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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) at 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 7%-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 Companv. 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 o0il 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. 1In 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 more 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 1% 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 projects 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

0il) 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 Universityv 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/l. 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/l 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/l1 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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o Determine the nature and extent of creosote and
0oil contamination in onsite soil, groundwater,
surface water and river sediment

o} Identify and evaluate potential routes of contami-
nant release and migration.

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

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

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

o 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 previous 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 o0ld 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:

e} Develop and evaluate remedial action alternatives.
o 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 investigation program that incorporates
endangerment, hydrogeologic, hydrologic and remedial techno-
logy data collection activities. Data will be required to:

e} 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.

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

o 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.

o 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.

o) 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:

o Perform a characterization and hydrogeologic assess-
ment of the site;

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

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

o] Perform additional screening of remedial alterna-
tives; and
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o 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 FS. 1If
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. 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.

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

4, 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.

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

6. 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 11 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 1ntended to prov1de 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
guality control and assurance programs; and outlining the
scope of work for a Phase II RI (if additional field inves-
tigative work is necessary) or the FS.

Task FK--Field Work Support. Facilities for decontamination,
equipment and sample storage, onsite laboratory analyses and

. 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 objective 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 surveving and mapping will include:

o 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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e} Delineation of potential dredge disposal areas
along the river embankment will be made by compari-
son of field observations to aerial photographs.

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

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

o 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 will include:

o 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.

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

3.2 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
will be designated as G (ground) for onsite 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 S1 and S2 are presented below. Initial screening,
based on two analytical methods developed by CHZM HILL labora-
tories, will provide for gross identification of the quantity



-

Ra,lsion No. 3

Date October 15, 1987
Page 11 of 34

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 assessment. 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. CHZM HILL will be responsible for the management
and coperation of the CSL.

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

The second analytical method selected for the initial screen-
ing (Task Gl and S1) 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 guan-
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.



\

STANDING
LiQuio

TRENCH FILLED
WITH CLAY

EXISTING CAR STORAGE

-
[

LOT AND RAILROAD TRACKS

e o o o li|||||q
=" a Zz
L.l. I_QE g4q
| _ freg ) w®
=Q =z -
L2 JEs 8 23
SJ. mM m mw \
. . e Z 22
< m $3 & T O o
b a
N~ & gl
N -~ < [ ]
~S<5j]—~03
w S
2 bR}
z 53 A
a «< &
o <
z &
Q W@
2 L
< N
o D
o Q
<
)
P
(3]
—I mw,
* w
5 9y
w <
Z OSa
=9 w5
<L q Qe
5o 7]
w wi
. i e QZ
. : > ¥
o " aQ
Ceo—o —eol _o—0 __0__o_Jo_ o
3 \ ?
; AY ] 5
‘e—e—e- lo.lolo\lollw.
L} g «
gg 8
23 =
Wm w
28
ol 1— Quw
@
gy
w
s 2 $£2
w Q w -
TS Q m
ag 2
2% =
e O
© O & A
z) 29 <« <
a8 << o
M“wm o 4//
wgy =g &
gz 9o o~
2 «©
aa .

DRIP TRACKS OR
LOADING DOCKS

+—
~

00L AVMHOIH JLVLS

300

w
-
&
W
=
(o]
@
- w
wQ
c g
S
o=
g5
wn
3
4
g
.
k)
£
H
H
3
a8
R4
]

z
an.
= 8 3
g2
g 5 ¢ 3
« g 2% v
2.8 3 1
g W -
anm
Q 0 »w a =
H | o
Q e 5
- Q
- | H

150
SCALE IN FEET

LOCATIONS

been on 1he siue. Many al these have since been dismanited

or coverea.

