. 1593 
1-5. •5 1.0000 0.0 1. 0000 1.0000 1.0000 
IHDENO< 123-CD>PYRENE 1. 1380 9. 1 1.0482 1.1139 1. 2520 
DIBENZO<AH>ANTHRA. 1. 2246 5.2 1. 2241 1.1609 1. 2888 
ffi~NZO<GHl>PERYLENE 1. 1169 4.8 1.0859 1.0853 1. 1794 



• A N A L Y T I C A L R E P O R T 
PAH/PHENOLS by GC/FIO 

Client: CH2PI HILL/GlO 
Sample Identitication: Laboratory Method Blank 

Lab No: 04087951 
Date Received: N/A 

D•te EMtracted: 04/08/87 
D~te Analyzed: 04/09/87 

---------- - :CONCENTRATION: ------------ ---------------:CONCENTRATION; 
PAH COPIPOUNDS <PP"> PHENOLIC ACID COPIPOUNDS <PPM> 

:------------------------------:-------------:-------------- ·---------------:-------------, 
Naphthalene < 1 Phenol ( "' ,;. 

~cenaphthylene ( l 2-Chlorophenol < ., 
' Acenaphthene 0.9 2-Nitrophenol < 2 

Fluorene < l 2,4-Di•ethylphenol / ~. 
' i. 

Phenanthrene 0.5 2,4-Dichlorophenol < ., .. 
Anthracene 0.4 4-Chloro-3-•ethylphenol < .., -.. 
Fluoranthene 0.2 2,4 1 6-Trichlorophenol :2 
Pyrene 0.2 2,4-Dinitrophenol , -s "\ 

Benzo<alanthracene < 1 4-Nitrophenol ( s 
Chrysene < l 4,b-Dinitro-2-•ethylphenol 5 
Benzo<b>tluoranthene < 1 PentaEhlorophenol 5 
Benzo<klfluoranthene o.s 
Benzo<a>pyrene < 1 
[ndeno<l ,2,3-cd>pyrene < l 
Dibenzo<a,hlanthracene < 1 
Benzo!g,h,i>perylene < l 

:-----------------------------------------------------------------------------------------: 
SURROGATE RECOVERIES 

2,3-Benzofuran = 
Terph1nyl-d14 = 

64 X 
82 t 

SURROGATE RECOVEBY 

'---------------------------~-------------------------------------------------------------' ' ' 
Comments: 

Revie•od by: ---'[}-~~--------



'--· 

A N A L Y T I C A L R E P O R T 
PAH/PHENOLS by GC/FID 

Client: CH2M HILL/GLO 
Sample Identification: Soil - Moss American, Sa~ple 1, Grab, 2/1/87, 1030 

Lab No: Sam l 
Date Received: 02/10/87 

Date Extracted: 04/08/87 
Date Analyzed: 04/09/87 

-------------------------------------------------------------------------------------------:CONCENTRATION: :coNCENTRATI~: 
PAH CONPOUNDS <PPNI PHENOLIC ACID COKPOUNOS 

:------------------------------:-------------:------------------------------:-------· 
Naphthalene ( 1 Phenol ( 

Acenaphthylene < 1 2-Chlorophenol < 2 
Acenaphthene 0.8 2-Nitrophenol < 2 
Fluorene < 1 2,4-Di•ethylphanol < 2 
Phenanthrene 0.3 2,4-Dichlorophenol < 2' 
Anthracene 0.3 4-Chloro-3-methylphenol < -~ 
Fluoranthene < 1 2,4,6-Trichlorophenol < 2 
Pyrene < l 2,4-Dinitrophenol < s 
Benzo(alanthracene < 1 4-Nitrophenol < 5 
Chrysene < 4,o-Dinitro-2-•ethylphenol < s 
Benzo \bl fluoranthene- < 1 Pentachlorophenol < s 
Benzo(klfluoranthene 0.4 
Benzo(alpyrene < 1 
lndeno<l,2,3-cdlpyrene < 
Oibenzo<a,hlanthracene < 1 
Benzolg,h,ilperylene < l 

:-----------------------------------------------------------------------------------------; 
SURROGATE RECOVERIES 

2,3-Benzofuran = 
Terphenyl.-dl4, = 

08 X 
87 t. 

SURROGATE RECOVEBY 

2·,4,6-Tribro•ophenol = 47 Y. 

:-----------------------------. -----------------------------------------------------------: 
Com,ients: 

Reviewed by: --9-~_:-________ _ 



H A T R I X R E 5 U L T 5 

Labor~t,::>n;j No.: SlPAH-S.Hn Frac~ion: PAH by GC/F IO 

Saa.pl-: □-=-script.ion: Matrix spike and matrix spike duplic~te into soil 
Hoss American, Sample l • Grab, 2/1/87, 1030. 

Concentration Sample Spike 
Compound Spiked <PPB> Result <PPB> ~esult <PPB> 

------------------------ ------------- ------------ ------------
tiAPHTHALENE 30 0 21 
ACENAPHTHYLENE 30 0 23 
ACENAPHTHENE 30 o.e 23 
FLUORENE 30 0 23 
PHENANTHRENE 30 0.3 2◄ 

ANTHRACENE 30 0.3 27 
FLUORANTHENE 30 0 23 
PYRENE 30 0 23 
BENZO<A>ANTHRACENE 30 0 24 
CHRY5ENE 30 0 24 

BENZO<B>FLUORANTHENE 30 0 23 
BENZO<K>FLUORANTHENE 30 0.4 23 
BENZO<A>PYRENE 30 0 .123 
INOENOC123-CO>PYRENE 30 0 23 
OIBENZO<AH>ANTHRA. 30 0 22 

BENZO<GHl)PERYLENE 30 0 22 
2,3-BENZOFURAN • 30 19 
TERPHENYL-dl ◄ • 30 22 

M Su,-rogate 

Spike Result - Sample Result 

Concentration Spiked 

X 100 
Per·cent Recovery = 

Spike Result - Duplicate Spike Result x 200 
RPD = -------------------------------------

Spike Result+ Ouplic~te Spike Result· 

C, J1111ne11t s: 

Mat.rix: Soil 

sample 1-:.ilJeled 

Spike 
Percent 

Recovery 
---------

70 
77 
74 
77 
79 

89 
77 
77 
80 
80 

77 
75 
77 
77 
73 

73 
63 
73 

Oupl icate 
Duplicate Spike Percent 

Result <PPB> Recovery 
------------ -·-- ---------

22 73 
23 77 
25 81 
22 7·3 
23 76 

25 82 
22 73 
2:3 Tl 
24 130 
23 77 

23 77 
22 72 
23 ?7 
23 77 
20 67 

21 70 
20 67 
22 73 

CH2M Hill 
[NV I P.ONME:NTflL LI, 

RPO 
-------

5 -I) 

8 
4 
4 

8 
4 
0 
I) 

4 

0 
4 
0 
I) 

10 

5 
5 
I) 



t1 A T R I X S P I, K E R E 

Laborat.ory No.: SlAC-5.WKl Fraction: Phenolic Acids by GC/FIO 

Sample Oesc:ription: Matrix spike and matrix spike duplicate into soil 
l101>s American, Sample l, Grab, 2/1/87, 1030. 

Concentration Sample Spike 
Compound Spik.d <.PPS> Result CPPB> Result CPPB> 

------------------------ ------------ ------------ ------------
PHENOL 60 0 ◄8 
2-CHLOROPHENOL 60 0 ◄9 
2-NITROPHENOL 60 0 52 
2, ◄ -0l11ETHVLPHENOL 60 0 ◄7 
2, ◄ -0ICHLOROPHENOL 60 0 51 

4-·CL-3-HE PHENOL 60 0 51 
2, ◄ ,6-TRICL PHENOL 60 0 51 
2,4-0INITROPHENOL 60 0 27 
4-NITROPHEHOL 60 0 29 
2-HE-◄ ,6-0INO PHENOL 60 0 38 

PEHTACHLOROPHEHOL 60 0 56 
2, ◄ ,6-TRI8R0110PHENOL M 60 ◄3 

N Su,-rogal:e 

Spike Result - Sa~ple Result x 100 
Percent Recovery = ----------------------------

Concentrat~on Spiked 

Spi!<e P.e~ult - Duplicate Spike Result >< 200 
RPD = -------------------------------------

Spike P.esult,.. Ouplicat.e Spik~ Result 

C, 1,111n~11I s: 

5 u L T 5 

Matrix: Soi 1 

sample labeled 

Spike 
Percent 

Recovery 

---------
BO 
82 
87 
78 
85 

85 
85 
◄5 
◄8 
63 

93 
72 

Duplicate 
Duplicate Spike Percent 

Result CPPB> Recovery 
--------------- ---------

◄9 82 
◄8 80 
◄9 82 
◄◄ 73 
◄9 82 

50 83 
50 83 
33 55 
◄2 70 
◄5 75 

55 92 
◄5 75 

CH2M HI Li 
l'."tJI I ICJlltJMJ:"tJTHI I 1 

RPO 
-------

2 -2 
6 
7 
4 

2 
2 

20 
37 
17 

2 
5 



A N A L 1 T I C A L R E P O R i 

PAH/PHENOLS by GCIFID 

Client: CH2M HILL/GLD 
Sa~ple Identification: Soil - Moss Amer1cin, Sample 5, Grab, 2'1/87, 1130 

Lab No: Sa111 S 
Date Received: 02/10/87 

Date Extracted: 04/08/87 
Date Analyzed: 04/09/87 

:CONCENTRATION: ----------------!CONCENTRATIO~: 
PAH COl'IPOUNDS !PPl'll PHENOLIC ACID COl'IPOUNDS ·. <PPMl 

:------------------------------:-------------~-----------------.------------!-------------· 
Naphthalene 0.2 Phenol ( 2 
Acenaphthylene 0.2 2-Chlorophenol ( 2 
Acenaphthene 1.9 2-Nitrophenol < 2 
Fluorene < 1 2,4-Dimethylphenol ( "'! .. 
Phenanthrene 1.1 2,4-Dichlorophenol < "'! .. 
Anthracene o.s 4-Chloro-3-eethylphenol < ' 2 
Fluoranthene 1.8 2,4,6-Trichlorophenol < 2 
Pyrene 1.7 2,4-0initrophenol < s 
Benzo<a>anthracene 2.0 4-Nitrophenol < S. 
Chrysene 1.b 4,6-0initro-2-•ethylphenol < s 
Benzo!blfluoranthene 2.3 Pentachlorophenol < 5 
Benlo!klfluoranthene 1.3 
Benzo!alpyrene 2. 1 
lndeno(l,2,3-cdlpyrene 1.7 
Oibenzo!a,h>anthracene O.b 
Benzo(g,h,ilperylene :. 9 

:-----------------------------------------------------------------------------------------: 
SURROGAT~ RECOVERIES 

2,.3-Benzofuran = 
Terphenyl-dl4 = 

SURROGATE RECOVEAY 

2,4,b-Tribroeophenol = 36 ,. 

:-----------------------------------------------------------------------------------------'. 
Ccmments: PAH and·Phenol fractions Mere anaivzed separately. 

Revi •••d by: --9---~---------



Client: CH21'1 HILL/GLO 

A N A L Y T I C A L 
PAH/PHENOLS by GC/FIO 

R E P O R T 

Sample ldentification: Soil - 1'1oss American, Sample 15, Grab, 2/1/87, 1400 

Lab No: Sam 15 
Date Received: 02/10/87 

Date Extracted: 
Oat, Analyzed: 

()4/08/87 
04/09/87 

:CONCENTRATION: - ---------------:CONCENTRATIJN~: 
PAH CO1'1POUNDS. (PPl'1l PHENOLIC ACID COl'1PQUNDS (PPMl 

:------------------------------:-------------:------------------------------:-------------
~aphthalene 0.4 Phenol ( 2 
Acenaphthylen1 (. 1 2:.ch10r0phen0I .., .. 
Acenaphthene 1.5 2-Nitrophenol ( 2 
Fl uorene 0.2 2,4-Di•ethylphtnol < 2 
Phenanth,.ene 2.9 2,4-Dichlorophenol < 

., 

.;. 

Anthracene 1.2 4-Chloro-3-•1thylph1nol < 
Fluor anthene 3.9 2,4,6-Trichlorophenal < 2 
Pyrene 3.2 2,4-Dinitr0ph1n0l < 5 
Benzo<a>anthracen1 3.6 4-Nitrophenol < 5 
Chrysene 1. 9 4,6-Dinitro-2-eethylphenol ! 5 
BenzoCblfluoranthtne 6.0 Pentachlorophenol ·, 5 
Ben:oCklfluoranthene 2.4 
Btnzo<a>py~ene 6.2 
tndeno<l,2,3-cdlpyrene 3.6 
Diben:o(a,hlanthracene 2. 1 
Benzo(g,h,1>perylene 4. 1 

'-----------------------------------------------------------------------------------------' ' ' 
SURROGATE RECOVERIES 

2,3-Ben:ofuran = 
Tarphtnyl-d14· •· 

SURR06ATE RECOVEBY 
\ 

2,4,6-Tribro•ophenol ~ 41 % 

:----------------~-r----------------------------------------------------------------------. 
Co:nme, ts: PAH 1Gd...Ph1nol fractions were analyzed separately. 

.; ... 
: ~. 
; 'f' . 



Client: CH2M HILL/GLD 
Sam~le identification: 

L!b No: Sa,11 ~i 
Date Received: 02/10/87 

A N A L y r r C A L 
PAH/PHENOLS by GC/F[D 

Soil - Moss American, Sampie 

R E P O R T 

Grab,-2i1/8i, 1430 

Date Extracted: 04/08/87 
04/09/87 Date Anal yad: 

-- --- :CONCENTRHTION: ---------·-------:CONCENTRATIJ;-
PAH CO~POUNDS CPP"l PHENOLIC ACID CO"POUNOS CPPMl 

:------------------------------~-------------:------------------------------:-------------
Naphthalene 1.0 
Acenaphthvlene I 

' 1 ,, 
Acenaphthene 0.8 
Fluorene 0 ., ... 
?henanthrene 4,5 
Anthrac:11ne 1.3 
Fluoranthene 10 
Pyrene 22 
Benzo!alanthracene 8.0 
Chrysene 7.4 
Ben:o(bl,luoranthene 16 
Benzo!klfluoranthene a.o 
Benzo(alpyrene 9.a 
Indeno.11,2,3-cdlpyrene 6,7 
Oiben:o(a,hlinthracene ,3. 4 

' Ben:a<q,h,i lperylene 9.3 ; 

Phenol 
2-Chlorophenol 
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichlorophenol 
4-Chloro-3-mtthylphenol 
2,4,6-Trichlorophenol 
2,4-0initrophenol 
4-Nitraphenol 
4,a-Oinitro-2-aethylphenol 
Pe~tachlorophencl 

,-
I 

< 
,· 

' < 
< 
< 
< 
< 
< 
< 
< 

2 
2 ., .. 

s 
5 

:-----------------------------------------------------------------------------------------: 
SURROGATE RECOVERIES 

2,.'S-Benzofuran = 
Terphtnyl-d14 = 

70 7. 
72 7. 

SURROGATE RECOVEBY 

2,4,&-Tribroaophenol = 53 'l. 

:-·----------------------------------------------------------------------------------------: 
Comffients: PAH and Phenol frictions were analyzed separately, 

Rovio•od by: ---fo-~---------



! 
\._ 

L .. 

A N A L Y T I C A L R E P O R T 
PAH/PHENOLS by GC/FID 

Ciier.t: CH21'1 HILL/GLO. 
Sample Identification: Laboratory Metho~ Blank 

Lab No: 04087952 
Date Received: NIA 

Date E:< tr acted: 
Date Analyzed: 

04/08/87 
04/09/87 

:---------- :CONCENTRATION: ----- ----------------------~CONCENTRATION; 
PAH COMPOUNDS <PP"> PHENOLIC ACID CO"POUNDS IPPMl 

:------------------------------:-------------:------------------------------:-------------
Naphthalene '·· l Phenol < 

.., 

.:. 
Acenaphthylene < l 2-Chlorophenol .., 

• 
Acenaphthene 0.9 2-Nitrophenol < 2 
Fluorene ( 1 2,4-Di~ethylphenol < 4 
Phenanthrene 0.5 2,4-Dichlorophenol < ., .. 
Anthracene 0.4 4-Chloro-l-~•thylphenol < " .. 
Fluoranthene 0.2 2,4,o-Trichlorophenal < 2 
Pyrene 0.2 2,4-Dinitrophenol < ~ 

' Benzo<alanthracene ✓ l 4-Nitrophenol < 5-', 

Chrysene ( l 4,o-Oinitro-2-methylphenol < 5 
Benzo<blfluoranthene / l Pentachlorophenol < 5 ' 
Benzo<klfluoranthene ;). 5· 
Ber:o<alpyrene < l 
[ndeno<l.2,:-cdlpyrene < l 
Di~enzoia,hlantnracene ( l 
Ben:olg,h,ilperylene < 1 

:----------------------~----------------------------------~-------------------------------: 
SURROGATE RECOVERIES 

2,3-Benzofuran =. 59 Z 
Terphenyl-dl4 = 70 ~ 

I 
'I 

SURRO&ATE RECOVEBY 

2,4,o-Tribroaophenol = 60 7. 

:-----------------------------------------------------------------------------------------: 
:1mments: No clei~up procedures Nere applied to this saeple. 

' ". . 

Reviewed by: ---#.-~--------



l. ... : 

' ' I 
: .. __ _ 

• A N A L Y T I C A L R E ~ Q R T 
PAH/PHENOLS by GC/FID 

Client: CH2~ HILL/GLO 
Sample !dentificat1on: Laboratory Method Blank 

Lab No: 1)21878S1 
Date Received: NIA 

Date Extracted: 
Date Analyzed: 

02/18/87 
03/07/87 

:--- - :CONCENTRATION: ---------------------------7 C- □-~r.~-T-;_r ___ _ , "'·-N .. A. re·: 
PAH CONPOUNOS (PPN) PHENOLIC ACID CO~POUNOS (PP~) 

:----------------------~-------:-------------:------------------------------:-------------; 
Naphthalene , 

1 Phenol < 2 ' 
Acenaphthylene ( 1 2-Chlorophenol < 2 
Acenaphthene 1.6 2-Nitrophenal < 2 
Fl uorene ( 1 2,4-Dimethylphenol < 2 
Phenanthrene < 1 2,4-0ichlorophenol < "·2 
Anthracene < 1 4-Chloro-3-m•thylphenol < 2 
Fluoranthene· ( 1 2,4,6-Trichlorophenol < 2 
Pyrene < 1 2,4-Dinitrophenol < 5 
Benzo(alanthracene ( 1 4-Nitrophenol < s 
Chrysene < 1 4,6-Dinitro-2-~ethylphenol { 5 
Benzo<b>fluoranthene < 1 Pentachlorophenol ( 5 
Benzo<klfluoranthene ( 1 
Benzo(a)pyrene < 1 
Indeno(l,2,3-cdlpyrene ( 1 
Oibenzo<a,h>anthracene < 1 

: -Benzo<g,h,ilperylene ( 1 

:--------------------------------------------------------------;-----------------------~-~: 
SURROGATE RECOVERIES 

2,3-Ben:ofuran = 
Terphenyl-d14 a 

76 1. 
53 Z 

SURROGATE RECOVERY 

2,4 1 6-Tribro10phenol = 

:--------------------~--------~---------------------------------------------------------~-: 
Comments: !fa cl•llit'li p'rac•dure·s were ap~lied t,J this sample. 