MUOSS AMERICAN



2 ent

couind v

Moy

(:17:1[_

~
I3
s

MILWAUKEF

TR N &
A o

N4
e

AR~

] <000

H o)

SCALE INFEET

LEGEND

. SINGLE SAMPLING SITESI?5)
SPACED 300° APART

o CROSS SECTIONAL SAMPLING SITES
126) SPACED 1200° APART

FIGURE 5

QENIMENT QAMDI 2 4 AC LT i




- =

Fff

. R‘sion No. 3

Date October 15, 1987
Page 13 of 34

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 0 to 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--Confirmatorvy 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 S1 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:

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

o 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.

e} The Little Menomonee River acts as a groundwater
discharge zone such that all groundwater flow from
the site eventually 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 ke 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--Intermediate (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. 1In 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
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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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f« A total of 10 water samples (including one replicate and one
b field blank) will be collected and submitted to the CLP.

Samples will not be taken immediately after any major preci-
C pitation event to avoid masking or dilution of contaminant
L 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/acidity, sulfates, and total phenols. Field mea-
surements for pH, temperature, and conductivity will also be
conducted.

,,Q_._-
. d

3.5 EVALUATION OF FIELD AND LABORATORY DATA

Task DV--Data Validation. Quality assurance reviews of analy-

i 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 CH2ZM 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

P 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
L 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.

N

Specific analyses and evaluations to be performed are:

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

g o Identification of recharge and discharge areas

gf o Determination of vertical hydraulic gradients with

L. respect to integrity of the till as a confining
layer

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

o Estimation of surface and groundwater contaminant
loadings to the Little Menomonee Riveér ‘

o) Determination of the location and extent of con-
taminated soil onsite

o) Determination of the location and extent of con-
taminated sediment in the river

o 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
defineqd.

Task RR--RI Report. A draft technical report summarizing

Phase I activities, results, and conclusions will be pre-
pared. Six copies will be submitted 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:

.0 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

o 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)

o Site Manager (SM)
Andrew Diefendorf (CH2M HILL)

o Regional Manager (RM)
Mike Jury (CH2M HILL)

o Quality Assurance Manager (CAM)
Greg Peterson (CH2M HILL)

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

o Offsite Laboratory Operation
U.S. EPA Contract Laboratory Program (CLP)
and CH2ZM HILL Montgomery laboratory

o} Onsite Laboratory Operations
U.S. EPA Close Support Laboratory (CSL)
managed by CH2ZM HILL

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

o} Special Analytical Services Requests Preparation
CH2M HILL

o Review of Tentatively Identified Compounds
CH2M HILL

o} Review of Physical Soil Testing Data
CH2M HILL

o QA/QC of CLP Data

U.S. EPA Region V, Contract Project Management
‘Section (CRL) -

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

o CLP Data Completeness
CH2M HILL

o 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 guality rests with the SM. Independent quality
assurance review is provided by the QA reviewers. A proiect
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

Accuracyv 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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zr‘ 6.2 ACCURACY, PRECISION, AND SENSITIVITY OF LABORATORY

- ANALYSIS

e The groundwater, surface water, soil, and sediment samples

f‘ 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 protocol) are found in Appendixes G and
l: 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
will also be performed. QAPP elements for each are listed
below and are documented in the references cited.

QAPP Element - RAS SAS Field Analysis
i 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
2 Audit PD Appendixes G & H Appendix I
Data Assessment PD Appendixes G & H Appendix I
n Accuracy/Precision
Definitions PD Appendixes G & H Appendix I
- Corrective Action PD Appendixes G & H Appendix I
[g PD = Predetermined in CLP, IFB Nos. WA-85-J644/J680 for orga-

nic chemical analyses and IFB Nos. WA-85-3J838/J839 for
metals and cyanide.
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7.1 CILP ROUTINE ANALYTICAL SERVICES

Analytical and Calibration Procedures

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 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 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-85-3838/J839 for
metals and cyanide.

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 for analyses performed by
CLP, RAS, are listed 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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e} Reanalyzing samples if holding time criteria per-
mit;

o Resampling and analyzing;

e} Evaluating and amending sampling and‘analytical

procedures; and
o 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). 1In
addition, selected subsurface soil samples will be analyzed
for particle-size disfribution 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-
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 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

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

Surface soil and sediment samples will be analyzed for PAH
and phenolic compounds at the CHZM 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 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 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 resolved.

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. The 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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Data Reduction/Validation and Reporting

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.