,. . "•~~ .. : 



A N A L Y ·r I C A L R E P O R T 
PAH!PHENOLS by GC/FID 

Client: CH2~ HILL/GLO 
Sample Identification: Soil - Moss A~erican, Sample 1, Grat, 2/1187, 1030 

Lab No: Sam 1 
Date Received: 02/10/87 

Date Extracted: 
Date Analyzed1 

()4/08/87 
04/0q/87 

-------------------------------------------------------------------------------------·------:CONCENTRATION: :cc~CENTRATIJN: 
PAH CO"POUNDS <PPN> PHENOLIC ACID CO~POUNDS (PPRl 

:------------------------------:-------------:------------------------------:-------------; 
Naphthalene < 1 Phenol '. 2 
Aunaphthylene < 1 2-Cl'llorophenol < 2 
Acenaphthene 0.6 2-Nitrophenol < 2 
Fluorine < 1 2,4-Di••thylphtnol < 2 
Phenantrlrene 0.6 2,4-Dichlorophenol ( .. 

4 

Anthracen• ' 1 4-Chloro-3-atthylphenol < 2 
Fluoranthene < 1 2,4,6-Trichlorophanol < ., .. 
Pyrent < 1 2,4-Dinitrophenol ., .. 
Bento<a>anthracene . < 1 4-Nitrophenol ( 5 
Chrysene , . 

1 4,6-0initro-2-iethylphenol C' ', ,.J 

Benzo<b>fluoranthene < 1 Pentachlorophenol { 5 
Benz0(klfluoranth1n1· ( 1 
Btnzo<alpyr1n1 <, 1 
Indeno<l,2,3-cd)pyrene < 1 
Diben:o<a,h>anthracen• < 1 
Benzo<g,h,iiperylene < 1 

:-----------------------------------------------------------------------------------------
SURROGATE RECOVERIES 

2,3-Benzofuian = 68 X 
Ttrpfl•nyl-dl4· • 0 60, X 

SURROGATE RECOVEBY 

2 1 41 6-Tribro•ophenol = SC% 

:-----------------------------------------------------------------------------------------: 
Comments: No cleana,-proc•darew were applied to this sa•plt. 

·,• ;utli4,J· .;i-~, , .. ; r .: . 

Review•d by: ---#-~----------



l. 

" R T R I X 5 p I ~ E R E 

Laboratory No.: SlP-M0-5.WKl Fr~tion: PAH by GC/flO 

Sa.iple Description: Hatrhc spike ~d 11atrix spike dupl icat.e into soil 
Noss RIied ~an, Sample 1, Grab, 211/87, 1030. 

Cor)Cen1;r•tion Sample. 
Co11pound Spilced <PPB> Result <PPB> 

------------------------ -~....,_, _______ 
------------.,, 

. ' ' tfflPHTHALENE 30 
ACENAPHTHVLENE 30 
ACENAPHTHENE 30 
FLlllRENE 30 
PHENANTHRENE 30 

ANTHRACENE 30 
FLUJRANTHENE 30 
PYRENE 30 
B£NZO<A>RNTHRACENE 30 
CHRVSENE 30 

BENZO<B>FLUORRNTHENE 30 
BENZ0<K>FLUORRNTHENE 30 
BENZ0<A>PVRENE 30 
INtENOCl23-CO>PVRENE 30 

·0IBENZ0<AH>RNTHRft. 30 

BENZO<GHl>PERVLENE 30 
2,3-BENZOFURAN 111 30 
TERPHENVL-dl◄ 111 30 

\ -----------------------------
N S...-rogate 

Spike Resu•t - Sa.iple Result 
Percent Recovery = 

RPO= 

Concenir~~•on Spiked 

Spike Result - Duplicate Spike Result 

Spike ~esult ~ Duplicate ~pike Result 

0 
0 

0.6 
0 

0.6 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

~ 100 

>< 200 

Spike 
Result <PPB> 
------------

22 
23 
23 
22 
25 

26 
20 

. 19 
22 
22 

22 
21 
23 
22 
21 

21 
21 
18 

Coauuient s: No cleanup procedures were app l i ed t· ,·, I his sample. 

5 u L T 5 t ·f• ,· -~· . 
. ' .. .. I ... '-J:,t,. ... ii 

Hatrix: Soil ~ ..... 
' 

sc111ple labeled 

Spike Duplicate 
Percent Duplicate Spike Percent 

Recovery Result <PPB> ·Recovery RPO 
--------- --------------- --------- -------

73 25 B3 13 -77 27 90 16 
75 27 e0 16 
73 27 '30 20 
81 28 '31 11 

87 29 '37 11 
67 24 80 18 
63 24 80 23 
73 27 90 20 
73 27 go 20 

73 26 87 17 
70 25 83 17 
77 26 87 12 
73 26 87 17 
70 25 83 17 

70 25 83 17 -70 24 80 13 
60 23 77 2i 

CH2M Hll. 
I 11' 1 1 PONHENTHL 1 .1,.1y 



t1 A T R I 
. ' X S P I K E- R E 5 U L T 5 

Laboratory No.: SlP-W0-5.~1 Fraction: . .,. .. PAH by GC.IFIO Hatrix: Soil 

Sa11ple Description: Natri>< spike ~f\d 11atri>< spike duplicate into soil sample labeled 
Hoss Rlleric~n, Saraple 11 Grab, 2/1/87, 1030. 

Concentr•tion Salllf)le Spike 
Coaipound Spitced (PP8) Result. <PPB> Result <PPB> 

------------------------
___ _.,_ _______ 

' . ------------ ------------
. . • NAPHTHALENE 30 0 22 

ACENAPHTHVLENE 30 0 23 
ACENAPHTHENE 30 0.6 23 
FLWRENE 30 0 22 
PHEHRHTHRENE 30 0.6 25 

ANTHRACENE 30 0 26 
FLUlRANTHENE 30 0 20 
PVRENE 30 0 19 
BENZO<A>ANTHRACENE 30 0 22 
CHRVSENE 30 0 22 

BENZ0<B>FLUORRHTHENE 30 0 22 
BENZ0<K>FLUORANTHENE 30 0 21 
BENZ0<A>PVRENE 30 0 23 
JNCEN0<123-a:J>PYRENE 30 0 22 
OUENZO<AH>ANTHRA. 30 0 21 

BENZO<GHl>PERYLENE 30 0 21 
2,3-BENZOFURAH • 30 21 
TERPHENVL-d U • 30 18 

-----------------------------
• Surrogat• 

Spike Result - Sample Result 

Concentration Spiked 

X 100 
Percent Recovery = , 

Spike Result - Duplicate Spike Result X 200 
RPO= -------------------------------------

Spik~ Result ♦ Duplicate Spike Result 

C,>111ments: No cleanup procedures were applied t,·, I his sample. 

Spike 
Percent Oupl icate Spike 

Recovery Result CPPB> 
--------- ---------------

73 25 
77 27 
75 27 
73 27 
81 28 

87 29 
67 24 
63 24 
73 27 
73 27 

73 26 
70 25 
77 26 
73 26 
70 25 

70 25 
70 24 
60 23 

CH2M Hll. 

Duplicate 
Percent 

Recovery 
---------

83 
Cj() 

88 
90 
91 

97 
80 
80 
90 
90 

87 
83 
87 
87 
83 

83 
80 
77 

I 11' 11 RONNENfflL 1 ,l-1Y . 

RPO 
-------

13 -16 
16 
20 
11 

11 
18 
23 
20 
20 

17 
17 
12 
17 
17 

17 -13 
24 



t1 A T R l X S P l ~ E R E S U L T S 

Laboratory Ho.: SlA-MO-S.Ml<l F.-~t~on: Phenolic Acids ~y GCIFIO tlatrix: Soll 

Saaple Description: Natri>< spike~~ matrix spike duplicate into soil s.uiple labeled 
Hoss A.er i c-,rh Sample 1, Grab, 2/1187, 1030. 

Concentration Sample Spike 
Compound Spik.ct <pPB> Result <PPB> Result <PPB> 

------------------------ ---------'---- ------------ ------------
PHENOL ~o 0 ◄5 
2-CHLOROPHENOL 60 0 ◄6 
2-NITROPHEHOL 60 0 ◄8 
2, ◄-0INETHVLPHEHOL 60 0 ◄9 
2, ◄-DI CHLOROPHEHOL. ~o 0 ◄8 

◄-CL-3-HE PHENOL 60 0 ◄6 
2, ◄ ,6-TRICL PHENOL 60 0 ◄7 
2, ◄-0INITROPHEHOL 60 0 29 
◄-NITROPHEHOL 60 0 26 
2-NE-◄ ,6-0INO Pt£NOL 60 0 36 

PENTACHLOROPHENOL 60 0 53 
2, ◄ ,6-TRIBROt10PHENOL N 60 ◄0 

\ -------------~-------------
" 5...-rogat• 

Spike Result - Sample Result 

Concentrati'!f' Spiked 

X 100 
Percent Recovery = 

RPO= 
Spike Result - Duplicate Spike Result 

Spike Result ♦ Oupl icate Sp*e Result 

X 200 

Spike 
Percent 

Recovery 
---------

75 
77 
BO 
82 
80 

77 
78 
◄8 
◄3 
60 

88 
67 

..... 
Com111enl s: No cleanup procedures aJ~r~ app I i ed to this samp 1 ~. 

Duplicate 
Duplicate Spike Percent 

Result <PPB> Recovery 
--------------- ---------

52 87 
52 87 
5◄ 90 
56 93 
5◄ 90 

56 93 
56 '33 
◄9 132 
◄6 77 
53 80 

66 l lO 
52 87 

C H 2 M H I L L 
n"u on NrA 1 1=.1 :i, : ,..,, 

RPO . -------

l ◄ -12 
12 
13 
12 

20 
17 
51 
56 
38 

I 

22 
26 
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A N A L Y T [ C ~ L R E P O R T 
PAH/FHENOLS by GC/FID 

Client: CH2M HILL/GLO 
Sample Identification: Soil - Moss American, Sample S, Grab, 2/1/87, 1130 

Lab No: Sam S 
Date Received: 

PAH COl'IPOUNOS 

Q2/ 11)/ 87 
Date E:-:tracted: 
Date Analyzed: 

02/18/97 
0'!/07/97 

E5~fi;iiiif6;T------------------------------ E6~~i~~~~ii3~T 
<PP~) PHENOLIC ACID CO~POUNDS (PPM) 

:------------------------------ -------------:------------------------------ -------------: 
Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene · 
Phenarrthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo<a>ant~racene 
Chrys.ene 
Benzo(blfluoranthene 
Benzo<klfiuoranthene 
Benzo<a>pyrene 
Indeno<t,2,3-cdlpyrene 
Dibenzo(a,hlanthracene 
Benzo<g,h,ilperylene 

, 
'· 

< 

✓-•. 

1 
0.6 
I)• 6 
0,9 
1.5 
1.4 
3.3 
4.7 
2,9 
3. :5 

1 
4.S 

17 
4.7 

1 
6.3 

Phenol 
2-Chlorophenol 
2-Nitrophenol 
Z,4-0imethylphenol 
2,4-0ichlorophenol 
4-Chloro-l-•@thylphenol 
2,4,6-Trichlorophenol 
2,4-Dinitrophinol 
4-Nitrophanal 
4,b-Oinitro-2-methylphenol 
Pentachlorophenol 

1 
< 2 
< ., -< 2 
( 2 

1 
2 

( l ., -< ' s 
' ( 5 

s ,. s ·,, 

:-----------------------------------------------------------------------------------------
SURROGATE RECOVERIES 

2,3-Benzafuran • 
Terphenyl-d14 • 

96 7. 
112 1. 

SURROGATE RECOVERY 

2,4,6-Tribr01ophenal = 120 7. 

·-----------------------------------------------------------------------------------------! 

Comments: No cluriup proc1dur'i1 nre applied to this suple, 

Revie•td by1 --g..--~--------



, . 

A N A L Y T I C A L R E ? 0 R T 
PAH/PHENOLS by GCiF!O 

Cl i ~nt: CH2" HILL/6LD 
Saaple Identification: Soil - ~oss A~erican, Sa~ple 7, Grab, 2/1/87, 1200 

Lab No: Saa 7 
Datt Received: 1)2/10/87 

0atl Ext.rac:t.~d: 
0ah And y:ed: 

02/18/87 
1)3/ 1)8/ 87 

--------------------------------------------- ---------------------------------------------
PAR C0"POUN0S 

:CONCENTRATION 
<PP") PHENOLIC ACID CO"POUNDS 

: CCNCENTRA~ ! ·)lit· 
( PF'Fl) 

:------------------------------:------------- ------------------------------:-------------
Nipht.halen• 51 Phtnol ( 11) I) 

Acenapht.hylana s~ 2-Chlorophenol ( 100 
Ac1napht.h1n1 880 2-Nitrophanol ( 1 !)I) 
nuorana 040 2,4-Diaethylphenal < tOQ 
Phenanthrena 2100 2,4-Dichlorophenol < DOIi 
AAt.hracana 760 4-Chloro-3-•ethylphenal ( M0 
Fluoranthena 31)00 2,4,o-Trichlorophtnol < 100 
Pyrane 2600 2,4-0initrophtnol < 2,0 
8en:ola>ant.hrac1n1 190 4-Nit.rophinal 161)1) 
Chrysene 690 4,o-~init.ro-2-•1thylph1nal < 250 
Benzo<b>fluarantheie < 50 Pentachlorophenol 1.3(1) 

B1nzo<klfluarant.hene 40" 
Benz a< al pyrene- ,{ 50 
Indena<1,2,3-cdlpyrene ( 50 
Diben:o<a,hlanthracena ,· 50 '· 
81nzo<g,h,i)perylen• ( 51) 

:-------------------------------------------------------------------------------------··---
SURR06ATE RECOVERIES 

2,3-Benzof~ran a • X 
ferphenyl-dl• ~ ~ z· 

SURROSATE RECOVERY 

2,4,6-Tribroaaphtnol = • Y. 

:------------------··---------------------------------------------------------------------: 
Couents: !Ito cl•11u,,-:,,ac1•urH ••re applied to this saaple. 

• Surrav•t• recoveries •ere not determined due to the largedilutio~ 
needed far inilysis. 

Revi111ted by: 



• ~ N A L Y T I C A L ~ E P O R T 
PAH/PHENOLS by GC/F!O 

Client: CH2" HILL/Gl.~ 
Sample Identification: Sail - ri,055 A11eri.can, Sa11ple 15, Grab, 2/1/87, 1400 

Lab Na: Saa 15 
o.t~ Received: 02/10/87 

o.te Extracted: 
!lat• Ana-1 yzed: 

02/18/87 
03/1'?/87 

-------------------------------------------------------------------------------------------CONCENTR4'TION: \CONCENTRATION: 
PAK CO"POUNDS <PPft) PHetQLIC ACID CO"P<lll.t4DS ,op~) 

:------------------------------ -------------:-----------------------------~------------; 
Na~hthalen• < 
Acenaphthylene 
Acenaphthana < 
Ft uarena < 
Phananthrana 
Anthracana 
Ftuaranthene 
Pyrene 
hnza < a> anthracene· 
Chry911ne 
Ben:aib)fluarantha.na 
9anza(klf1uaranthene 
91m:a<a>pyrene 
Indena<l,2,3-cdlpyrene 
Dibenza<a,h>anthracene 
Benza<g,h,ilparylen• 

< 

1 
0.6 

1 

' 2.0 
1.~ 
4,, b I 

·I 

b,l I· 
I 

l 
8.9 

1 
8.1 
2.9 
3. 1. 
1.2 
4.o 

Ph•nal < . ., 
"' 

2-chl araphanal < z 
2-Ni traiahanal ( .., 

" Z, 4-Di ■wthyL,rhanal < 2 
?, ♦-Dichlaraphanal ( !2 
4-0,lara-l-~athyl~hanol <. ~ 2 
2, 4, b.-·rri c:.hl araphenal ( .2 
2,4-Dinitraph•nal < ,5 

4-Mitraphanal l s 
4,6-0trTitra-2-•.thylphenal .. 

,J 

PentiLc.n l araph.nal 4 

:-------------------------------------~---------------------------------------------------~ 
SURRO&ATE RECOVERIES SURROIATE RECOVERY 

2,3-Banzofuran ~ 92 X 
T•rpltanyl •ct·l .. • 9~ X 

2,4,&-rribra■aphenol = 77 1. 

:----------------------------------------------------------------------------------; 
Co1111ants: Na, c1-.. .• ..-cntaa were, applied ta this uaple. 



I 

A N A L Y T I C A L R E P O R T 
PAH/PHENOLS by GC!FIO 

Cli~nt: CH2" HILL/GLO 
Sam~le Identification: Soil - ~ass American, Saeple 17, Grab, 2/1/87, 1410 

Lab No: Sam 17 
Date Received: 02/10/~7 

D~te ~xtracted: Q2/18/87 
Datt Analyzed: 03/08/87 

------------------------------:CONCENTRATioN: ______________________________ :cjNCENT~ATICN: 
PAH CO"POUNDS (PP") PHENOLIC Aero CO?IPOUNDS (PP~) 

------------------------------:-------------:------------------------------:-------------~ 
Naphthalene o.a Phenol < ., -Acenaphthylene 1. 8 2-ChloP"ophenol < 2 
Acenaphthene 1.0 2-Nitrophenol < 2 
Fluorene O.b 2,4-0i ■ethylphtnoI / ., 2 '· 
Phenanthrene s.o 2,4-0ichlorophenoI < ·2 
Anthracene l,7 4-ChloP"o-3-•ethylphenol < 1.2 

FluoP"anthene 1'1 2,4,6-TrichloP"ophenol < !.t 
') 

Pyrene 41) 2,4-0initP"ophenol < : ·5 
Ben?o(a)anthracene 9.0 4-Ni trophenol . . 4 
ChP"ysen·e 14 4,6-Dinitro-2-•~thylphjnoI < s 
Benzo(bJffuoranthen, < 1 Pentachlorophenol ,, -Benzo<k> fluoranthene· 3S 
Benzo(a)pyrene 14 ., 
Indeno<l,2,l-cdlpyrene < 1 
Cibenzo(a,h)anthracent 10 
Benzo(g,h,ilpeP"ylene 12 

:-----------------------------------------------------------------------------------------· 
SURROGATE RECOVERIES 

2,l-Bentalur~n a 96 X 
Terphtnyl-dl4· a 74 l 

SURRO&ATE RECOVERY 

Z,4,6~Tribr01ophenol = 112 X 

·-----------------------------------------------------------------------------------------
1 Comaients: Na···crilnirlf!ir·ac1d,Ni1 -... re applied to this sa■ p.le. . 

RevieNed by: 



I 

A N A L V T I C A L R E P O R T 
PAH/PHEN0LS by GC/"9 

Client: CH2ft HILL/GL0 
Sa■ple Identification: Laboratory "eth-od Blank 

Lab Mo: 040378S2 
Date Rec1i ved: NIA 

Date Extracted1 04/03/87 
D~t• Anllyzed: 04/05/!7 

------------------------------:coNceNrRirroi7 ______________________________ :coNciNrRArra~: 
PAH COftPOUNDS (PP~) PHENOLIC ACfD caNPOUNDS <PP") 

------------------------------ ------------- ------------------------------·-------------: 
Naphthalent < 0.4 Phenol < 0.4 
Ac1naphthylen1 < 0.4 2-Chlorophenol < 0.4 
Actnaphthen• < 0.4 2-Mitrophenol < 0.4 
Fluor1n• < ~.4 2,4-Diaethylphtnol < o.~ 
Phenanthrtne < 0.4 2, 4-Di chl oropheno·l . < a;_, " 
Anthracene < 0.4 4-Chloro-l-■ethylphanol < ~· Fl uoranthtne· < 0.4 2,4,o-Trichlorophenal < ~· P'fren• < 0.4 2,4-Dinitraph•nal ,. < ?.Q· 
tenzo<a>anthracen• < 0.4 4-Nitraphtnal < 2.0 
ChryMne < 0.4 4,o-lknitr~-2-aethylph-encl < 2.0 
Benzo<b>fluoranthene· < o. 4, Ptntachlaraph•nal ( 0,4 
Benza<k>fluoranthene < 0.4 
S.nza<alpyrene < 0.4 
Indeno<l,2,3-cd)pyrene ( 0.4 
Dibenzo<a,h>anthracen• < 0.4 
Benza<g,h,i)perylan•. < 0.4 

-------------------~--------------------------------------------~------------------------: 
SURR08ATE RECOVERIES SURR08ATE R!COYERY 

2·, l-Ben1 afur an • 70 X, 
Terphenyl-dl4 ~ 7~ t 

:---------------------·~~----~------------------------------------------------------------: 
Co11aents: 



Client: CH2" HILL/6LO 

A N A L Y T I C A L R E P O R T 
PAH/PHENOLS by GC/NS 

Sa•ple Identification: Soil - "055 Aaerican, Saaple 11 Grab, 2/1/87, 1030 

Lab No: Sa ■ l 
Date Received: 02/10/87 

PAH CO"POUNDS 

Ditt Extr1ct•dt 04/03/87 
Oitt An1lyzed: 04/0,/87 

coNtENTRArtoN: ______________________________ :coNcENrRirioN: 
<PP"> PHENOLIC ACID CO"POUNDS <PP~l 

:------------------------------ -------------:------------------------------ ---------~---: 
' Naphthalene 

Ac:enaphthylene 
Acenaphthene 
Fluorine 
Phenanthrene 
Anthrac:en1 
Fluoranthene 
Pyrene 
Benzo<a>anthrac:1n1 
Chrysene· 
Benzo<b>fluoranthen1 
81nzo(k)fluoranthen1 
Benzo<a>pyrene 
Indeno<l,2,3-cdlpyrene 
Oibenzo<a,h)anthrac:tn• 
Benzo<g,h,i>p1ryl1ne 

< 0.4 
< 0.4 
< 0.4 
< 0.4 
< 0.4 
< 0.4 
< 0.4 
< 0.4 
< 0.4 
< o. 4, 
< 0.4 
< 0.4 
< 0.4 
< o. 4· 
< 0.4 
< 0.4 

Phenol 
2-Chloroph•nol 
2-Nitrophenol 
2,4-Di ■ethylphtnol 
2,4-Dic:hlorophenol 
4-Chloro-l-aethylphenol 
2,4,o-Trichlorophenol 
2,4-Dlnitrophenol 
4-Nitrophenal 
4,6-~initro-2-■ethylphenol 

Pentac:hloroph•nol 

< 0.4 
< 0.4 
< 0.4 
< 0.4 
< o. 4 
< 0,4 
< 0.4 
< 2, 0 
< 2.0 
< 2.0 
<. 0. 4 

:--------------------------------------------------------------:-----------~---------~----: 
SURROGATE RECOVERIES SURRO&ATE RECOVERY 

2,3-Benzofuran s 

Terphenyl-dl4.-• 
2,4,6-Tribro1oph1nal • 90 l 

-----------------~-----------------------------------------------------------------------· • I 

Co ■■ents: 

Revi•••d bya 



' . 
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C 1 i en t: CH2Pf H IlL:/6LO 

AN AL y ·r IC AL RE pa RT 
PAH/PHENOLS by GC/PIS 

Sample Identification: Soil - Plots Aaerican, Simple :5, Grab, 2/1/87, 1130 

Lab No: SH :5 
Ditl Received: 02/10/87 

Dita Extricted: 04/03/87 
Ditl Analyzed: 04/0:5/87 

coNtENTRATtoN _______________________________ coNtENTR~ri □ N: 

PAH CO"POUNDS <PP"> PHENOLIC ACID CO"POUNDS <PPM> 
------------------------------ ------------- ------------------------------ -------------
Niphthilene 
Acenaphthylen• 
Acanaphth1n1 
Fluoren• 
Ph1nanthr1n1 
Anthr1een• 
Fl u0r1nth1n1 
Pyr1n• 
Benz0Calanthrac1n1 
Chrysen•· 
Benzo<b>flu0ranth1n~ 
8enz0<klflu0ranth1n1· 
Benz a <al pyren,, 
Indeno<l,2,3-cdlpyrane 
Dibenzo(a,hlanthracen1 
Benz0<g,h,ilp1ryl1n1 

< 0.4 
< 0.4 
< 0.4 
< 0.4 

0.7 
o.s 
1. 7 
1.8 
0. :5 
1.3 
2. 9"' 
1. 2 
l. 0 
1.8 

< 0.4 
2. l 

Phenol 
2-Chlorophenol 
2-Nitrophenol 
2,4-Dia1thylph1n0l 
2,4-Dichlorophenol 
4-Chloro-3-aethylphenol 
2,4,6-Trichlor0ph1n0l 
21 4-Dinitroph1n0l 
4-Nitrophanol 
4,6-Dinitro-2-••thylphenol 
Pentachlorophenol 

< 0.4 
< 0,4 
< 0.4 
< 0.,. 
< o. J 

< o. J. 

< 0.4 
< 2,0 
< 2,0 
( 2.0 
( o. 4, 

-----------------------------------------------------------------------------------------: 

" • 

SURROGATE RECOVERIES 

2,3-Binzofuran • 66 % 
ierphenyl-dl~ • 77 % 

. 

,.. 
SURROGATE RECOVERY 

2,4,6-Tribr010phenol = 80 Y. 

:----------------~-----------------------------------------------------------------------: 
C01ments: PAH 1nct Phenol fractions •er, 1nalyz1d sepirately. 

•' ; 

Revie•ed by: 



A N A L V T I C A L R E P O R T 
fAH/PHEMCLS by &C/"S 

Client: ~ HILL/11.LO 
Saaple Id~tificatiDfl: Soil :-· "Clas-· Aitef'ic1n, Suple 7, Grab, 2/1/87, 1200 

Lab No: Saa 7 -
D•te Received: 02110/87 

o ... t.. ~x·tract•d: 04/03/87 
ht.e Anal y-z.ed& o.4/~/ft7 

-----------------------------------------------~------·---------------------- --------------:t1)ttC£-trrAA·TION COMCENTRA TI ON: 
PAH COttPOUNDS < PPft > PH€*0L IC ACID COIIPOUMO.S < PPf'l l 

:------------------------------ ------------- ------------------------------- -------------! 
Jwpft.tl\.Ahna 

' ken•phthtl ene 
Acenapnther-.. 
FluoreM 
Phen~n-thren• 
Anttw'iCAM 
F 1 uar an-t t\.n. 
Pyrene 

' a.nza<a>antbracene 
Chrys■n• 
hnza(b)fluorantheu 
Benza(k> fluor.ntbafte, 
Benzo <•> pyr.ne· 
Indeno<l,2,l-cd)p'ff'aM 
Dib.anza<a,h>anthracane 
Bezo<g,h,i>p.,.ylen. 

34 
< 4.0 

440 
330 
1100 
llO 
1800 
1400 
260 
llO 
210 

96 
120 

48 
14 
5-1 

-Pbenal 
2-Ch l.or Q1fflena 1 
2-tUtr~nal 
2,4-DiNthylphenal 
2,4-Dtc:1'1orQlffienal 
4-Chlva-t-wthylpMnol 
2, 4 ,6-Tri chl arophenol 
2, 4-IH ni trcaphnal 
4-ttttr ...... al 
4,o-lM.ni tro-2-ut:tlyl phnol 
PflltKhl araphenol 

( o.e 
< o.e 
< o.a 
( 0,8 
< .. , 
< (). 8 
< (). a 
( ... o 
( 4.0 
( 4.0 
( 0.8 

-----------------------------------------------------------------------------------------SURRO&ATE RECOVERIES 

2,l•BeM•fwN • S.1 I 
TwptlNyl-.1-' • 7' l 

••tt: ---~ff~4ou· ••r• ·•nalyz.td· 9-,u&tely. 
·r -~ 



-
A N A L Y T I C A L R E P O R T 
PAH/PHENOLS by 6C/"S 

Client: CH2" HlLL/6LO 
S1apl1 Id1ntific1tion: Soil - "011 Aaeric1n, S1 ■ple lS, 6r1b, 2/1/87, 1400 

Lib No: S1■ lS 
D1t• Received: 02/10/87 

DAt•·Extr1ct•d: 04/03/87 
. D1t1 An1lyz•d1 04/0S/87 

-------------------------------------------- ---------------------------------------------
PAH CO"POUNDS 

:CONCENTRATION 
<PP") PHENOLIC ACID CO"POUNDS 

:CONCENTRATION: 
<PPP9> 

------------------------------:------------- ------------------------------:-------------: 
N1phthl•n• < 0.4 Ph1nal < 0.4 
Ac1n1phthyl•n• < 0.4 2-Chlaraphenol < 0.4 
Ac•n1phthen• < 0.4 2-Nitraphenal < 0.4 
Fluor en• < 0.4 I 2,4-Di ■ethylphenal < 0.4 
Ph1n1nthrane o., 2,4-Dichlarophenol < ~.4 
Anthr.c1n• 0.4 4-Chlara-l-aethylphenal < (t, 4 
Fluar1nth1n1 2.3 2,4 1 6-Trichloroph1nol < 0.4 
Pyr•ne 2. l 2,4-Dinitrophenol < 1~0 
B1nz0<1>1nthr1c•n• 0.4 4-Ni trophanal < 2.0 
Chrysene 1. 5 4,6-~initro-2-■ethylphenal < 2.0 
B•nzo<b>fluar1nth•n~ 3.0 P•nt1chlarophenal < 0.4 
B•nzo<k>fluar1nth•n• l. l 
Benzo<1>pyrene o., 
Indena<l,2,3-cd>pyr•n• l. 5 
Dib1nzo<1,h>1nthr1c•n• < 0.4 
Benzo<g,h,i>p•ryl•n• 2.1 

-----------------------------------------------------------------------------------------: 
SURR06ATE RECOVERIES 

2,3-Benzafurin ~ SOX 
T1rph■nyl-d14 • 73 % 

SURRD&ATE RECOVERY 

2:, 4, 6-Tri bra■oph1nol. = 11· x: 

:-------------------~---------------------------------------------------------------------: 

RaYiHld bys 



• A N A L Y T I C A L R E P O R T 
PAH/PHENOLS by 6C/"S 

Client: ~H2" HILL/6LO 
Siaple Identification: Soil - "oss Aaerican, Saapl• 17 1 6rab, 2/1/87, 1430 

Lab No: Sa■ 17 
Date Racaiv•ds 02/10/87 

Dat• Extracteda 04/03/87 
Date Analyzed& 04/05/87 

------------------------------:coNciNiRiiioNt ______________________________ coNciMrRArioN-
PAH CO"POUNDS CPPN) PHENOLIC ACID co",OUNDS (PP") 

------------------------------ -------------:------------------------------ -------------: 
Niptlthil•n• 
Acenaphthyl•n• 
Ac•naptlthen• 
Fl uoren•· 
Phenanthr•n• 
Anthracen• 
Fluor ant hen• 
Pyrene 
Benzo<a>anthracene 
Chry11n• 
Benzo<b>fluoranthene 
Benzo<k>fluoranthene 
9enzo<a>pyr•ne 
lndeno<l,2,3-cdlpyren• 
Oibenzo<a,h>anthracene 
Banzo<g,h,ilperylen• 

o., 
< 0.4 
< 0.4 
< 0.4 

l. o 
f). 9 

'. l 
17,0 
l. 9 
l.9 
,.a 
1.11 
3.o 
o., 

< 0.4 
< f).4 

Ptiienol 
2-Chloropheftol 
2-Nitropt\enol 
2,4-Diaethylpheftol 
2,4-Dichloroptleftol 
4-Chloro-3-••ttlyl,tlenol 
2,4,o-TrictiiloropReRol 
2,4-Dinitroph•nol 
4-Nitrophenol 
4,o-~initro-2-••thylph•nol 
Pentachlorophenol 

< 0.4 
< 0.4 
< 0.4 
< O. ♦ 
< 0-_4 
< 0.4 
< 0.4 
< 2rO 
< 2.0 
< 2,0 
< 0.4 

:-----------------------------------------------------------------------------------------: 
I SURRO&ATE RECOVERIES 

2,3-Benzofuran • 32 i 
Terpheny1-,14 •· 44 i 

SURRO&ATi RECOY[RY 

------------------~~~---------------------------------------------------------------·----: 
C011ent1: PAH ••-~P.,eftel fraction• ••re •n•lyz•d 1ep•rat1ly • 

. • ·.q "i:. 



M A T ~ I X S P I ~ E R E S U L T S 

L4'borat.ory No.:- SlPAH-5.~l frclc~ion: PAH by GC,'t15 
i 

f1•t.ri><: Soil 

Sa•ple lle$cript.ion: H.tri>< .pi~e .;mq •at.ri>< spike duplicate into »oil »a~ple l..beled 
No&& fuaerican, StiMllple l, Grab, 2/1/87, 1030. 

(;Qru::,tntr-ilt. ion S-iit11plw 
Coinpound Eipilflitd <PPB> Re:ault <PPB> 

------------------------ ------------- ------------
NAPHTHALENE 50 
ACEHAPHTHVLENE 60 
ACENAPHTHEHE ~ 
FLUORENE 50 
PHENAHTHRENE 50 

AHTHRACENE 50 
FLUORANTHENE 50 
PVRENE 50 
BENZ0<R>AHTHRACENE 50 
CHRVSENE 50 

BENZ0CB>FLUARAHTHENE 50 
BENZ0<K>FLUORRNTHENE 50 
BEHZ0<R>PVREHE 50 
INOENO<l23-CO>PVRENE 50 
0J~NZ0<RH>ftNTHRR. ijO 

BENZ0(GHI>PERVLENE 50 
2,3-0ENZOFURAH M 50 
TERPHENVL-dl ◄ • 5Q 

• Si.a-rag .. t.e 

Percent Recovery 
Spika Result - 5~~•• Ae5ult 

- ----------------------------
Concentrati~ Spiked 

Spike R~~ult - 0uplicat• Spik~ ~esult 
RPD = -------------------------------------

Spi~e ~e&ult ♦ Duplicat• Spi~~ ~~$ult 

C:llmmi=-nl::.: 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
---
---

>< 100 

>< 200 

Spike 
Spike Percent. Ouplicatw Spika;, 

Re.ult <PP8> Recovery Rwault (PPB> 
------.----- --------- ---------------

39 78 ◄5 
◄0 80 ◄◄ 
◄O 80 ◄3 
◄ l 82 42 
◄2 8◄ 46 

40 80 4◄ 
◄4 88 46 
◄5 90 ◄7 
◄3 86 ◄2 
◄2 8◄ ◄2 

◄2 84 ◄5 
◄6 92 45 
4◄ 88 ◄5 
◄ l 82 ◄7 
◄ l 82 47 

◄0 80 46 
33 66 38 
43 86 46 

04pl icaite 
PercRnt 

Re~0v.ttry 
---------

90 
ae 
86 a, 
92 

88 
92 
9◄ 
8◄ 
8◄ 

90 
90 
90 
94 
94 

92 
76 
92 

f H 2 M H I L L 
E.NVIIWNMENTftL LHl:1 ,, . ; i_i"IR\' 

Qfl0 
I -------

14 
10 
7 -2 
9 

10 
4 
4 
. ., ... 
0 

7 
2 
. ., ... 

14 
1-4 

1-4 
l ◄ 
7 -



H A T R I X 5 P I .: E R E S U L T S 

Laborat~ry No.: SlAC-5.WKl Fr~c~~on: Phenolic Acid~ by GC/NS H.tri>e: Sail 

5~1~ OescriptiQl'l: Natri>e spike ~nd ~•tri>e spike duplicate into soil saapla lilbeled 
Hosa lu,eric..-, Saapla 1, Grab·, ?/l/87, 1030~ 

Concentr.ation 5.aapl• Spike 
Coapound Spiked, (pPB> Result. <PPB> R~•ult <PPB> 

------------------------ ---------- ------------ ------------
PHENOL 100 0 79 
2-Ct-t..ORCAENOL 100 0 76 
2-NITROPHENCL 100 0 80. 

2, ◄-0IHETHVLPHENOL 100 0 74 
2, ◄-0ICtLOROPHENOL 100· 0 · 81 

4-CL-3-tE PHENOL 100· 0 84 
2,4,6-TRICL PHENOL 100 0 82 
2, ◄-0INITROPHENOL 100 0 73 
◄-NITROPHENCL 100 0 82 
2-HE-4,6-01~ Pt£NOL 100 0 82 .. 
PENTACHLOROPHENOL 100 0 85 

2, ◄ ,6-TRl8ROtllPHEHOL ~ 100 87 

M SurroCJ41t.. 