. Y
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:

o 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 analvtical
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 for the TC screening in Appendix B.
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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.

7.5 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 measurements will be
regularly calibrated (where appropriate) as specified in
Appendix I.
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Data Assessment

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-1 :
EXISTING SURFACE WATER DATA - LITTLE MENOMONEE RIVER

Hexane
extrac-
0il FPhenol table
Sample location Date Sampler mg/1 mg/1l mg/1 Comments
EBrown Deer Rd. 2-22-68 WDNR < .04 MF S.9
Brown Deer Rd. 9-4-68 WDNR Q.30 MP S.9
Moss Am. QOutfall 2-22-468 WDNR 1.70 MF S.8
Moss Am. Outfall ?-4-68 WDNR 4,00 MP S.8B
Wooden Bridge 2-22-68 WDNR 0.06 MP S.2
Wooden Bridge 9—-4-48 WDNR 0.30 MP 5.2
1 7-20-71 Rexnord z £0.01
2 7-20-71 Rexnord 11 <0.01
3 7-20-71 Rexnord 4 0.01
4 7-20-71 Rexnord 3 0.02
S 7-20-71 Rexnord 0 0.02
6 7-20-71 Rexnord 2 0.01
7 7-20-71 Rexnord o] 0.01
8 7-20-71 Rexnord 1 0.02
? 7-20-71 Rexnord 2 <0.01
71-101 10-21-71 USACE 0.028 113
71-103 0.040 118
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Sample
location

772401
772401
772407

772413
772413
772419
772431
772431
772440
772440
772452

Appendix A-2

EXISTING GROUNDWATER QUALITY DATA

Date

9-20-77
10-19-77

10-19-77

9-20-77
10-19-77
10-19-77

9-20-77
10-19-77

9-20~-77
10-19-77
10-19-77

Sampler

NEIC™
NEIC™

NEIC”

NEIC
NEIC
NEIC
NEIC
NEIC
NEIC
NEIC
NEIC

Methvlene

Chloride

extractables

mg/1

4190
99
600

.-
L

<2

<2
20

<2

Dommen;s

Majority of extractable
material resembled highly
weathered fuel o0il

Not Detected

Not Detected

Spring sample, 100 ft SW
of 772440
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Appendix A-3

EXISTING SEDIMENT SAMPLE DATA - LITTLE MENOMONEE RIVER

Date

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

10-16-72
10-16-72
10-16-72
10-16-72
10-16-72
10-16-72
10-16-72
10-16-72
10-16-72
10-16-72
10-16-72
10-16-72
10-16-72
10-16-72
10-16-72
10-16-72
10-16-72
10-16-72
10-16-72
10-16-72
10~16-72
10-16-72
10-16-72

Sampler

Rexnord
Rexnord
Rexnord
Rexnord
Rexnord
Rexnord
Rexnord
Rexnord
Rexnord
Rexnord
Rexnord

Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest
Biotest

Hexane

Extractable

g/kg of
wet mud

- N
OhJOLﬂMLﬂVEhrS}P
NDPrOIPIDAmmNND

“

Hex ane

Extractable

g/kg of

dry solids

U

N N
LI R}

CarmrYBIOWNOO
WNDNDPNDUNMWN D

-

[ 3
. L] L] [ ] . . . L] ]

HNUH\J-DMONOMN!\JMU)VJH"0‘*-‘0‘04040
OCOO0OOQOOQOCNOOOOOOQCOOO0QOCOCO

(3] —

Location

730
730
730
530
330
530
420
430
430
330
330
330
230
2T0
230
130
130

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

above
above
above
above
above
above
above
above
above
above
above
above
above
above
above
above
above

LCalumet

Calumet
Calumet
Calumet
Calumet
Calumet
Calumet
Calumet
Calumet
Calumet
Calumet
Calumet
Calumet
Calumet
Calumet
Calumet
Calumet

Rd.
Rd.
Rd.
Rd.
Rd.
Rd.
Rd.
Rd.
Rd.
Rd.
Rd.

Rd.