Spike R•sult - ~l• Result 

Concentrat~on Spiked 

>< 100 

:-< 200 
RPO= -------------------------------------

C, l,nment ,.; : 

Spike 
Perc&•nt Duplicate Spike 

R•cova;,ry R•sult <PPB> 
---------- ---------------

79 78 
76 7◄ 
00 85 
7 .. 78 
81 85 

84 89 
82 86 
73 71 
82 85 
82 es 

85 91 
87 88 

Oupl ic.ate 
Percent 

R•covery 
---------

79. 
7◄ 
85 
78 
es 

89 
86 
71 
85 
85 

91 
88 

C H 2 H H I l l 
f NV I RONNENTHL LHBORH I 1:1RY 

RPO 
-------

1 
3 
6 
5 
5 

6 
5 
3 
4 
4 

7 
l 



A N A L Y T I C A L R E P O R T 
PAH/PHENOLS by 6C/"S 

Client: CH2" HILL/&LO 
Saaple Identification: Laboratory "ethod Blank 

Lab No: 040378S l 
Date Received: N/A 

PAH COPtPOUNOS 

Naphthalene 
Ac1uphthyl1na 
Ac1naphthene 
Fluor ■n• 
Phenanthrene 
Anthracena 
Fluoranthen• 
Pyren• 
81nza<a>anthracen1 
Chrysen•, 
81nza<b>fluoranth1n• 
B1nzo(klfluoranth1n1 
Benzo<a>pyran• 
Indeno<l,2,3-cdlpyrtn• 
Oib1nza<a,hlanthrac1n1 
B1nzo<9,h,i)perylen1 

Data·Extractad: 04/03/87 
Dat•·Analyzed: 04/0,/87 

------------- ------------------------------CONCENTRATION 
<PP"> PHENOLIC ACID COPtPOUNDS 

------------- ------------------------------
< 0.4 Ph1nol 
< 0.4 2-Chlorophanol 
< 0.4 2·Nitroph1nol 
< 0.4 2,4-0i ■1thylph1nol 

< 0,4 2,4-Dichloroph1nol 
< 0,4 4-Chloro·3-■1thylph1nol 

< 0.4 2,4,6-Trichlaroph1nol 
< 0,4 2,4-0initraphinol 
< 0.4 4·Nitraph1nol 
< o. 4. 4~6-Dinitro-2-••thylphenol 
< 0.4 P~ntachlaroph1nol 
< 0.4 
< 0.4 
< 0.4 
< 0.4 
< 0.4 

CONCENTRATION: 
( PPP1 l 

-------------: 
( 0.4 
< 0.4 
< 0.4 
< 0.4 
< 0,4 
< 0,4 
< 0.4 
< 2.0 
< 2.0 
< 2.0 
( 1). 4 

-----------------------------------------------------------------------------------------: 
SURR06ATE RECOVERIES 

2,3-81nzafur1n • 
T■rph ■nyl-d 14 • 

92 l 
87 1 

, 
SURRO&ATE RECOVERY 

2,4,6-Tribroaap~enol = 

:-----------------------~--------------------~--------------------------------------------: 
Coaaents: Na cl11nup prac1dur1s w1r1 appli•d to this sa■pl1. 

Rlvi•w•d by: 



A N A L Y T I C A L R E P O R T 
PAH/PHENOLS by ~C/1'1S 

Client: CH2PI HILL/6LO 
Suple Identification: Soil - 1'1ou AHrican, Saaplt-1, Grab, 2/1/87, 1030 

Lab No: Saa 1 
Datt Rtceivtd: 02/10/87 

Datt Extracted: 04/03/87 
Datt Analyttd: 04/0,/87 

-------------------------------coNtENTRATioN _______________________________ coNcENTRArtoN: 
PAH C01'1POUNDS <PPl'1> PHENOLIC ACID CO,.POUNOS <PP~l 

------------- ------------------------------ -------------~ 
Naphthalene 
Actnaphthylene 
Actnaphthent 
Fluarene 
Phtnanthrtne 
Anthractne 
Fluaranthene 
Pyrtne 
81nz0<a>anthrac1ne 
Chrysene 
Benzo<b>fluaranthene 
Benza<klfluaranthene 
Btnza <a> pyrene· 
Indtna<1,2,3-cdlpyrtne 
Dibenzo<a,h>anthracene 
Benzalg,h,ilp1ryl1ne 

< 0.4 
< 0.4 
< 0.4 
< 0.4 
< 0.4 
< 0.4 
< 0.4 
< 0.4 
< 0.4 
< 0.4 
< 0.4 
< 0.4 
< o. 4; 
< 0.4 
< 0.4 
< 0.4 

Phenol 
2-Ch l orophenal 
2-Nitrophenal 
2,4-0i ■ethylphenol 
2,4-Dichlarophenal 
4-Chlora-3-■ethylphenol 
2,4,6-Trichlorophenal 
2,4-Dinitrophenol 
4-Nitraphenol 
4,6-~initra-2-••thylphenal 
Pentachlorophenal 

< 0.4 
< 0,4 
< 0.4 
< 0,4 
< o. 4 
< o .• 4 
< o. 4 
< 2.0 
< 2.0 
< 2. f) 
< 0,4 

I 
. I 

-----------------------------------------------------------------------------------------: SURRO&ATE RECOVERIES SURRO&ATE RECOVERY 

2,l-Benzafuran • 66 X 
Terphenyl-dl4 • as 1 I 

I· 

2,4,6-Tribro■aphtnal = 78 r. 

-----------------------------------------------------------------------------------------: 
C01■ents: Na cleanup prac1durew ••r• applied to this s•■ple. 

Revitwed bys 



A N A L Y T I C A L R E P O R T 
PAH/PHENOLS by GC/NS 

Client: CH2N HILL/6LO 
Saaple Identification: Soil - Noss A••rican, Saapl• 7 1 Srab, 2/1/87, 1200 

Lab No: Sa ■ 7 
Date Received: 02/10/87 

Date Extract•d: 04/03/87 
D1t• An1lyz1d: 04/05/87 

------------------------------ ----------------------------------------------------~-----CONCENTRATION: :CONCENTRATION 
PAH CONPOUNDS <PPN> PHENOLIC ACID CONPOUNDS IPP~l 

------------------------------ -------------·------------------------------:-----~-------
N1phthil1ne 
Ac1uphthyl1n• 
Ac1n1phth•n• 
Fluor1n• 
Ph1unthr1n1 
AnthriCen• 
Fluoruthen• 
Pyr1n• 
B•nzo<a>1nthr1c1n1 
Chrysen1 
Benzo<b>fluoranthene 
Benzo<k>fluor1nth1ne 
Benzo<a>pyrene 
Indano<l,2,3-cd>pyrene 
Dibenzo<1,h>anthrac1n1 
Benzo<g,h,i>peryl1ne 

< 

70 
45 

600 
420 
1300 
340 
2200 
1600 
440 
550 
350 
170 
210 
110 

10 
.9S 

Phenol ( 10 
2-Chlorophanol ( 10 
2-Nitrophinol ( 10 
2,4-Dia1thylph1nol < 10 
2,4-Dichlorophanol < 10 
4-Chloro-l-••thylph•nol ( 10 
2,4,6-Trichlorophanol < 10 
2,4-Dinitrophenol < 50 
4-Nitraph•nol ( 50 
4,6-~initro-2-••thylphenol < so 
Pentachlorophanol < 10 

--------------------------------------------------------------:--------------------------: 
SURROGATE RECOVERIES SURROSATE RECOVERY 

2,l-B•nzofuran • 
T9rphenyl-d14· • 

48 1 
29 % 

-----------------------------------------------------------------------------------------. 
C0■1ents: No cleanup proc•dur11 ••r• 1ppli1d to this 11aple, 

• Surro9&t■ not r•cov•r•d. 

Ravi•••d bya 



M A T R I X 5 P I K E R E 5 U L T 5 

L~rat.ory No.: SlPAH-S.MKl Frac~.on: PAH blJ GC/MS 

Salhple Description: Natrix &pike .-nd ~atrix spike duplicate into soil salllf)l~ labeled 
Hos& fuieric~, S.aiaple l, Grab, 2/1/87, 1030. 

Spike 

Hatrix: Soil 

Concentration 
Spik.d. <pPS> 

Sampht Spike Percent Oupl icate Spik~ 
Colllf>ound Result (PPB) 

·------------------------ ------------ ------------
NAPHTHALE;NE 50 
ACENAPHTHVLENE 50 
ACENAPHTHENE 50 
FLUORENE 50 
PHENAHTHRENE 50 

ANTHRACENE, 50 
FLUORANTHENE 50 
PYRENE · 50 
BENZO<A>RNTHRACENE 50 
CHRYSENE 50 

BENZO(B>FLUORANTHENE 50 
BENZO<K>FLUORANTHENE 50 
BENZO<A>PYRENE 50 
INOEN0<123-CO>PVRENE 50 
0IBENZ0<AH>ANTHRA. 50 

BENZO<GHl>PERVLENE 50 
2,3-BENZOFURAN • 50 
TERPHEHVL-dl-4 • 50 

---------------------------- \ 

• Surrog.-te 

Percent. Recovery = 

RPO= 

Concentrat~on Spiked 

Spike Result - Duplicate Spik~ Result 
--------------------------------------
Spike Result+ Duplicate Spike Result 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

>< 100 

>< 200 

~esult <PPB> 
------------

◄O 
◄ I 
◄ l 
41 
41 

38 
◄4 
45 
◄2 
◄O 

47 
◄5 
◄6 
57 
59 

55 
35 
46 

Coauiient::S: Na cleanup procedures were ~ppl ied to thi:S sample. 

Recovery Result <PPB> 
--------- ---------------

80 46 
82 ◄◄ 
82 42 
82 42 
82 43 

76 40 
88 44 
90 45 
84 38 
80 38 

94 46 
90 47 
92 46 

11 ◄ 52 
118 55 

110 51 
70 41 
92 4◄ 

Duplicate 
Perc~nt 

Recovery 
---------

92 
88 
8◄ 
84 
86 

· 80 
88 
90 
76 
76 

92 
94 
92 

104 
110 

102 
82 
88 

C H 2 M H I L L 
ENVIRONMENTAL LfiBORHTORY 

RPO 
-------

14 
7 
2 
2 
5 

5 
0 
0 

10 
5 

2 
4 
0 
'3 
?. 

a 
16 -4 
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H A T R I X 5 P i ~ E R E 5 U L T S 

Laboratory No.: SlAC-5.Mt<l Fraction: Phenolic Acid~ by GC/ttS 

~le Description: H•t.riM s.pike ~d ~•t.riM spike duplic~te into soil s~le l~led 
tto&& Reeric~, 5.-ple l, Gr•b, 2/1/87, 1030. 

PHENOL 
2-CK..OROPHENOL 
2-HITROPHEHOL 
2 1 ◄-0INETHYLPHENm. 
2 1 ◄-Dlctt...OROPHENOL 

4-CL-3-t1E PHENOL 
2, ◄ .6-TRICL PHEHOL 
2, ◄-0INITROPHEHOL 
4-N ITROPHEHOL 
2-NE-◄ ,6-0INO PHENOL 

PENTACHLOROPHENOL 
2, ◄ ,6-TRIBRONOPHEHOL N 

Cancentr•lion 
Spiked <pPB> 

100 
100 

· 100 
100 
100 

100 
100 
100 
100 
100 

100 
100· 

S•aple 
Result. <PPB> 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

Spike 
Result <PPB> 

73 
70 
80 
7◄ 
79 

07 
04 
75 
90 
86 

04 
91 

Spike Result. - Sc.~le Result 

Concent.r~tion Spiked 

>< 100 
Percent Recovery = 

RPO = 
Spike Result. - Duplicate Spike Result 

Spike Result.+ Duplicate Spike Result. 

>< 200 

Ca111111ents: No cleanup procedures wt?re applied to this ::;ample. 

Spike 
Percent 

Recovery 

73 
70 
80 
74 
79 

87 
04 
75 
90 
86 

8◄ 
91 

Ouplic•le 
Duplicate Spike Percent 

Result. <PPB) ~ecovery 

eo 
79 
88 
82 
87 

90 
87 
74 
04 
00 

90 
86 

C H 2 H H I L L 

80 
79 
88 
82 
87 

90 
07 
74. 
84 
80 

90 
86 

HIV I RONHENTAL LABORA l OR'l 

RPO 

9 
12 
10 
10 
10 

3 
4 
1 
7 
7 

7 
6 
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Appendix D 
SAMPLING PLAN 

FOR THE 
PHASE I REMEDIAL INVESTIGATION 

AT THE MOSS-AMERICAN SITE 
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R-~ion No. 3 -------Date October 15, 1987 
Page 1 of 14 

SAMPLING PLAN 
REMEDIAL INVESTIGATION/FEASIBILITY STUDY 

MOSS-AMERICAN SITE MILWAUKEE, WISCONSIN 

1 . 0 OB.JECTIVE 

This Sampling Plan (SP) has been prepared to provide the 
strategy for data gathering during the Phase I remedial 
investigation at the Moss-American site. This SP has been 
designed to address the data uses and data quality objec­
tives (DQO's) developed in the QAPP. The objectives of this 
SP are to: 

o Summarize the methods used to select the sample 
locations 

o Define the number of samples to be collected 

o Describe the procedures used for sample collec­
tion, preservation, packaging, and transport 

o Define the necessary documentation for sample cus-
tody and recordkeeping 

In summary, this Sampling Plan presents the procedures to be 
used for soil boring and installing monitoring wells for 
performing hydrologic studies, and for obtaining samples of 
groundwater, surface water, sediment, and soil at the Moss­
American site and in the Little Menomonee River. 

The following sampling activities will occur during this 
Phase I remedial investigation. An estimated 15 shallow, 5 
medium, and 3 deep monitoring wells will be installed. Sub­
surface soil samples will also be collected during well 
installation. Groundwater samples will be taken from all 
23 monitoring wells. Approximately 250 surface soil samples 
will be taken during the initial screening using a split 
spoon sampler. Approximately 257 sediment samples from the 
Little Menomonee River will be taken during the initial 
screening using a hand corer. Eight surface water samples 
will be taken from locations onsite and in the river. In 
addition, several field blanks and replicate samples will be 
collected from each media to meet QA/QC standards. 
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2.0 SAMPLE LOCATIONS AND DESIGNATION 

2.1 SAMPLE LOCATIONS 

Surface Soil Sampling 

A large number of soil samples are necessary to estimate the 
existence and extent of contaminant migration. The initial 
soil screening strategy (as defined in Task Gl of the Work 
Plan) to identify representative sample locations is an alter­
nate grid-point method. This involves sampling from within 
large grid spacing, analyzing the samples using two screening 
methods, and then reducing the spacing for additional sample 
locations, to define limits of contamination more accurately. 
The sample locations consist of using a 200-foot interval 
initially, which is then reduced to 100 feet, if necessary, 
based on analyses of the 200-foot grid samples. Figure D-1 
shows the grid spacing at 100-foot intervals. These grid 
points will be staked during the site and river survey pro­
gram (Task FM). 

An estimated 250 total surface soil sample locations will be 
identified. Initial soil screening includes 190 sample loca­
tions within areas of apparent disposal, spillage, and pro­
cessing. In addition, 46 sample locations will be selected 
to test for the presence of contamination in unknown or 
unsuspected processing areas. Seven additional samples will 
be taken from offsite locations to establish background levels. 
Seven other sampling locations will be identified during the 
site surveying to measure levels in the active railroad beds. 

Subsurface Soil Sampling 

Split-spoon samples will be obtained at all of the proposed 
monitoring well locations during drilling operations. Con­
tinuous split-spoon samples will be collected from the ground 
surface to a depth of 20 feet (or the bottom of the well). 
Split-spoon samples will be obtained at 5-foot intervals 
thereafter. 

Groundwater Sampling 

Groundwater samples will be collected from the 23 monitoring 
wells (15 shallow, 5 intermediate, and 3 deep) which will be 
installed onsite. Figure D-2 shows the approximate location 
of the monitoring wells to be sampled. Final monitoring well 
locations will be determined based on results of the initial 
soil screening analyses. Some of the wells will be grouped 
in clusters to provide vertical gradient and contaminant 
level data at the same points. The three deep wells will be 
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distributed to provide upgradient water quality data as well 
as more regional groundwater gradient conditions. Interme­
diate depth wells will be installed to intercept potential 
contaminant migration in areas of heaviest soil contamina­
tion based on the results of the initial surface soil screen­
ing analyses. The shallow monitoring wells will be distri-_ 
buted to provide broad based data points for contaminated as 
well as clean areas, and to assist in quanti=ication of con­
taminated groundwater. All well screens will be placed in 
sand or gravel seams, if encountered. 

Surface Water Sampling 

Eight surface water grab samples will be collected from the 
following planned locations: 

o In the drainage ditch on the north side of the 
site (1) where the ditch enters the site; and 
(2) just before the ditch discharges to the Little 

Menomonee River. 

o In the Little Menomonee River (3) upstream of the 
site; (4) ,just below the confluence with the drain­
age ditch; (5) where the little Menomonee exits 
the site; (6,7) at downstream locations to be 
selected after the river survey is complete; and; 
(8) just before the confluence with the Menomonee 
River. · 

The eight surface water sampling locations will be staked 
and flagged during the site and river surveying (Task FM), 
so that the locations can be reestablished if more sampling 
is required. Distance and direction to a permanent feature 
will also be recorded in the event that the stake is destroyed. 

Sediment Sampling 

The initial sediment screening consists of sampling the 5-mile 
length of the Little Menomonee River downstream of the site 
along profiled cross sections on the river. These profiles 
will be surveyed and marked during the site and river survey­
ing, conducted prior to sampling. It is estimated that 26 
such sections, 1,200 feet apart, will be required to charac­
terize and quantify river sedimentation (Figure D-3). 

Six sediment samples will be taken at·· each cross section: 
three at the 0-1 foot interval, and three at the 1-2 foot 
·interval, resulting in a total of 156 total sediment samples 
from the 26 cross sections. 
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An additional 76 sediment sampling locations are planned at 
300 foot intervals. Another 25 sediment samplinq locations 
will be selected to include sampling of river dredgings and 
floodplain deposits and background locations upstream. These 
25 sediment sampling locations will be determined following 
the field surveying. 

In the initial sediment screening, every other cross section 
(13 sections with 6 samples each) will be sampled and 
screened using TC methods to determine oil and creosote 
constituent levels. Timely turnaround of analytical results 
will allow for adjustment of the expected concentration and 
location of the other 13 sediment sampling sections to · 
better define the areas of the river containing contaminated 
sediments. Similarly, the remaining 76 sediment sampling 
locations based on 300-foot intervals may be adjusted 
depending on the results of the initial screening. 

2.2 SAMPLE DESIGNATION 

A CH2M HILL sample numbering system will be used to identify 
each sample for chemical or physical analysis, including 
replicate samples and field blanks. A Sample Management 
Office (SMO) number and a Central Region Lab (CRL) number 
will also be assigned to each sample at the same time. 
Refer to the User's Guide to the Contract Laboratory Program 
(July 1984) for an explanation of the SMO numbers. A list­
ing of sample identification numbers will be maintained in 
the logbook by the Sample Team Leader. Each CH2M HILL sample 
number will consist of three components as described below: 

Project Identification 

A two-letter designation will be used to identify the site 
where the ·sample was collected. For this project it will be 
MA for Moss-American . 

Sample Location 

Each sample will be identified by an alpha-code corresponding 
to the sample type, followed by a three-digit sample loca­
tion number. The alpha-codes are as follows: 

MW--monitoring well, groundwater 
sw--surface water 
ss--surface soil 
SB--soil boring 
SD--river sediment 
FB--field blank 
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Field blanks will have an FB followed by the alpha code for 
the type of blank (i.e., a surface water blank- will be 
FBSW). Similarly, field replicates will be RP followed by. 
the appropriate alpha code. 

Sample Identifier 

All samples will have a two-digit number as the last compon­
ent of the sample identifier. The sampling events will 
start with 01 and progress upward. 

Sample Number Examples 

MA-MWl-02 

Moss-American--groundwater sample 2 from monitoring well 
MW0l 

MA-SW2-0l 

Moss-American--surface water sample 1 from location SW02 

MA-SS021-01 

Moss-American--surface soil sample 1 from location SS021, 
depth to be noted in logbook 

MA-SB00B-04 

Moss-American--soil boring sample 4 (split-spoon 4) from 
boring 8, depth to be noted in logbook 

3.0 SAMPLING EQUIPMENT AND PROCEDURES 

3.1 MONITORING WELL INSTALLATION 

Twenty-three groundwater monitoring wells, (15 shallow, 5 
intermediate, and 3 deep), will be installed at the loca­
tions shown on Figure D-3. The shallow well screens will be 
placed in the zone of fill, peat, and alluvial deposits at a 
depth of 15 feet. The intermediate depth well screens will 
be placed in the upper part of the till, in areas of heaviest 
soil contamination at a depth of 30 to 35 feet. The deep 
well screens will be placed de

1

eper in the till at depths of 
55 to 60 feet. Wells will be designated 'S' for shallow, 
'I' for intermediate, and 'D' for deep. Screen-settings 
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will be adjusted to fit the apparent most permeable materials 
in each zone to be monitored. 

All drilling and well installations will be supervised and 
logged by a hydrogeologist. P.rocedures will include: 

o The steam cleaning of all drilling equipment, tools, 
and materials before commencement of drilling and 
between boreholes. 

o Advancing of all well boreholes using hollow-stem 
augers or spun-in casing methods with a drop ham­
mer to drive standard split-barrel samplers. 

o Collection of soil samples at each location. Where 
there are nests of wells only the deep borehole 
will be sampled. Continuous split-spoon samples 
will be taken from the ground surface to a depth 
of 20 feet. Samples will be obtained at 5-foot 
intervals thereafter. 

All monitoring wells will be constructed with 2-inch ID stain­
less steel well screens and risers. The threads may require 
Teflon taping if they do not appear to be water tight. The 
wells will be installed with 5-foot manufactured 0.010-inch 
slotted screens. All construction material will be steam 
cleaned before construction of the well. 

All screened zones will be sand packed to two feet above the 
top of the well screen. The annular space between the well 
and the borehole will be backfilled with gravel or flint 
sand to 2 feet above the top of the well screen, followed by 
a 2-foot bentonite seal and a cement-bentonite grout mix to 
3 feet below the surface. A locking protective stand pipe 
will be installed over the well stand pipe that is embedded 
in a concrete pad. At the edge of the pad, three protective 
posts will be installed. · 

3.2 AQUIFER TESTING 

Hydraulic conductivity (K) will be determined at each monitor­
ing well by "slug" test methods as described in Appendix I. 
Each slug test is conducted by lowering a weight of known 
volume into the well, thus causing a rise in the water level. 
The water level is then recorded against time as the water 
level drops to its static level which was recorded prior to 
the start of the test. If the recovery is fast, then an 
automatic water level recording device is needed, otherwise 
water levels and times will be recorded manually. 
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3.3 SAMPLE COLLECTION 

Subsurface Soil Samples 

Each soil sample collected from the boreholes will be scanned 
with an HNu or OVA to determine the presence of volatile 
organics in the soils (and groundwater if samples are satu­
rated). The detection of volatile organics in the samples 
at known depth will optimize the placement of well screens. 

Groundwater Samples 

Prior to purging each well for sampling, a static water level 
measurement will be taken using a fiberglass tape with a 
steel sounding device attached to the end. The sounding 
device makes a popping noise at the water table. The tape 
will then be used to measure the total depth of the well to 
verify well identification. The depths to water will be 
measured with respect to the top of the well casing. 

Each well to be sampled will be purged immediately prior to 
sampling using either a stainless steel or Teflon_bailer, a 
submersible positive displacement pump (Johnson Keck), or a 
peristaltic pump. Discharge water will be collected and 
measured so that a minimum of five well volumes are removed 
prior to sample collection. The purpose of this purging is 
to ensure that the well has been flushed of standing water 
and contains fresh water from the aquifer. If pumps are 
used, the bottom 5 feet of hose will be Teflon so the hose 
will not contaminate the well or well water. 

After the well has been purged, the samples will be collected 
using a stainless steel or Teflon bottom loading bailer. 
Approximately one-half volume of well water will be removed 
with a stainless steel bailer prior to the retention of the 
sample in sample containers. The bailers will be raised and 
lowered on a thin stainless steel cable. 

All sampling equipment will be cleaned between wells by scrub­
bing with a trisodium phosphate (TSP) decontamination fluid 
followed by a reagent grade methanol rinse and finally a 
triple distilled water rinse. The TSP decontamination fluid 
will be tap water with approximately 2.5 percent TSP dissolved 
(by weight). Sampling equipment will be triple rinsed with 
distilled water poured directly from the distilled.-water 
containers to eliminate acetone contamination. The pump 
~nd/or bailers will be laid out on clean plastic to air dry 
before reuse. 
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Surface Water Samples 

Samples will be collected using a stainless steel laboratory 
be·aker and transferred to the appropriate sample container. 
One set of samples collected for metals analysis will be 
filtered in the field. All sampling P-quipment will be decon­
taminated betweP.n sampling locations using the procedures 
outlined for the groundwater sampling equipment. 

Surface Soil Samples 

The initial surface soil samples, including replicate and 
field blank samples, will be obtained using a trailer-mounted 
drill rig and split-spoon sampler. Continuous split-spoon 
samples will be obtained to a depth of 4 feet. Samples will 
be visually described and scanned with an OVA and HNu. Samp­
ling equipment will be decontaminated between sample locations 
using the procedures outlined for the groundwater sampling 
equipment. 

Samples obtained from beneath the parking areas of the rail­
road's automobile storage facility may require coring and 
patching, to allow penetration by the split-spoon sampler 
and to prevent contamination of underlying soils with 
a·sphalt. 

Sediment Samples 

Sediment samples will be collected using a hand corer. If 
sediment properties make this impossible, samples may be 
collected using a scoop, ponar grab, or other suitable method. 
Sample locations will be flagged on one bank of the river. 
A sketch will be made of important river features at the 
sampling location such as distance from a permanent struc­
ture, bends in the river, shape of the channel, water depth, 
current, etc. Field personnel will start downstream and 
work upstream to avoid stirring up sediment that could con­
taminate unsampled areas. 

Following analysis of the samples collected for the initial 
sediment screening (Task S1) an additional 16 confirmatory 
samples will be collected using the same procedures as men­
tioned above. 

4.0 SAMPLE HANDLING AND ANALYSIS 

4.1 PARAMETERS 

Table D-1 summar~zes the estimated number of samples, repli­
cates, and field blanks to be collected during the Phase I 
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An•hticil levels are defined in 'Data vualitv Objectives lor Re1edial Response Activities, Volu■e I' EPA 540/6-87/00JA, 
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■ust perlor ■ contract required QC analyses, ! ■ice the nor ■al saaple voluae 1ust be collected for all aqueous volatile org•nic RAS sa■ples and 
three lites the nor ■al sa■ple volu1e ■ust be collected for all e,tractable orqan1c suples includioq pesticides •nd f'CB's for saaples on ■hich the 1atri1 
spite and ■atrix spite duplicte analyses ■ill be perlor1ed. Additional saoole volu■e ■ill not be necessary to perfor ■ the ■atri• spike analyses on the 
re■aininq aqueous SAS paraoeters or for the soi I and sedi1ent •nilyses. · · ·· 
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Analysis 

SOIL AND SEDIMmT 

Lov Concentration (RAS) 

A~id, base/neutral, pesti­
cide/PCB's extractables 

Volatiles 

Metals 
Mercury 
Cyanide 

Medium Concentration (RAS) 

Acid, base/neutral, pesti­
cides/PCB's extractables 

Volatiles 

Metals 
Mercury 
Cyanide 

High Concentration (SAS) 

All organic parameters 

Metals and Cyanide 

Special Analytical Services (SAS) 

GC/FID screening 

Proximate and ultimate 
analysis, heating value, 
flash point 

Dioxin 

Container per Sample 

One 8-oz. ~i4e ~outh glass 
jar. Fill ~/i full. 

Tvo 120-ml ~ide mouth glass 
vials. Fill completely, 
no headspace. · 

One 8-oz. wide 110uth glass 
jar. Fill 3/f full. 

One 8-oz. wide mouth glass 
jar. Fill 3/4 full. 

Tvo 120-ml wide mouth glass 
jars. Fill.completely, no 
headspace. 

One 8-oz. wide mouth glass 
jar. 

One 8-oz. wide mouth glass 
jar. Fill.i/2 to 3/4 
full. 

One 8-oz. ~ide mouth glass 
jar. 

One 4-oz. glass jar. 

Tvo 32-oz. glass jars. 

One 8-oz. ~l~ss jar. 

Table 0-2 (Page 1 of 3) 
SAMPLE CONTAINERS, PRESERVATION, SHIPPING 

AND ~ACKAGING REQUIRDIBNTS 

Preservation 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

~one 

Holding Time 

10 days for extraction 
40 days for analysis 

10 days 

6 months 
28 days 
14 days 

10 days 

10 days 

6 months 
28 days 
14 days 

Not Established 

Not Established 

Not Established 

Not Established 

Not Established 

Shipping 

Overnight carrier 

Overnight carrier 

Overnight carrier 

Overnight carrier with 
attached shipper's 
certificate for 
restricted articles. 

Overnight carrier with 
attached shipper's 
certificate for 
restricted articles. 

Over:night carrier with 
attached shipper's 
certificate for 
restricted articles. 

Overnight carrier with 
attached shipper's 
certificate for 
restricted articles. 

Overnight carrier with 
attached shipper's 
certificate for 
restricted articles. 

Overnight carrier 

Overnight carrier 

Overnight carrier 

Packaging 

In baggies and Foam 
Liner No. 3. 

In baggies and Foam 
Liner No. 3. 

In baggies and Foam 
Liner No. 3. 

In cans and surroun. 
by vermiculite. 

In cans and surrounded 
by vermiculite. 

In cans and surrounded 
by vermiculite. 

In cans and surrounded 
by vermiculite. 

In cans and surrounded 
by vermiculite. 

In baggies and sur­
rounded by vermi­
culite. 

In baggies and sur­
rounded by vermi­
culite. 

In baggies and sur­
rounded by vermi­
culite. 



Analysis 

GROUNDWATER AND SURFACE WATER 

Low Concentration (RAS) 

Acid and base/neutral 
extractables, pesticides/ 
PCB's 

Volatiles 

Metals, Filtered 
Mercury, Filtered 

Metals, Total 
Mercury, Total 

Cyanide 

Medium Concentration (RAS) 

Acid and base/neutral 
extractables, Pesticides/ 
PCB's 

Volatiles 

Metals, Filtered 

Mercury, Filtered 

Metals, Total 

Mercury, Total 

Cyanide 

Container per Sample 

Two 1/2-gallon glass amber 
bottles (teflon-lined 
caps). Fill bottle to 
neck. 

Two 40-ml volatile organic 
analyses/VOA vials. Fill 
completely, no air 
bubbles. 

One 1-liter high density 
polyethylene bottle. Fill 
to shoulder of bottle. 

One 1-liter high density 
polyethylene bottle. Fill 
to shoulder of bottle. 

One 1-liter high density 
polyethylene bottle. Fill 
to shoulder of bottle. 

Four 32-oz. wide mouth 
glass jars. Fill 3/4 
full. 

Two 40-ml volatile organic 
analyses (VOA) vials. 
Fill completely, no 
headspace. 

One 16-oz. wide mouth 
glass jar. Fill 3/4 full. 

One 16-oz. wide mouth 
glass jar. Fill 3/4 full. 

One 16-oz. wide·mouth 
glass jar. Fill 3/4 full. 

Table D-2 (Page 2 ,of 3) 

Preservation 

Hust be iced to 4°C 

Hust be iced to 4 •c 

Filtered samples 
HN03 to pH <2 

Unfiltered samples 
HN03 to pH <2 

Unfiltered sample 

None 

None 

None 

None 

None 

Holding Time 

5 days for extraction 
40 days for analysis 

7 days 

6 months 
28 days 

6 months 
28 days 

14 days 

5 days for extraction 
40 days for analysis 

7 days 

6 months 

28 days 

6 months 

14 days 

Shipping 

Overnight carrier 

Overnight carrier 

Overnight carrier 

Overnight carrier 

Overnight carrier 

Overnight carrier 

Overnight carrier with 
attached shipper's· 
certificate for 
restricted articles. 

Overnight carrier with 
attached shipper's 
certificate for 
restricted articles. 

Overnight carrier with 
attached shipper's 
certificate for 
restricted articles. 

Overnight carrier with 
attached shipper's 
certificate for 
restricted articles. 

Packaging 

No. 1 foam liner or 
vermiculite. 

In baggies and sur­
rounded by vermi­
culite. 

No. 2 foam liner or 
vermiculite. 

No. 2 foam liner or 
vermiculite. 

No. 2 foam liner or 
vermiculite. 

In cans and surrounded 
by vermiculite. 

In cans and surrounded 
by vermiculite. 

In cans and surrounded 
by vermiculite. 

In cans and surrounded~ 
by vermiculite. ., 

In cans and surrounded 
by vermiculite. 
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Analysis 

High Concentration (SAS) 

All organic parameters 

Metals and Cyanide 

Special Analytical Service (SAS) 

BOD, TSS, TDS, alkalinity/ 
acidity, sulfates 

TOC, COD, ammonia 

Phenol 

GLT595/37 

Container per Sample 

One a-oz. vide mouth glass 
jar. Fill' 1/2 to 3/4 
full. 

One a-oz. vide mouth glass 
jar. Fill 1/2 to 3/4 
full. 

Tvo I-liter polyethylene 
bottle. Fill to shoulder 
of bottle. 

One I-liter polyethylene 
bottle. Fill to shoulder 
of bottle. 

One I-liter polyethylene 
bottle. Fill to shoulder 
of bottle. 

Table D-2 (Page 3.of 3) 

Preservation 

None 

None 

Cool to 4°C 

H2S04 to RH <2 
Cool to 4 C • 

10-ml of (CaS04 + H3P04) 
preservative 

Holding Time 

Not Established 

Not Established 

48 hours for BOD, 
7 days for TSS and 
TDS, 14 days for 
alkalinity/acidity, 
and 28 days for 
sulfates 

28 days 

7 days 

Shipping 

Overnight carrier vith 
attached shipper's 
certification for 
restricted articles. 

Overnight carrier vith 
attached shipper's 
certification for 
restricted articles. 

I 

Overnight carrier 

Overnight carrier 

Overnight carrier 

Packaging 

In cans and surrounded 
by vermiculite. 

In cans and surrounded 
by vermiculite. 

No. 2 foam liner or 
vermiculite. 

No. 2 foam liner or 
vermiculite. 

No. 2 foam liner or 
vermiculite. 
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RI; the analyses to be conducted on the various samples col­
lected; and the analytical level as defined in "Data Quality 
Objectives for Remedial Response Activities" (EPA 540/G-871003A). 
The actual number of_field replicate samples collected and 
field blanks prepared is a function of the numper of samples 
collected per day. At a minimum, one replicate and one blank 
will be prepared each day. Matrix spike (and matrix spike· 
duplicate) samples represent the number of samples for which 
the laboratory must perform contract required QC analysis. 
Additional sample volume will not be necessary to perform 
matrix spike analysis on soil and sediment samples for 
Routine Analytical Services (RAS) and Special Analytical 
Services (SAS) parameters performed by the Contract Labora-
tory Program (CLP). However, two times the normal sample 
volume for aqueous volatile organic samples and three times 
the normal sample volume for aqueous acid and base/neutral 
extractables, pesticides, and PCB's, must be collected for 
samples on which the matrix spike _and matrix spike duplicate 
analyses will be performed. The number of matrix spike 
samples collected will be at least 1 per 20 samples 
collected. Additional sample volume will not be necessary 
to perform matrix spike analyses on the aqueous SAS 
parameters. Because of the organization of the CLP it is 
not possible to prepare a VOA trip blank. To acquire the 
same information a bottle blank will be prepared for VOA's 
before going into the field. The water will be HPLC grade 
water which has passed QC requirement by the manufacturer. 
One bottle blank will be prepared fo_r the surf ace water voe 
samples and one for the groundwater voe samples. 

The CLP RAS will be used to analyze samples of low or medium 
levels of concentration. Determination of the level of con­
centration will be made in the field at the time of sampling 
based on GC/FID analyses, HNu or OVA readings, and visual 
inspection cf the samples. As a guideline, low level samples 
would possibly include those collected offsite, around the 
perimeter of the site, and in unsuspected former process or 
disposal areas. Medium levels may include samples collected 
onsite in areas of·moderate dilution of the contaminants. 
Medium level samples are estimated to contain concentrations 
of individual compounds up to 15 percent. Samples suspected 
to contain greater than 15 percent concentration of any indi­
vidual chemical contaminant are considered High Hazard (HH) 
sa~ples and require analyses based on SAS protocols. 