Rd.
Rd.
Rd.
Ra.
Rd.

J0 ft above Calumet Rd.
20 ft above Calumet Rd.
30 ¥t abave Calumet Rd.

400 ft below sta’'s 71,
+t below sta“s 71,
400 ft below sta’'s 71,

400

72
72
72

& 73
& 73

2 7=

-




Appendix A-Z
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Sample location

71-102
71-104
71-105
71-106
71-107

Sample location

LMR
LMR

LMR 0.1
LMR 2.5
LMR 4.0
LMK 4.0
5.0
5.9

LMR
LMR
LMK
LMR
LMR
LMR

UIUI-.b-btJO
NOoOOoOOoCuU»+

LMR
LMR
LMR
LMR
LMR
LMR

N .
gooour

uunespNO

Date‘

10-21-71
10-21-71
10-21-71
10-21-71
10-21-71

Date

6-284-75
6-24-75
6-24-73
6-24-735
6-24-735

6-24-75

6—-24-75
6—-24-75
6-24-75
6-24-75
6-24-735
&6-24-735

&—-24-73
&6-24-73
6-24-75
6-24-75
&—-24-735
6~24-75

Sampler

COE
COE
COE
COE

COE -

Sampler

USEPA
USEPA
USEPA
USEPA
USEPA
USEPA

USEPA
" USEPA
USEPA

USEPA
USEPA

USEPA

USEPA

USEPA-
USEPA
USEPA:

USEPA
USEPA

Hex ane -

Soluble
mg/kg

11050
S470
2910

102180

24080

0il and
Grease

Wet Basis
mg/kg

133
890
760
4980
7570
730

Biphenyl
mg/kg

1.0

42.0

Fluaoran-
thene
mg/kg

?
EXISTING SEDIMENT SAMFLE DATA - LITTLE MENOMONEE RIVER

Fhenol
mg/kg

0.024
0.019
0.026
0.038
0.012

Pyrene
mg/kg

=.6
31.0
6.2
200.0
330.0
6.7

Dibenzo-
furan
mg/ kg

8.4
2.4
220.0

Acenaph-
thene
mg/kg

Percent
Volatile
Solids

17.4
z2.2

11.7

=
O )

16.9

Fluorene
mg/kg

0.2
4.9
276.0

Phenan-
threne
mg/kg

43,0
2.0
13.0
430.0
z.0

Comments

Bottom
Bank
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Appendix A-Z

EXISTING SEDIMENT SAMFLE DATA - LITTLE MENOMONEE RIVER
Methylene
Chloride
Extractable
Sample location Date Sampler mg/kg
772401 0-1.5 ft 9-19-77 NEIC 2,300
772401 5-6.5 £t 9-19-77 NEIC —
772401 10-11.5 ¥t 9-19-77 NEIC 7,900
772401 15-16.5 ft 9-19-77 NEIC 2,400
772402 surface 9-19-77 NEIC 9,800
772402 62 cm 9-19-77 NEIC 15,400
772402 90 cm 9-19-77 NEIC 1,700
772403 surface 9-19-77 NEIC 9,200
772403 IS cm 9-19-77 - NEIC 2,100
772403 S0 cm 9-19-77 NEIC- 11,100
772404 surface 9-19-77 NEIC. 8,500
772404 32 cm 9-19-77 NEIC 4,300
772404 82 cm 9-19-77 NEIC 1,000
772405 surface 9-19-77 NEIC 5,900
772405 25 em 9-19-77 .NEIC 13,100
7724095 65 cm 9-19-77 NEIC 4,200
772406 surface 9-19-77 NEIC. 2,000
772406 mid-depth 9-19-77 NEIC 31,800
772406 73 cm 9-19-77 NEIC 3,800



Appendix A-3I ,
EXISTING SEDIMENT SAMPLE DATA — LITTLE MENOMONEE RIVER

o
1

{5

Methylene

Chloride

Extractable

_ (Dry Weight)