Groundwater Samples 

Approximately 27 groundwater samples will be collected. 
This includes one sample from each of the 23 wells, plus 
approximately 2 replicate samples, -an~ 2 field blanks. The 
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number of replicates field blanks prepared, however, is a 
function of the number of samples collected per day. Fil­
tered and unfiltered replicates will be taken at 2 of the 
wells showing the most significant amount of organic vapors 
as indicated by the HNu. Field blanks will consist of 
deionized water. The blank and replicate samples will be 
filtered and preserved in the same manner as the other 
groundwater samples. The field blank will be bottled using 
the sampling equipment as a test of the cleaning procedures. 

Portions of the 27 groundwater samples collected will be 
sent to the CLP for RAS analyses of organic (acid and base/ 
neutral extractables, volatiles, PCB's/pesticides) parameters 
and inorganic (metals and cyanide) parameters. Filtered and 
unfiltered samples will be sent for metals analysis. In 
addition, portions of these 27 groundwater samples will be 
analyzed by the CLP according to SAS requests for: BOD 5 , 
TOC, COD, sulfates, TDS, TSS, alkalinity/acidity, total 
phenols. The SAS protocols for these analyses are given in 
Appendix G. Field measurements for groundwater samples to 
be reported in the logbook include: pH, temperature, and 
specific conductance (along with static water level 
measurements). 

Surface Water Samples 

Eight surface water samples, plus one replicate and one field 
blank, will be collected and submitted to the CLP. These 
samples will be analyzed for the same RAS and SAS parameters 
as listed for the groundwater samples. 

Initial Screening of Surface Soil and Sediment Samples 

The initial screening of 250 surface soil samples and 257 
sediment samples will be performed using total carbon (TC) 
analyses according to .the procedures developed by the 
CH2M HILL (Appendix B). The TC data will be used for the 
purpose of defining the zone(s) of contamination. The 
U.S. EPA Close Support Laboratory (CSL) will perform the TOC 
analysis at the Moss-American site. The purpose of using 
the mobile laboratory for in-field TC screening is to expe­
dite the analyses. Proposed surface soil and sediment 
sample locations may be modified based on the results of the 
screening. CH2M HILL will be responsible for the management 
and operation of the CSL. 

An estimated 12 replicate soil samples and 12 field blanks 
will also be collected during the initial screening. The 
actual number of field blanks prepared and replicates col­
lected, will be a function of the number of samples collected 
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per day. At a minimum, one field blank will be prepared 
each day. The field blank will consist of commercial clean 
sand. Similarly, an estimated 12 sediment replicate samples 
and 12 sediment fLeld blanks will be collected. 

The unanalyzed portion samples· obtained during the field 
activities will be retained onsite for further analysis us-· 
ing more sophisticated procedures. The unused portions of 
the samples will be containerized, labeled, and stored in a 
refrigerator located in a secure area of the site. 

Following evaluation of the TC results, a total of 120 sur­
face soil and sediment samples will be shipped to the 
CH2M HILL Montgomery laboratory for gas chromatography with 
flame ionization detection (GC/FID) analysis according to 
the statement of procedures (SOP) given in Appendix C. The 
GC/FID data will be used for the purpose of screening samples 
or analytically looking for compounds that are indicators of 
contamination at the Moss-American site. The GC/FID screen­
ing results will yield relative concentrations to be used in 
determining samples to be selected for qualitative analyses 
by EPA ~LP protocols. 

Confirmatory Surface Soil Samples 

Following the collection and analysis of the initial surface 
soil samples, 16 confirmatory surface soil samples (plus 
replicate samples and field blanks_) will be selected and 
submitted to the CLP. Six of these samples will be from 
noncontaminated or background sample locations, based on 
GC/FID analysis. The other 10 samples will be collected 
from areas representative of the most contaminated soil. 
Depending on the GC/FID results, these 10 samples may be 
handled as high hazard samples requiring analysis using SAS 
protocols instead of RAS protocols. According to the User's 
Guide to the CLP, high hazard samples are suspected to con­
tain greater than 15 percent concentration of any individual 
chemical constituent. The following parameters will be 
analyzed using RAS (possibly HH-SAS) analyses: volatile 
organic compounds, acid and base/neutral extractables, 
pesticides/PCB's, metals, and cyanide. The field blanks 
will be made from c~rnrnercial clean sand. Blanks of any kind 
do not apply to the heating value, flash point or pH. 

A portion of these 16 samples will also be analyzed according 
to the SAS protocols given in Appendixes G & H for the 
following parameters: total organic carbon (TOC), moisture 
content, ash content, volatile matter, fixed carbon, flash 
point, pH, d~oxin (all isomers), carbon, hydrogen, sulfur, 
nitrogen, oxygen and heating value. Field measurements for 
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.all soil samples to be reported in the logbook include the 
HNu and OVA readings. 

Confirmatory Sediment Samples 

Similarly, following the initial screening of sediment samples 
using the GS/FID, 16 confirmatory sediment samples (plus 
field blanks and replicate samples) will be submitted to the 
CLP for analysis of the same parameters as defiQed for the 
surface soil samples. The field blanks will be prepared 
from commercial clean sand. 

Subsurface Soil Samples 

During the installation of the monitoring wells, continuous 
split-spoon samples will be collected from the ground sur­
face to a depth of 20 feet (or the bottom of the well). 
Split-spoon samples will be obtained at 5-foot intervals 
thereafter. Approximately 130 subsurface soil samples will 
be screened using the TC method and the CSL. The unanalyzed 
portions of these samples will be containerized, labeled, 
and stored onsite for further analysis. Approximately 
30 subsurface soil samples will be selected for detai'led 
analysis using the CLP following the evaluation of the TC 
results. 

The thirty subsurface samples will be analyzed by the CLP 
FAS for: VOC's, acid and base/neutral extractables, pesti­
cides/PCB's, metals, and cyanide. These samples may be 
analyzed as high hazard samples depending on visual inspec­
tion, HNu and OVA readings, and TC screening results. A 
portion of these 30 samples (plus replicate samples and 
field blanks) will also be analyzed using the SAS protocols 
for TOC,- moisture content, pH, heating value, water soluble 
chlorides, ash content, flash point, fixed carbon, volatile 
matter, carbon, hydrogen, sulfur, nitrogen, oxygen and dioxin 
(all isomers). 

In addition, 10 subsurface samples collected (plus one repli­
cate and one field blank) will be selected for hydrogeologi­
cal testing of soil samples. This will include particle-size 
analysis and Atterberg limits according the the ASTM methods 
described in Appendix H. Either the CLP or a soil testing 
laboratory will be chosen to perform these analyses depending 
on CLP availability and the relative concentrations measured 
during the TOC screening. Field blanks will be prepared 
from commercial clean sand. Blanks of any kind do not apply 
to the pH, heating value, flash point, particle siz~ or 
Atterberg limits. 
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4.2 SAMPLE PREPARATION, PACKAGING, AND SHIPPING 

Table D-2 summarizes the sample contain~rization and preserva­
tion requirements based on the User's Guide· to the CLP (1984) 
and 40 CFR Part 136 (Guidelines Establishing Test Procedures 
for the Analysis of Pollutants Under the Clean Water Act) .. 
This table also summarizes the sample packaging and shipping 
procedures based on EPA specifications, as well as Department 
of Transportation (DOT) regulations (40 CFR Part 172). The 
procedures vary depending on the sample concentration (low, 
medium, or high) and the matrix (water or soil/sediment). 

All samples will be shipped within 48 hours of collection or 
before 50 percent of the holding time has elapsed. Shipping 
containers must be insulated, durable, and watertight. Bagged 
samples (to prevent vermiculite contamination of samples) 
are to be cushioned within the shipping container with vermi­
culite packing material (Zonolite). All containers regard­
less of size/type will be placed inside sealed plastic bag 
before packing in vermiculite/zonolite. 

Preparation of Groundwater Samples for Inorganic Analysis 

The groundwater samples sent to the CLP for inorganic analy­
ses (metals and cyanide) shall include unfiltered and fil­
tered samples. Filtering of the samples for metals analysis 
will occur in the field as soon as possible after collection. 
The sample will be filtered through 0.45 micron filter paper 
using a pressure filtration device. All filtered portions 
of the sample will be preserved, by using nitric acid to 
achieve a pH of less than 2, immediately after filtration. 
The unfiltered samples for metals analysis shall also be 
preserved using nitric acid to a pH of less than 2. The 
portion of the sample collected for cyanide analyses will 
not be filtered, and will be preserved using NaOH to achieve 
a pH of 12 or greater. 

4.3 SCHEDULING 

The schedule for the soil, sediment, groundwater, and surface 
water sampling along with the other Phase I RI Tasks is given 
in the Work Plan for the Moss-American site. Site and river 
surveying and mapping activities will be performed to mark 
sampling locations. Surface water samples will be collected 
prior to sediment sampies to avoid collecting contaminants 
possibly released by disturbing the sediment. Two sample 
crews are anticipated for concurrent surface soil and sedi­
ment sampling. Groundwater sampling will begin once the 
drilling activities have been completed. 
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The CLP requires the use of several documentation forms to 
identify and track each sample from the point of collection 
through final data reporting. Standard paperwork including 
sample tags, traffic reports, ·chain-of-custody forms, and 
custody seals used for CLP sample tracking and records will 
be filled out according to the instructions given -in Attach­
ment D-1 • 

All pertinent information about the samples will be logged 
in the site logbook maintained by the Team Leader. This 
information will include sample time, location, tag numbers, 
designation, and sampling personnel. New readings, weather 
conditions, and field modifications or decisions will also 
be recorded. The logbook will be filled in ink. Photographs 
will be taken at sampling locations to clarify the written 
descriptions in the logbooks. Photograph numbers with the 
time, date, location, and task description will also be noted 
in the logbook. 

5.0 INVESTIGATION WASTE MANAGEMENT 

During drilling activities, cuttings and wash water that 
give significant HNu or OVA readings and cuttings from the 
fill material will be retained in Department of Transporta­
tion (DOT) approved 55-gallon drums. The full 55-gallon 
drums will be labeled and stored onsite in a secured area 
(fenced) for later disposal, if deemed necessary by EPA. 
All protective clothing and sampling-related wastes will 
also be disposed of in DOT approved 55-gallon drums. 

GLT595/19 



l • 

i . 

L 

!__ 

t,.ppendix E 

E-1: INSTRUCTIONS FOR FILLING OUT SAMPLE DOCUMENTATION 
E-2: SAMPLE CUSTODY PROCEDURES 

GLT595/38-l 



I 
·-

I 
I 

! 
L, 

I. 

L 

[ 
I . 

L 

Appendix E-1 
INSTRUCTIONS FOR FILLING OUT SAMPLE DOCUMENTATION 

INSTRUCTIONS FOR FILLING OUT SAMPLE DOCUMENTATION 

All samples collected at Superfund sites for laboratory anal­
ysis must follow established documentation protocol. Adher­
ence to this protocol provides a network of valuable inform­
ation documenting sample identification and tracking as well 
as chain-of-custody. 

General Documentation Procedures 

Organization and concen·tration are the keys to completing 
the required documents efficiently and without error. Make 
certain that a suitable work area has been set aside with 
ample table and floor space available for the processing of 
forms and the packaging of samples. This is especially 
important for large projects. 

Forms, tags, etc. can be filled out in any order; however, 
past experience has shown that this paperwork can be com­
pleted most efficiently and accurately if the sample iden­
tification matrix (Figure 1) is completed before or in 
conjunction with the completion of the rest of the docu­
mentation. 

Subsequent sections discuss the proper completion of each 
document •. Use these pages as a reference while following 
this suggested plan of attack: 

1. 

2. 

3. 

4. 

Make or obtain a list of the samples to be packaged and 
shipped on the same day and the laboratories to be used. 

Enter the case number, CRL number, matrix, sample num­
bers, laboratory, date sampled, and date shipped for 
each sample on the matrix. 

NOTE: If portions of a given sample are to be shipped 
to different. laboratories ( for organic· and inorganic 
analysis for instance), two entry lines will be required 
for that sample number to accommodate the chain-of­
custody record, airbill, and. traffic report numbers 
corresponding to each portion of the sample. 

Obtain the QC lost numbers of the prelabled containers 
for each sample and enter these on the matrix. 

Determine the number of shipping containers (coolers) 
required to accommodate the day's shipment. This is 
based on the number of samples to be.shipped, the number 
of containers per sample, the number of sample containers 

E-1 
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that will fit in each cooler, and the number of labora­
tories to be used. 

NOTE: A group of containers for a single sample should 
not be split between coolers except when one portion of 
the sample is to be sent to one laboratory for one type 
of analysis and the other portion is to be sent to 
another laboratory for another type of analysis. 

5. Complete an airbill for each laboratory address. 
(Note: Several coolers may be shipped to the same 
address under one airbill.) Shipment of medium and 
high concentration samples requires the use of a spe­
cial airbill, including a shipper's certification for 
restricted articles (see Figure 12 for example). 

6. Enter the airbill numbers on the matrix. 

7. Assign a chain-of-custody record to each cooler and 
determine which sample containers will be shipped in 
each. 

NOTE: More than one chain-of-custody record may be 
needed to accommodate the number of samples to be 
shipped in one cooler. 

a.· Assign chain-of-custody numbers to each sample by enter­
ing ·these numbers on the matrix. (Reminder: Portions 
of samples for organic and inorganic analysis will usu­
ally be sent to separate laboratories. Use one line on 
the matrix for the organics portion information and 
another line for the inorganics portion information.) 

9. If the samples are being shipped under a routine analy­
tical service (RAS), determine the number of organics 
and/or inorganics traffic reports that will be needed. 
_I:f th~:·.~~-~,-.are· hig_}i_cpn_<;e~t:f~µaE.! . dete~lll~n .. e -!he 
.numb·er. of':':fhgh-· hazard'··trcrffic · reports- "'!!hit wi-ll be 
needed. 

10. Assign traffic report numbers to each sample and enter 
these numbers on the matrix. 

11. Assign tag.numbers to each sample container for each 
sample.and enter these numbers on the matrix. 

12. Complete traffic reports (of SAS packing lists or CRL 
basic data sheets) based on the information provided on 
the matrix. 

13. Complete sample tags based on the information provided 
on the matrix and the parameters of analysis. Place 
tags in groups by sample number. 

E-2 
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14. Complete chain-of-custody records based on the informa- · 
tion provided on the matrix. 

15. Assign two custody seals to each cooler. Enter the 
serial numbers of the seals in the "REMARKS" section of 
each chain-of-custody form and temporarily clip seals 
to the form. 

16. Group all the paperwork associated with each cooler in 
a separate clip. 

17. Obtain full s{gnatures of the STL and initials of signi­
ficant field team members (including yourself) on the 
sample tags and at the top of the chain-of-custody 
forms. 

18. Prepare to package samples for shipment. 

Following are step-by-step instructions for completing each 
form. The sample identification code to be used is the 
sample number as described in Appendix A. Other items 
should be self-evident from the instructions. 

Sample Identification Matrix (Figure 1) 

1. Indicate site name. 

2. Indicate project number. 

3. Enter the case number. 

4-. Enter the CRL number. 

5. Specify the sample matrix using the two- or three digit 
codes listed below followed by the letter (L, M, or H) 
to indicate low, medium, or high concentrations: 

o SF--Surface Soil 
o SB--Subsurface Soil 
o swo--surface Water, Onsite 
o swc--surface Water, Creek 
o SDO--Sediment, Onsite 
o SDC--Sediment, Creek 
o GW--Groundwater 

6. Indicate the sample number. 

7. Enter the inorganics traffic report number. 

8. Enter the organics·traffic report number. 

9. Indicate the chain-of-custody report number. 

E-3 
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10. Indicate the laboratory to be doing the analysis. 

11. Enter the date the sample was taken: month, day, year 
(no hyphen or slash, e.g, 051284). 

12. Enter the shipping date. 

13. Enter the airbili number of the shipment. 

14. List sample tag ·numbers corresponding to sample con­
tainers shipped under the traffic report number listed 
in either box 7 or 8. 

15. List the QC lot numbers of the containers matching the 
tag numbers listed in Item 14. 

Note: Date recorded on this form must be suitable for com­
puter entry. Each entry must be left justified and must not 
exceed the number of digits allowed in each section. If 
portions of samples are to be sent to more than one labora­
tory for analysis, allow an entire line for each laboratory 
to accommodate for the additional traffic report, chain-of­
custody, and airbill numbers. 

Sample Tag (Figure 2) 

1. 

2. 

3. 

4. 

5. 

6. 

7 • 

8. 

9. 

Enter the first six digits of the CRL sample identifi­
cation. 

Enter the last three digits of the CRL identification 
code. 

Enter date of sampling. 

Enter time of sampling (military time only). 

Specify "grab" or "composite" sample with an "X." 

Insert sample identification code. 

Obtain signature of sample team leader. 

Indicate presence of preservative with an "X." 

Specify all parameters for analysis with an "X" for 
each one. 

10a. Indicate traffic report type and serial number (e.g., 
ITR number:. MS 1534). 

10b. Indicate case number (e.g., CASE#: 1234). 

11. Leave BLANK (for laboratory use only). 

E-4 
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12. Enter any desired analyses not listed on menu provided 
(e.g., PCB's, ammonia, sulfide, etc.) and mark box with 
an "X." 

Inorganic Traffic Report (Figure 3) 

1. Insert assigned laboratory case number. 

2a. Insert CRL sample identification number. 

2b. Insert sample number. 

3. Insert EPA region number (e.g., V). 

4. Insert sample team leader's name. 

S. Insert sample team leader's office telephone number (do 
not use field office telephone number). 

6. Insert date sample was taken. 

7. Indicate sample description with an "X." 

8. Insert corresponding organic traffic report number for 
the sample (if any). 

9. Specify sample concentration with an "X." 

10. Indicate sample matrix with an "X." 

11. Insert "Federal Express" (or other approved carrier)~ 

12. Indicate date of shipment. 

13. Indicate airbill number corresponding with the sample 
shipment. 

14. Check required analyses: Tasks 1 and 2 (metals) and/or 
Task 3 (cyanide only, ·ammonia and sulfide are no longer 
RAS,. although some older traffic reports may still list 
them). 

15. Insert the phrase "QC lot number·:" and indicate the 
quality control lot number(s) of the container(s). 

16. Insert laboratory name and address. 

17. Indicate name of laboratory contact. 

18. Leave BLANK (for laboratory use only). 

E-5 
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Organic Traffic Report (Figure 4) 

1. Insert assigned laboratory case number. 

2a. Insert CRL sample identification number. 

2b. Insert sample number. 

3. Insert EPA region number_ (e.g., V). 

4. Insert sample team leader's name. 

5. Insert sample team leader's office telephone number (do 
not use field office telephone number). 

6. Insert date sample was taken. 

7. Indicate "Federal Express" (or other approved carrier). 

8. Indicate date of shipment. 

9. Indicate airbill number corresponding to sample ship­
ment. 

10. Specify sample description with an "X." 

11. Insert the phrase "QC lot number:" and indicate the 
quality control lot number(s) of the container(s). 

12. Insert the phrase "matches IRT number:" and indicate 
the corresponding inorganics traffic report for the 
sample (if any). 

13. Specify the sample concentration with an "X." 

14. Indicate the sample matrix with an "X." 

15. Indicate the number of sample containers shipped. 

16. Insert an estimated sample volume in appropriate box. 

17'. Insert laboratory name and address. 

18. Indicate name of laboratory contact. 

19. Leave-BLANK. 

High Hazard Traffic Report (Figure 5) 

1. Insert assigned laboratory case number. 

2a. Insert CRL sample identification number. 
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2b. Insert sample number. 

3. Insert EPA region number (e.g. , V) . 

4. Insert sample team leader's name. 

5. Insert sample team leader's office telephone number (do 
not use field office telephone number). 

6. Insert date sample was taken. 

7. Indicate "Federal Express" (or other approved carrier). 

8. Indicate date of shipment. 

9& Indicate airbill number corresponding to sample ship­
ment. 

10. Insert the phrase "QC lot number:" and indicate the 
quality control lot number(s) of the container(s). 

11. Indicate sample descriptions with an "X." 

12. List known or suspected hazards. 

13. Indicate approximate volume of sample. 

14. Specify desired organic parameters to be analyzed for. 

15. Specify desired inorganic parameters to be analyzed for 
(strong acid anions include Cl, so4 , No3 , F). 

16. Insert laboratory name and address. 

17. Indicate name of laboratory contact. 

18. Leave BLANK (or make reference notes for future use). 

SAS Packing List (Figure 6) 

1. Insert assigned SAS case number. 

2. Insert EPA region number (e.g., V). 

3. Insert sample team leader's name. 

4. Insert sample team leader's office telephone number (do 
not use field office telephone number). 

5. Insert date sample was taken. 

6. Indicate date of shipment. 
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7. Insert site name. 

8. Insert laboratory name and address. 

9. Indicate name of laboratory contact. 

10. List SAS sample numbers, which should include the SAS 
number. 

11. Specify sample matrix, concentration, tag number, and 
analysis to be performed (e.g., low concentration soil 
sample for PCB analysis, tag number 5-48246). 

12. Leave BLANK (for laboratory use qnly). 

Chain-of-Custody Form (Figure 7) 

1. Enter first six digits of the CRL sample identification 
code. 

2. Enter site name and CH2M HILL project number. 

3. Obtain fill signature of sample team leader and signed 
initials of active team members (including paperwork 
person). 

4. Enter last three digits of the CRL sample identifica-· 
tion code. 

5. List sampling dates for all samples. 

6. List sampling times for all samples. 

7. Indicate "grab" or "composite" sample with an "X." 

8. List sample numbers. 

· 9. Enter number of containers per sample and container 
volume (e.g., 2-40 ml). 

10. List analyses individually. 

11. Construct column heading for traffic report number and 
list serial numbers for corresponding sample identi-

. fication codes. 

12. Construct column heading for "tag number" and list tag 
numbers for each sample container. 

13. Obtain signature of sample team leader and carry out 
chain-of-custody proc~dures. 
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14. State carrier service and airbill number., lab service,• 
and custody seal numbers: 

15. Write in the words "CASE i:" and enter the case number. 

Notice of Transmittal (Figure 8) 

1. Enter name of team leader. 

2. Enter team leader's firm name. 

3. Enter case number. 

4. Complete date. 

5. Enter number of samples shipped. 

6. Enter matrix of samples. 

7. Enter the site name in words. 

8. Enter the site location of the site (city, state) . 

Receipt for Samples Form 

A completed Receipt for Samples Form will be used whenever 
splits are provided to other parties. This form must be 
completed and a copy given to the other party. The original 
will be retained in the project files. At potential source 
sites, splits of all samples collected must be offered to an 
official at the site. If the splits are declined, the 
Receipt for Samples Form should be so marked. 

Field Log Book 

All information pertinent to a field survey or sampling 
effort will be recorded in a log book or equivalent stan­
dardized form. Each page/form will be consecutively num­
bered and will be at least 4-1/2 inches by 7 inches in size. 
All entries will be made in indelible ink or hard lead pen­
cii and all coirections will consist of line-out deletions 
that are initialed and dated. As a minimum, entries in a 
log book will include the following: 

o Purpose of sampling. 

o Location, description, and log photographs of the 
sampling point. 

o Details of the sampling site (for example, the 
elevation of the casing, casing diameter and 
depth, integrity of the casing, etc.). 
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Figure 8 

NOTICE OF TRANSMITTAL 

DATE: 

TO: CH2M HILL, REM/FIT OFFICE, Region V-X (WI) 
310 West Wisconsin Avenue, Suite 700 
P.O. Box 2090 
Milwaukee, Wisconsin 53201 

Attention: Shirley Stringer 

FROM: (l) / (2) ------~N~am-----e ______ ---~F,-:,i __ rm ____ _ 

CH2M HILL PROJECT NO.: 

Enclosed are appropriate copies of the sample documentation 

forms completed under Case # ____ (_3_)_, __ _ for the 

--~<4~) __ , l9fil, shipment of ___ (_5_)..,..... ______ (_6 __ ) __ _ 
Quantity Matrix 

samples from the (7) site ---------------------
located in (8) , ---------------- (8) 
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o Name and address of field contact. 

o Documentation of procedures for preparation of 
reagents or supplied which become an integral part 
.of the sample (e.g., filters and absorbing rea­
gents). 

o Identification of sampling crew members. 

o Type of sample (for example, groundwater, soil, 
sludge, or wastewater). 

o Suspected waste composition. 

o Number and volume of sample taken. 

o Sampling methodology, including distinction between 
grab and composite samples. 

o Sample preservation. 

o Date and time of collection. 

o Collector's sample identification number(s). 

o Sample distribution and how transported (for example, 
name of the laboratory and cartage agent--Federal 
Express, United Parcel Service). 

o References such as maps of the sample site. 

o Any field measurements made (for example, pH, speci­
fic conductance, temperature, and water depth). 

o Signature and date by the personnel responsible 
for observations. 

o Decontamination procedures. 

Sampling situations vary widely. No general rules can spec­
ify the extent of information that must be entered in a log 
book or standardized form .. However, records will contain 
sufficient information so that someone can reconstruct the 
sampling activity without relying on the sample collector's 
memory. The log book and standardized forms will be kept 
under strict chain-of-custody. 

Corrections to Documentation 

Unless prohibited by weather conditions, all original data 
recorded on Traffic Report Forms, Sample Identification Tags, 
Chain-of-Custody Records, and Receipt for Sample Forms will 
be written with waterproof ink. No accountable serialized 
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documents are to be destroyed or thrown away, even if they 
are illegible or contain inaccuracies that-require a replace­
ment document. 

If an error is made on an accountable document assigned to 
one individual, that individual shall make corrections by 
making a line through the error and entering the correct 
information. The erroneous information should not be obli­
terated. Any subsequent error discovered on an accountable 
document should be corrected by the person who made the entry. 
All subsequent corrections must be initialed and dated. 

Laboratory Custody 

Laboratory custody will conform to procedures established 
for the CLP. These procedures include: 

o Designation of a sample custodian. 

o Correct completion by the custodian of the chain­
of-custody record; sample tag, and laboratory 
request sheet (including documentation of sample 
condition upon receipt). 

o .Laboratory sample tracking and documentation pro-
cedures. 

o Secure sample storage (of the appropriate environ­
ment--refrigerated, dry, etc.). 

o Proper data logging and documentation procedures 
including custody of all original laboratory 
records. 

Central Regional Laboratory Sample Data Report (Figure 9) 

The Central Regional Laboratory Sample Data Report form is 
filled out by the CH2M HILL Sample Documentation Coordinator. 
A separate report is filled out for each laboratory that 
receives samples. 

1. Enter the case number and/or SAS number. 

2. Enter site name. 

3. Enter the laboratory name. 

4. Enter the date shipped. 

s. Enter the Super fund D.U. number. 

6. Enter the EPA RPM. 

E-11 



CENTRAL REGIONAL LABORATORY SAMPLE DATA REPORT 
ORGANICS/INORGANICS 

/"p THIS FORM IS TO ~ED FOR SAMPLES SENT TO CONT~ ONLY 

CA5l -•/SA5 Ne-.........:~----Slll NAMl ' LMIOIIAIOIIW--~~ ....... -J---c::=--
iUPtllfUNO DU ..-ta,~@~--6---lPA .... "' OSC IUU VIClS~ ( Ii' ClllCUS IIUM8la ri'\ 

GAil Sttll'Pll> © 
PAGlw 0t 

ACIMIW .-ta WAil • 0A UOUIOS 

Cftl LOG 
NUU&fll 

J 

, 

l 

11 

NOTE: for purpo58s of illuura1ion fo1m1 
are 1eproduc11d al 70% ol original 
size. 

J 

\."!I 

' ' 

,,,., .. 

1 I 

I t l 
' • I 

SlOIM(NIS o, SOa S 

-

FIGURE 9 



7. Enter the CERCLIS number. 

8. Enter the page numbers. 

9. Enter the CRL numbers. 

10. Enter the organic or inorganic tra£fic report number or 
the SAS packing list number. 

11. Check the appropriate box for the analyses to be per­
formed. 

PACKING AND SHIPPING PROCEDURES 

Sample packaging and shipping procedures are based on U.S. 
EPA Specifications, as well as Department of Transportation 
(DOT) regulations (40 CFR). The procedures vary according 
to sample concentration and matrix and are designed to pro­
vide optimum protection of samples and the public. 

All samples will be shipped within 48 hours of collection or 
before 50 percent of the holding time has elapsed. Shipping 
containers must be insulated, durable, and watertight. Bagged 
samples (to prevent vermiculite contamination of samples, 
all containers regardless of size/type must be placed inside 
sealed plastic bag before packing in vermiculite/zonolite) 
are to be cushioned within the shipping container with vermi­
culite packing material (Zonolite). Preformed poly-foam 
cooler liners are available for shipment of low-concentration 
samples only. 

· Following shipment, airbill numbers must be called in to the 
SMO and to the sample documentation coordinator. 

Step-by-step packing instructions are provided below. 

Low-Concentr.a tion Samples 

1. Prepare cooler(s)d for shipment. 

o Tape drain(s) shut. 

o Affix "This Side Up" labels on all four sides and 
"Fragile" labels on at least two sides of each 
cooler. 

o Place mailing label with laboratory address on top 
of cooler(s). 

o Fill bottom of cooler(s) with about 3 inches of 
vermiculite or use preformed poly-foam liner (low 
concentration only). 
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o Place appropriate traffic reports, SAS packing 
lists, or Regional field sheet~ and chain-of­
custody records with corresponding custody seals 
on top of each cooler. 

2. Arrange decontaminated sample containers.in groups by 
sample number. 

3. Mark volume levels on bottles with a grease pencil. 

4. Secure appropriate sample tags around caps/lids of con-
tainers with string or wire. 

5. Secure container caps/lids with strapping tape. 

6. Arrange containers in front of assigned coolers. 

7. Affix appropriate adhesive labels from assigned traffic 
report to each container. Protect with clear label 
protection tape. 

8. Seal each container within a separate plastic bag. 

9. Arrange containers in coolers so that they do not touch. 

10. If ice is required to preserve the samples, cubes should 
be repackaged in ~ouble zip-loc bags, and placed on and 
around the containers (especially on VOA vials). 

11. Fill remaining spaces with vermiculite (or place poly­
foam liner cover on top of samples). 

12. Sign chain-of-custody form (or obtain signature) and 
indicate the time and date it was relinquished to Fed­
eral Express, Purolator, Emery, or other carrier as 
appropriate.· 

13. Separate copies of forms. Seal proper copies within a 
large zip-loc bag and tape to inside lid of cooler. 
Distribute remaining copies as indicated in the follow­
ing sections. 

14. Close lid and latch. 

15. Carefully peel custody seals from backings and place 
intact over lid openings (right front and left back). 
Cover seals with clear protection tape. 

16. Tape cooler shut on both ends, making several complete 
revolutions with strapping tape (do not cover custody 
seals). See Figure 10 for an illustration of a cooler 
ready for shipment. 
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17. Relinquish to Federal Express. Place airbill receipt 
inside the mailing envelope and send to the sample 
documentation coordinator, a+ong with the other docu­
mentation. 

18. Telephone the Sample Management Office in Alexandria, 
Virginia. (NOTE: This step should be omitted for sam­
ples sent to the CRL). 

Ms. Leslie Braun (subject to change) 
(703) 557-2490 

Provide the following information: 

o Your name 

o Project name 

o Case number 

o Number of samples sent to each laboratory for 
analysis 

o Airbill numbers 

This must be done immediately following sample 
shipment. (If the SMO is closed at that time, 
call in the information first thing the next day.) 

.Medium- and High-Concentration Samples: 

Medium- and high-concentration samples are packaged using 
the same techniques used to package low-concentration samples, 
with several additional restrictions. First, special airbill 
including a Shipper's Certification for Restricted Articles 
is required (see Figure 11 and 12). Second, "Flammable Liquid 
N.O.S." or "Flammable Solid N.O.S." labels must be placed on 
at least two sides of the cooler. Third, sample containers 
are packaged in metal cans with lids before being placed 
into the cooler, as indicated below. 

o Place- approximately one-half inch of vermiculite 
in the bottom of the can. 

o Position· the sample jar in the zip-loc bag so that 
the sample tags can be read through the plastic 
bag. 

o Place the jar in the can and fill the remaining 
volume with vermiculite. 

o Close the can and secure the lid with metal clips. 
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o Write the.traffic.report number on the-lid. 

o Place "This Side Up" and "Flammable Liquid N.O.S." 
(or "Flammable Solid N.O.S.") labels on the can. 

o Place the cans in the cooler. 

Distribution of Completed Documents 

Final disposition of the completed documents is as follows:· 

o Shipped with Samples: 

Chain-of-custody form, white original 
Traffic report forms, white and yellow copies 
SAS packing list, pink and gold copies 
Sample tags 

o Retained by RI Project Manager: 

Sample identification matrix 
Field log books (at completion of project) 

o Sent to CH2M HILL Documentation Coordinator: 

Chain-of-custody form, pink and yellow copies 

Traffic report forms, white original and pink 
copy 

SAS packing list, white original and yellow 
copy 

Notice of transmittal 

Special Instructions for Shipping Samples via Federal Express 

1. Label cooler as hazardous shipment. 

o Write shipper's address on outside of cooler. If 
address is stenciled on, just write "shipper" above 
i.t •. 

o Write or affix sticker saying "This Side Up" on 
two adjacent sides. 

o Write or affix sticker saying "ORM-E" with box 
around it on two adjacent sides~ Below ORM-E, 
write NA#9188. 

o Label cooler with "Hazardous Substance, NOS.", and 
"liquid" or "solid", as applicable. 
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2. Complete tnespecial shipping bill for restricted arti­
cles (Figures 11 and 12). 

o Under Proper Shipping Name, write "Hazardous Sub­
stance, NOS." and "liquid~ or "solid", as applicable. 

o Under Class, write "ORM-E." 

o Under Identification No., write NA#gl88. 

GLT595/30 
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Appendix E-2 
SAMPLE CUSTODY PROCEDURES 

INTRODUCTION 

It is U.S. EPA and Region V policy to follow the U.S. EPA 
Region V sample custody or chain-of-custody protocols as 
described in "NEIC Policies and Procedures." EPA-330/9-78-001-R, 
revised June 1985. This custody is in three parts: sample· 

.. collection, laboratory, and final evidence·files. Final evi­
dence files, including all originals of laboratory reports 
and purge files, are maintained under document control in a 
secure area. 

A sample or evidence file is under your custody if the docu­
ments: 

o Are· in your possession; 

0 Are in your view, after being in your possession; 

o Were in your possession and you placed them in a 
secured location; or 

o Are in a designated secure area. 

FIELD SPECIFIC CUSTODY PROCEDCRES 

The sample packaging and shipment procedures summarized below 
will insure that the samples will arrive at the laboratory 
with the chain-of-custody intact. 

Field procedures are as follows: 

A. 

B. 

C. 

D. 

The field sampler is personally responsible for the 
care and custody of the samples until they are 
transferred or properly dispatched. As few people 
as poss_ible should handle the samples. 

All bottles will be tagged with sample numbers and 
locations. The Sample Management Office (SMO) num­
ber and stickers will be affixed. 

Sample tags are to be completed for each sample 
using waterproof ink unless prohibited by weather 
conditions. For example, a logbook notation would 
explain that a pencil was used to fill out the 
sample tag because the ballpoint would not func­
tion in freezing weather. 

The contractor's site manager must review all field 
activities to determine whether proper custody 
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procedures were followed during the field work and 
decide if additional samples are required. He or 
she should notify the U.S. EPA Remedial Project 
Manager of a breach or irregularity in chain-of­
custody procedures. 

Transfer of custody and shipment procedures are as follows: 

A. Samples are accompanied by a properly completed 
chain-of-custody form. The sample numbers and 
locations will be listed on the chain-of-custody 
form. When transferring the possession of sam­
ples, the individuals relinquishing and receiving 
will sign, date, and note the time on the record. 
This record documents transfer of custody of sam­
ples from the sampler to another person, to a 
mobile laboratory, to the permanent laboratory, or 
to/from a secure storage area. 

B. 

C. 

D. 

E. 

Samples will be properly packaged for shipment and 
dispatched to the appropriate laboratory for anal­
ysis, with a separate signed custody record enclosed 
in each sample box or cooler. Shipping containers 
will be locked and secured with strapping tape and 
EPA custody seals for shipment to the laboratory. 
The preferred procedure includes use of a custody 
seal attached to the front ·right and back left of 
the cooler. The custody seals are covered with 
clear plastic tape. The cooler is strapped shut 
with strapping tape in at least two locations. 

Whenever samples are split with a source or govern­
ment agency, a separate Sample Receipt is prepared 
for those samples and marked to indicate with whom 
the samples are being split. The person relinquish­
ing the samples to the facility or agency should 
request the representative's signature acknowledg­
ing sample receipt. If the representative is 
unavailable or refuses, this is noted in the 
"received by" space. 

All shipments will be accompanied by the Chain of 
Custody Record identifying the contents. The 
original record will accompany the shipment, and 
the pink and yellow copies will be retained by the 
sampler for return to the sampling office. 

If the samples are sent by common carrier, a bill 
of lading should be used. Receipts of bills of 
lading will be retained as part of the permanent 
documentation. If sent by mail, the package will 
be registered with return receipt requested. Com­
mercial carriers are not required to sign off on 
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the custody form as long as-the custody forms are 
sealed inside the sample cooler and the custody 
seals remain intact. 