Sample location Date Sampler mg/kg
772407 0-1.5 ¥t 9-19-77 " NEIC . 23,700
772407 S-6.5 ¥t 9-19-77 - vNEIC.“; -
772407 10-11.5S ft 9-19-77 NEIC® " -
772408 surface 9-19-77 NEIC 4,500
772408 20 cm 9-19-77 NEIC 4,400
772408 69 cm 9-19-77 NEIC. zZ,300
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 Z,100
772410 68 cm 9-19-77 NEIC™ 1,500
772413 5-6.5 ft 9-19-77 -NEIC 1,700
772413 10-11.35 ft ©9-19-77 NEIC -
772414 surface 9-19-77 .'NEIC-< 71,000
772414 I8 cm 9-19-77 .. NEIC. 10,400
772414 SS cm 9-19-77 " NEIC 34,300
772413 surface 9-19-77 ‘NEIC 12,900
772415 50 cm 9-19-77 NEIC -
772415 60 cm 9-19-77 ~NEIC . -
7726816 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
772419 0-1.5 ft 9-19-77 NEIC -
772419 - S5-6.5 ft 9-19-77 NEIC -
772419 10-11.5 ft 9-19-77 NEIC . -
772420 surface 9-19-77 NEIC 40,200
772420 50 cm 9-19-77 NEIC 19,300
772420 75 em 9-19-77 _NEIC . 13,600
" 772421  surface 9-19-77 NEIC 10,500
772421, 47 cm 9-19-77 NEIC 3,800
772421 72 cm 9-19-77 NEIC' - 2,200
772422 surface 9-19-77 NEIC. 4,900
772422 33 cm 9-19-77 NEIC-~ 6,200
772422 73 cm 9-19-77 NEIC. .. 2,200



Appendix A-3
EXISTING SEDIMENT SAMFLE DATA - LITTLE MENOMONEE RIVER

Methylene

Chloride

Extractable

(Dry Weight)

Sample location Date Sampler mg/kg
772426 surface 9-19-77 NEIC 72,900
772426 70 cm 9-19-77 NEIC 7,100
772427 surface 9=19-77 NEIC 279,000
772427 60 cm 9-19-77 NEIC. S, 600
772430 surface 9-19-77 NEIC 2,400
772430 ‘52 em  9-19-77 NEIC - - 4,100
772430 &0 cm 9-19-77 . NEIC -
772431 surface 9-19-77 _ NEIC 1,900
772431 I0 em 9-19-77 NEIC 2,800
772431 55 em 9-19-77 NEIC -
772431 S5-6.5 ft 9-19-77 NEIC -
772431 10-11.5 ft 9-19-77 NEIC -
772432 surface 9-19-77 NEIC 11,200
772432 36 cm 9-19-77 .NEIC . 35,800
772432 S8 cm 9-19-77 " NEIC - -
. 772433 surface 9-19-77 NEIC 8,800
772433 40 cm 9-19-77 NEIC -_
772433 -— cm 9-19-77 NEIC —
772434 surface 9-19-77 NEIC - 9,100
772434 40 cm 9-19-77 NEIC . 1,700
772434 70 cm 9-19-77 NEIC - 3,700
772435 surface 9-19-77 NEIC '~ 19,700
772435 40 ecm 9-19-77 NEIC. 1,000
772435 70 em 9-19-77 NEIC 1,000
772436 surface 9-19-77 NEIC. 10,200
772436 S0 em 9-19-77 NEIC: 1,100
772436 80 cm 9-19-77 NEIC 15,600
772437 surface 9-19-77 NEIC. 8,600
772437 32 em 9-19-77 NEIC . 11,000
772437 &S cm 9-19-77 NEIC: 2,800
772438 surface 9-19-77 NEIC 1,900
772438 S2 cm 9-19-77 NEIC 3,900
772438 70 cm - 9-19-77 NEIC 3,100
772439 surface 9-19-77 NEIC 900
772439 I8 cm 9-19-77 NEIC . . 25,300
772439 70 em 9-19-77 -NEIC: 21,100
772440 10-11.5 ft 9-19-77 NEIC -
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KERR-MCGEE/MOSS-AMERICAN SITE

SAMPLE LOCATIONS
(April 10, 1984)

DESCRIPTION

Sampled top 6 in. of sofl of a bare spot in an area
of coarse vegetation; location approximataly the
same as Well Q7 {n Reference 1. '

Composite sample of mounds. of black, ofly mterial
depositad on surface; location between fence and
C & NW tracks, south 2f Well Q1 in Referencs 1.

Sampled top 12 in. of s0il; location along fence
T1ine near southernmost access gate, in vicinity
of kell 01.

Sampled a sediment from drainage ditch on north
boundary of sits, 85ft. west of discharge to
Little Menomonee River.
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SAMPLE
NO.

NOTES:

APPENC L &k

S
TABLE .2
SAMPLE AMALYSES
METHYLENE CHLORIDE EXTRACTASLES, mg/kg B |
(ORY WT) EXTRACTABLES
98,3800 9.0
81,000
(90,000 AVE)
360,000 39.0
481,000
(390,000 AVE)
< "m . < 0.]
mo“ 2-2
2,000
(22,000 AVE)

1. Procedure Qscribod on p. C-3 of Reference 1.

Analytical uc!mqui was verified by recovering known 2mounts
of crecsots added to the sazples; the recavery varied from 65
to 109 percent. .
Crecsots fres s0i! was extracted. Yaluss from the analyses
were lass than 1000 mg/kg.
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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 a 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 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.

1.2.2 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.

1.2.3 The method does not distinguish carbon
from mineral sources or humus sources in
soil from carbon of waste origin. Both
calcium carbonate (CaCO,) and ground
pine needles, if present, 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



s

—
4

(05

2.

!

wastewaters having TCs in the parts per million
range.

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 Samples,
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.

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.

INTERFERENCES

3.1

3.3

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,

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..

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.

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.
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3.5

SAFETY

4.1

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.

Sample drying or excessive handiing may result

in the loss of volatile
which contribute to the
sample analysis will be
basis minimizing sample
representative aliquots

organic constituents
TC. Whenever possible,
on an "as received"
handling to obtain

to analyze.

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

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

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.

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.

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 coild, the solution
can cause irritation and ulceration. It
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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 result
in severe burns and contact with the

eyes may result in loss of vision. When
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.

4.3.2 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 Yespiratory 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!

4.3.3 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.

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.

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.

APPARATUS AND MATERIALS

5.1

5.5

5.6

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

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

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

Furnace Combustion Tube--McDanel, one reduced
end, 22mm I.D. X 29mm O0.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 end.

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 (0,) Purifying Train--between the O2
cylinder and the furnace.



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

5.7.2 Carbon Dioxide (CO,) Absorber--Drying
tube or U-tube con%aining Ascarite.

5.7.3 Water Absorber--Drying tube containing
Aquasorb. . .

5.8 Offgas Purifying Train--after the furnace.

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

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

5.8.3 Water Absorber--U-tube containing magne-
sium perchlorate, Mg(ClO4)2.

5.9  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.

5.10 Miscellaneous Items--Filter wool for £fish aguaria
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.

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

6.2.2 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 Drierite--Self indicating, 10-20 mesh.

6.3.2 Ascarite~-Self indicating, 20-30 mesh.

6.3.3 Aquasorb--Indicating phosphorous pentoxide
pre-packed in drying tube.

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

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

6.3.6 Potassium Dichromate--Reagent grade.

6.3.7 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 Dextrose-=-Reagent grédé, anhydrous powder,
40.00 percent carbon.

6.4.2 Potassium Hydrogen Phthalate (KHP)--
Reagent grade, primary standard,

47.05 percent carbon.

6.4.3 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.

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

CALIBRATION
7.1 Calibration is not conducted as with instru-

mental methods because this method is a manual
gravimetric determination.

7.2 System stability and performance checks are dis-
: cussed under ANALYSIS PREPARATION and QUALITY
ASSURANCE.
7.3 Balances will be calibrated using NBS Class S-1
weights.
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SAMPLE PREPARATION

8.1

8.3

9.4

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

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

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.

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

PREPARATION--See Figure 1

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

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.