LABORATORY CUSTODY PROCEDURES 

A. CONTRACT LABORATORY 

The chain-of-custody procedures for Contract Laboratory 
Program (CLP) are described in the SOW's for RAS's. 
This same custody procedure applies to SAS's. These 
custody procedures along with the holding time require­
ments for CLP samples are described in the appropriate 
SOW documents. 

B. CENTRAL REGIONAL LABORATORY 

The Central Regional Laboratory has its own regional 
custody scheme for Drinking Water Specific Samples. 
There are four possible ways in which the CRL may be 
involved in chain-of-custody sample tracking: 

1. Samples are delivered to the CRL for in-house 
analysis. 

2. Samples are delivered to the CRL. Some are sent 
out to a contractor and some remain at the CRL, or 
the samples are sent to several contract labora­
tories. 

3 •. Samples are delivered to the CRL and the entire 
shipment is sent to one contract laboratory. 

4. Samples are shipped directly from the field to a 
contract laboratory without ever being delivered 
to the CRL. 

The internal CRL Custody Protocol has been revised so that 
it addresses all four of these situations and also meets all 
National EPA custody requirements. Moreover, the revised 
protocol requires only one new internal document--the Custody 
Logbook. This logbook replaces the existing Shipping and 
Receiving Log. The new procedures are applied to the four 
custody situations as follows in Appendix A. 

FINAL EVIDENCE FILES CUSTODY PROCEDURES 

The purge files from the CRL and Contract Laboratory Program 
(CLP) are maintained by Region V CRL Laboratory Support Team, 
Data Coordinator. The purge files include the chain-of­
custody sheets, sample tags and raw data records. 
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The-contractor maintains the RI files along with all rele­
vant records, reports~ logs, field notebooks, pictures, sub­
contractor reports and CPMS data reviews in a secured, lim­
ited access area and under custody of the contractor's site 
manager. 

GLT595/49 
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APPENDIX A 

A. In-House Analysis 

Samples are shipped or delivered to the CRL under chain of 
custody. The CRL Sample Custodian signs the Chain of Custody Record 
(see Figure A-1) in the NReceived by" space. The Sample Custodian 
also sign·s in the •Received· for Laboratory by" space. This document is 
then complete. It is filed in the folder for the given data set. 

The Sample Custodian then enters the following sample infor­
mation into the Custody Logbook (see Figure A-2). 

l, 2, 3 - Self-explanatory. 

4 - uMatrix" refers to a brief sample descriptfon, such as 
"water," uoil," "mud," etc. Parameter is s·elf-
exp 1 anatory. 

5 - Self-explanatory. 

6,7.,8 - The Sample Custodian initials the date (month/day/year) 
and the time when samples were received. Time is 
expressed using a 24-hour clock, so that 1:30 P.M. is 
recorded· as 13:30. 

9· - Each shelf in all custody areas shou1d be numbered, so 
that the storage location. can be identified by the 
shelf number. This number is entered in column 9. 

When an analyst checks out a sample, columns 10 thru 13 are 
completed. 

10 - The Sample Custodian initials the correct column. 

ll - The analyst initials the correct c·olumn. 

12, 13 - The Sample Cu~todian enters the date and time. 

When a sample is transferred from one analyst to another 
within the CRL, both an_alysts initial the back of the custody tag. 
They also enter the date and time. 

e.g.,: AJ to OM, 9/12/82, 15:30 

( It is not necessary to r.eturn the sample to .the person who 
originally checked it out of custody.) 
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When the analyses are completed, the analyst returns the sample to 
the Sample Custodian. They both fill in columns 14 thru 18. 

14, 15, 16, 17 - Self-~xplanatory. 

18. - The Sample Custodian stores the sample in a 
custody area. The location is enter~ ·;n column 
18. This is probably not the same as the original 
location listed in column 9. 

When samples are discarded, columns 19 and 20 are filled 
in. The tags are removed from the sample bottles and are filed in 
the folder for that data set. TAGS ARE NEVER DISCARDED. 

Any appropriate information, including initials, is 
entered in column 21. 

e.g., : "Samp 1 e was broken. 10/1/82, AJ" 
"Sample was used up. 10/1/82, AJ" 
"Insufficient sample. 10/1/82, AJ" 

. Even ff a sample is destroyed, the tag must be returned 
to the custody folder. An explanation should be written on the 
tag and in the Custody Logbook. . . 

B. Sample Shipments With Several Destinations 

Samples are shipped to the CRL under chain of custody. The CRL 
Sample Custodian receives the shipment as described in Section A. The 
Custodian opens the sealed container, log$ in all of the samples, and 
then repacks those sa~p1es which wi11 be sent to a contract laboratory. 
The Custodian fills out new custody forms and includes them with the 
shipment as described in the Environmental Services Oiv.ision (ESD) or 
National Contract Laboratory Protocols. 

The Sample Custodian logs a11 of the samples into the 
Custody Logbook. The procedure is the same as described in Section 
A, with the following exceptions. 

9· - No entry here. 

10 - The Sample Custodian initials here. 

11 - The Sample Custodian enters the·name of the 
laboratory to which the samples were shipped. 

14 thru 20 - These columns are used only if the contract 
laboratory returns the samples. 

21 - The Sample Custodian enters the shipper and the 
ai rb 111 number. 

e.g.,: •Emery, #9011625" 
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C. Entire Sample Shipment Sent to One Destination 

Samples are shipped to the CRL under chain of custody. The 
CRL Sample Custodian receives the samples. The Custodian signs the 
chain of custody record fn the •Received by" space. The Custodian logs 
in the samples and then packs them for shipment and includes original. 
the chain of custody record with the samples. The custodian does not 
sign the •Received for Laboratory by" space (see Figure A-3). 

The Sample Custodian logs all of.the samples into the 
Custody Logbook as described in Section B. 

D. Samples Shipped From the Field to Contract Laboratories 

When samples are shipped directly from the field to a 
contract laboratory, no one at the CRL signs the chain of custody 
Record~ 

The sampling team submits a report to the CRL describing 
their sampling activities. The Sample Custodian enters that 
information into the Custody Logbook as follows: 

1 thru 4 - Self-explanatory. 

5 - Tag numbers may not be available ·in the field 
report·. 

6 thru 9 - Not applicable. 

· 10 - The Sample Custodian ent_ers •field.u 

11 - The Sample Custodian enters the name of the labora-
tory to which the samples were sent. 

12, 13 - Shipping date and time are entered, if available. 

14~ thr· 20 -· These: columns. are used only if the, samples. are sent to· 
the, CRL by the contract laboratory. 

21 - Shipper, airbill number, and any other comments are 
entered here. 
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ROUTINE ANALYTICAL SERVICES 

(RAS) PARAMETERS 
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Hazardous Substance List (HSL) and 
Contract Required Detection Limits (CllDL)** 

Detection Limits* 
Low Water3: Low So1l7Sediment~ 

Volatiles CAS Number ug/L ug/Kg 

l. Chloromethane 74-87-3 10 10 
2 •. Bromomethane 74-83-9 10 10 
3. Vinyl Chloride 75-01-4 10 10 

4. Chlo roe thane 75-00-3 10 10 · 
s. Methylene Chloride 75-09-2 5 s 

6. Acetone 67-64-1 10 10 
7. Carbon Disulfide 1.s-is-0 s 5 
8-. l,l-Dichloroethene 75-35-4 s s 
~- l,l-Dichloroethane 75-35-3 5 5 

10 _. trans-l, 2-Dichloroethene 156-60-5 5 5 

ll. Chloroform 67-66-3, 5 5 
12. l ,2-Dichloroethane· 107-06-2 s 5 
13. 2-Butanone 78-93-:3· 10 10 
14. l,1,1-Trichloroethane 71-55-6 5 s 
15. Carbon Tetrachloride 56-23_~5 5 5 

16. Vinyl Acet~te 108-05-4 10 10 
17. Bromodichlorometh&ne 75-27-4 5 5 
18. .l, l, 2, 2-Te trachloroethane 79-34-5 5 5 
19. l,2-Dichloropropane 78-87-5 5 5 
20. trans-l,3-Dichloropropene 10061-02-6 5 5 

2l. T'richloroethene 79-0I-6 5 5 
22. Dibromochloromethane 124-48-:-l 5 5 
23. l,l,2-Trichloroeth&ne 79-00-S s 5 
24. Benzene 71-43-2 5 5 
25. cis-1,3-Dichloropt;,Opene 10061-0l-5 5 s 

(continued) 
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Detection limits• 
L0v water• L0v S0il/Sedi:encS 

Volatiles CAS Number u5/L ug/1<5 . 
%6. 2•Chloroethyl Viayl Ether ll0-75-8 10 10 
%7. Br0m0tona 75-25-2 5 5 
28. 2•Hex.anoae 591-78-6 10 lO 
29. 4•Methyl-2•pencanone 108-10-1 10 lO 
30. Tetrachloroetheae 127-18-4 5 5 

31. Toluene 108-88-3 5 5 
32. Chloroben:•n• 108-90•7 5 5 
33. Ethyl Benzene 100-41•4 5 5 
34. StyTene 100-42•5 5 5 
35. Tocal Xylenes 5 5 

&Medium Water Concract Required Detection Limits (ClU>L) tor Volatile asL 
Compounds are 100 times the· individual Lov Water ClU>L • 

~:ediWll Soil/Sediment Contract Required Det1cc10n Limits (ClU>L) tor Volatile 
HSL Compounds are 100 times the individual Lov Soil/Sediment ClU>L. 

. 

• 



Detection Limits• 
Lov Water~ Low Soil/Sed1:en:~ 

Se11i•Volatile1 CAS Number ug/L ug/Kg 

36. Phenol 108-95-2 10 330 
37. b1a(2•Chloro~thyl) ether 111-44•4 10 330 
38. 2-Chlorophenol 95-5-7-8 10 330 

39. 1,l-D1chlorobenzene 541-73-1 10 330. 
40. l,4•D1chlorobeuene 106-46-7 10 330 
41. Benzyl Alcohol 100-51-6 10 330 
42. 1,2-Dichlorobenzene 9S-50-l 10 330 
43. 2-Methylphenol 95•48-7 10 330 

44. bia(2-Chloro1aopropyl) 
ether - 39638-32-9 10 330 

45. 4-!-iethylphenol 106-44-5 10 330 
" 46. N-N1troao-D1propylamiae 621-64-7 10 · 330 

47. Heuchloroethane 67-72•1 10 330 
48. Nitrcibenzene 98-95•3 10 330 

49. l1ophorone 78-59-1 10 330 
so. 2-Nitrophenol 88-75-5 10 330 
51. 2,4-Dimethylphenol 105-67-9 10 330 
52. Benzoic Acid 65-85-0 50 1600 
53. bis(2-Chloroethoxy) 

cethane 111-91-1 10 330 

54- 2,4~D1chlorophenol 120-83-2, 10 330 
ss. l,2,4•Trichlorobenzene 120-82-1 10 330 
56. Naphthalene 91-20-l'· 10 330 
57. 4•Chloroaiu line 106-47•8 10 330 
58. Heuchlorobutad1ene 87-68•.l l.O 330 

f,Q 4-Chloro-3•methylphenol -... 
{para-chloro-aeta•cre1ol) 59-50-7 10 330 

60. 2-Methylnapbthalene 91-57-6 10 330 
6L Heuchlorocyclopentadiene 77-47•4 10 330 
61. 2,4,6•Tr1chloropbenol 88-06•2, 10 330 
63. 2,4,S•Trichloropbenol 95-95-4 50 1600 

(continued 



•• 
Oeteccion L1m1cs• 

Low Wacer~ Low Soil/Sed1:enc~ 
Semi-Volatiles CAS Number u3/L ug/l<g 

64. 2-Chloron•phthaleae 91-58-7 lO 330 
6.5. 2-Ni c ro•ai 11 ne 88-74.-4 so . 1600 
66. D1m•chyl Phchalate l3l-U-3 10 330 
67. Acenaphchyleaa 208-96-8 10 330 
68. 3-Nicroaniliae 99-09-2 .50 1600 

69. Acenaphchene 83-32-9 10 330 
70. 2,4-0iaitrophenol .51-28-.5 .50 1600 
71. 4-Nicrophenol 100-02-7 50 1600 
72. Oibenzofuraa 132~4-9 lO 330 
73. 2,4-Diaicrocolu•n• lll-14-2 lO .. 330 

" 74. 2,6-Dinitrocoluene 606-20-2 lO 330~ 
75. Diechylphthalace 84-66-2 lO ,330. 
76. 4-Chlorophenyl Phenyl 

echer 700.5-72-3 10 -330 
71. Fluorene 86-73-7· 10 330 
78. 4-Ni c roaaili ne l00-01-6 so 1600 

79. 4,6-Dinicro-2-methylpheftol 534-52-l .50 1600 
80. N-n1cro1odipheaylamiae 86-30-6 10 330 
8l. 4-Bromophenyl Phenyl ether 101-55-3 lO 330 
82. Rex.chl0r0benz1n• 118-74-1 l.O 330 
83. Pencachlorophenol 87-86-.5 .50 1600 

84. Phenanchren• 8.5-01-8 10 330 
8.5. Anchracen• 120-u-i 10 330 
86. Di-a-bucylphchalace 84-74•2 10 330 
87. Fluoraacheae 206•44-0 10 330 

88. pyrene 129-00-0 10 330 
$9. Butyl Benzyl Phchalace 8.5-68-7 10 330 
90. 3,3'-D1chlorobeaz141aa 91-94-1 20 660 
9·L. Beuo(a)anchracen• .56-5'-l' 10: 330 
92 •. bi .. (2~echylhesyl)fbtha:l.&u; 117-81-7 10 330 

93. Chrysen• 218-01•9 10 330 
94. c1-n-o~c1l Phchalace 117-84-0 10 330 
9.5. Seazo(b)fluoraach•n• 20.5-99-2 10 330 
96. Benzo(k)fl~oraachane 207-08-9 10 330 
97. Beazo(a)pyrene .50-32-t 10 100· 

(conc1aued) 



• 
Seai•Volacile• 

98. lndeno(l,2,3-cd)pyrene 
99. Dibenz(a,h)anthracene 

100~ lenzo(a.~,i~peryl•n• 

CAS Nuaber 

193-39-5 
53-70-3 

191-24-2 

• 
. _Detection Limits* 

Lov WaterC Lov Soil/Sedl~enta 
ug/L ug/Kg 

10 
10 
10 

330 
330 
330 

CMediu• Water Contract lequired Detection Liaita (ClU>L) for Semi-Volatile 
HSL Coapounda are 100 ti•• the individual Lov Water CIU>L. 

dMediw:a Soil/Sedi•nt Contract lequired Detection Limit• (ClU>L) for Semi­
Volatile BSL Coapounds are 60 ti••• the individual Lov Soil/Sediment CllDL. 



• 
Oececcion limits• 

Low Watu·I Low So1l/Sed1cen:! 
P••ticidH CAS Number u15/L ug/lCg 

101. alpha-BBC 319-84-6 o.o, 8.0 
102. beca-BHC lU-85-7 o.o, 8.0 

103. 4elt.a-1uc· 319-86-8 o.o, 8.0 
104. 1•111111&-BHC (Lindane) 58-89-9 0.0, 8.0 
lOS. !eptachlor i6-44-8 0.0, 8.0 
106. Aldda 309-00-l o.os a.o 
107. Keptachlor Eposide 1024-57-3 o.o, a.o 
108. !ndosulf an 1 9'9-98-8 o .. os 8.0 
109. Diddrin 60-57-1 0.10 16.0 
110. 4,4'•D0£ 72-5'-9 0.10 l6 .o 0 

111. Endrin 72-20-8 0.10 16.0 
112. Endo•ulfan II 33213-6S-9 0.10 16.0 

113. 4,4'•000 72-54-8 0.10 l6 .o 
114. Eadosulfaa Sulfate 1031-07•8 0.10 l6 .o 
11'. 4,4'-DDT S0-29-3 0.10 16.0 
116. !ndrin Ketone 53494-70-S 0.10 16.0 

117. Methoxyc:hlor 72-43-5 o.s 80.0 
118. Chlordane 57•74-9 . 0 ., 80.0 
119. Toxaphene 8001-35-2 1.0 160.0 
120. AAOCLOl-1016 12674•11•2 o.s. 80.0 
121. IJtOCLOP.-1221 11104-28-2, o.s 80.0 

122. ilOCl.01•1232 11141-u-5'· o.s 80.0 
· 123 ~ ilOC1.01• ll42 53469-21-9 o., 80.0 

124. AIOCLOR-1248 1267%-29-6 o., 80.0 
l2S. Al0Cl.Ol•ll54 11097-69-1 1.0 160.0 
126 • .ulOCl.01•1260 110,,-12-, 1.0 160.0 

•Medium Water Coacracc leq\lired. Dec•ccioa Lilli ts (caDL) for Pescicid• KSL 
Coa,ounda. are: 100 UMa; the, 1n-.1vid"1 Lav Wacer QD1.. 

fMediwa Soil/Sedi•ac Coacracc lequir•d Dececcioa Lillie• (ClU>L) for Pestici~• 
HS~ caapouada ara 1, t1Ms the individual iov Soil/Sediment CJU>L. 

•oe,ecc1oa lildca li1ced for soil/sedi .. nc ara lt.ased oa vec veiaht. Th• decee­
cioa 11mc1 ulculac•d by the laboracory for 1011/secli•nc, calculated on dry 
veipc baais, •• r•qu~•4 bf ch• concracc, vill be hiper. 

•• Specific 4ececc101a 11111,1 ara bi&hl1 ucris dapeueac. Th• dececcion 
11aics lJsced herein are pro•t4•4 tor paidaaca aad uy co, alvay1 be 
achievable. 



, .... : 

• • 
Table 1. !l•m•a:s Ce:erur1ed oy Inducc"ively Coupled 

Plaau !aissioa or Acoauc Abaor~c1on Spec:ro1copy• 

ll••n: 

jJ,umiziua 
- AA:1aaay 
.u.•111~ 
Janua 
lff'7WU■ 
c:.act.mwa 
c.J.c:iwa 
Chrocma total (+3, +6) 
Cobal: 
eo,,-r 
Ir= 
lo.ad 
Mapesiu■ 

Hancu••· 
Mar=r, 
!licul 
Pocaaaiua 
Selem.WI 
Silftr 
SocU.wa 
Thalliua. 
Vuadiwa 
ZiAC 

Coacrac: I.quired 
Decac:1oa Levell,2 

- (ur/l.) 

200 
60 
10 

200 
5 

' 5000 
1q 
5CJ 
~ 

100 

' 5000 1, 
.. 0.2 
40 

5000 

' 10 
5000 

10 
50 
20 

• 