9.2.1 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 Carefully pipet 20 ml of chromic acid

into the Fleming absorption bulb.

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

9.4.3 Mix the Ascarite by shaking in its ori-
ginal container. Using a glass funnel,
add Ascarite on top of the 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.

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

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

ANALYSIS PREPARATION

10.1

10.2

10.3

10.4

10.5

Turn on furnace to allow 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.

ANALYSIS

11.1
11.2

11.3

11.4

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

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

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.

Weigh an appropriate size sample into the pre-
pared boat distributing the sample along the
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 percent grams percent
sample carbon sample carbon

2.0 0-1 0.25 10-20

1.0 1-2 0.15 20-35

0.75 2=7 0.10 over 35
0.50 7-10

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,

10
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. 11.5

11.6

11.8

11.9

11.10

11.11

11.12

plastic boat) if a quantitative transfer
to the boat can be accomplished.

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. :

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 nearest 0.1 mg (0.0001 gm).
Place the absorber near the end of the combus-
tion train.

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

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

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.

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

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.

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 £ill the lab
with ac1d 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 minutes 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 will 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.

12
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12,1 Percent carbon on an as- received or wet basis:

% Carbon =D X 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)

44,011 (molecular weight of carbon dioxide)
12.2 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

QUALITY ASSURANCE REQUIREMENTS

13.1 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
L] BmL . "

13.2 Blanks--absorber weight gain of less than 0.0015 gm. -
13.2.1 Initial Blanks--without tin as in 10.5.

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.

13.3 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.

13



13.4

13.6

13.7

13.8

1309

Precision--duplicates of plus or minus 20 per-
cent RPD 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.

Quality assurance calculations:
13.9.1 Relative percent difference, RPD

$ RPD = D1 - D2 X 100

D1 + D2
2
where:
D1 = First duplicate .
D2 = Second duplicate

13.9.2 Spike recovery, R

$ R=SSR - SR X 100
SA

14



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

GLTS95/39

Assume a 20 sample per day workload:

14.1.1

14.1.2

14.1.3

14.1.4
14.1.5
14.1.6
14.1.7
14.1.8
14.1.9

14.1.10

14.1.11
©14.1.12

14.1.13
14.1.14
14.1.15

Initial blank without tin

Initial blank without tin (if needed as
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)

Continuing blank with tin

Field samples 11 through 20 (maximum)
Duplicate of one of samples in 14.1.11
Spike of the same sample in 14.1.12

Continuing blank with tin

Final standardf-same as 14.1.3

15
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DETERMINATION OF WATER (MOISTURE) CONTENT OF SOIL

GLTS595/43



-

ORI

N

-

- & oo

PR

q b ‘AM[RICAN NMIONM'
STANDARO

Standard Method for

ASTM D 2216 - 80

LABORATORY DETERMINATION OF WATER (MOISTURE)
CONTENT OF SOIL, ROCK, AND SOIL-AGGREGATE

MIXTURES'

This standard is issued under the fixed designation D 2216: the number immediately following the designation indicates the
year of original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last

reapproval.

1. 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 does not give true repre-
sentative results for: materials containing sig-
nificant amounts of halloysite, montmorillon-
ite, 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
thetest.

2 SummryofMethod'

2.1 The practical application in determining
the water content of 2 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. Signiﬁca@e 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 In 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 iimit, 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 tn-situ tempera-
tures or less than 110°C can be misleading.

3.5 The term “solid particles” as used in
geotechnical engineering, is typically assumed
to mean naturally occurring mineral particles
that are 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

' This method is under the jurisdiction of ASTM Com-
mittee D-18 on Soil and Rock and is the direct responsibility
of Subcommittee D18.03 on Texture, Plasticity and Density
Characteristics of Soils.

Current edition approved May 30, 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, thermostatically-con-
trolled, preferably of the forced-draft type, and
maintaining a uniform temperature of 110 +
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, x0.1 g for specimens having a
mass of between 200 and 1000 g, or + 1 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 1). One container is needed for each
water content determination.

Note |—The purpose of close-fitting lids is to
prevent loss of moisture from specimens before initial

weighing and to prevent absorption of moisture from
the atmosphere following drying and before final

weighing.

4.4 Desiccator—A desiccator of suitable size
(a convenient size is 200 to 250-mm diameter)
containing a hydrous silica gel. This equipment
is only recommended for use when containers
having close-fitting lids are not used. See 7.4.1.

5. Samples

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

5.2° The water content determination should
be done as soon as practicable after sampling,
especially if potentially corrodible containers
(such as steel thin-walled tubes, paint cans, etc.)
or sample bags are used.

6. Test Specimen

6.1 For water contents being determined in
conjunction with another ASTM method, the
method of specimen selection specified in that
method controls.

D 2216

6.2 The manner in which the test specimen
is selected and its required mass is basically
dependent on the purpose (application) of the
test, type of material being tested, and the type
of sample (specimen from andther test, bag,
tube, split-barrel, etc.). In all cases, however, a
representative portion of the total sampie shall
be selected. If a layered soil or more than one
soil type 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.

6.2.1 For bulk samples, select the test speci-
men from the material after it has been thor-
oughly mixed. The mass of moist material se-
lected shall be in accordance with the following
table:

Recommended Minimum
Sicve Retaining More Than ~ Mass of Moist Specimen,

About 10 % of Sample . .8

2.0 mm (No. 10) sieve < 10010200¢
4.75 mm (No. 4) sieve . 300t0 500 - . -
19 mm 500 to 1000

38 mm - 1500 to 3000

76 mm - 5000 to 10 000 ~

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

6.2.2.1 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 slice it in half (to check if the
material is layered) prior 10 selecting the test
specimen. If the soil is layered see 6.2. The
mass of moist material 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 test 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 previously indicated value shall
be noted in the report of the results.

Note 2—Iin masy cases, whea working with a
small iample containing a relatively large coarse-
grained particle, it is appropriate not to include this

rticle 1n the test specimen. If this occurs, it should

noted in the report of the results.
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7. Procedure

7.1 Sclect representative test specimens in
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 2 drying oven main-
tained at 110 + 5°C and dry to a constant mass
(Notes 4, 5, and 6).

NoTe 3—To assist in the oven-drying of large test
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 matenals being tested and the apparatus
being used. la 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 ' 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 + 5°C does not
always result in water content values related to the
intended use or the basic definition especially for
matenals 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 x 5°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 cither of these
drying methods are used, it should be noted in the
report of the results.

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

7.4 After the material has 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 uatil the
container can be handled comfortably with

D 2216

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 are 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’[(W| - Wz)/(Wz— W()] X 100=-‘fw—'x 100

where:

w = water content, %,

W, = mass of container and moist specimen,
&

W, = mass of container 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

9.1 The report (data sheet) shall include the
following:

9.1.1 ldentification 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 1 %, 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
amouant) excluded from the test specimen.
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curacy of this test method have not yet been

10. Precision and Accuracy
developed.

10.1 Requirements for the precision and ac-

The American Society j'or Te.mng and Materials takes no position respecting the validity of any patent rights asserted in
connection with any item d in this standard. Users of this standard are expressly advised thai determination of the validity

of any such patent rights, and the risk of mfrmgemem of such rights, are entirely théir own responsibility.

This standard is subject to revision at any time by the responsible technical ittee and must be reviewed every five years
and if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for. additional
standards and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the
sponsible technical ¢ which you may aitend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, Pa. 19103, which will schedule a
Jurther hearing regarding your s. Failing satisfaction there, you may appeal t0 the ASTM Board of Directors.
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Appendix C
GAS CHROMATOGRAPHY WITH FLAME
IONIZATION DETECTION (GC/FID)
STANDARD OPERATING PROCEDURE

Prepared by CH2M HILL, Inc.
Montogmery, Alabama for the
Determination of PAH's and
Phenolic Acids in Soil Matrix



THE DETERMINATION OF FOLYNUCLEAR AROMATIC HYDROCARERONS
AND FHEMOLIC ACIDS IM SOl MATRIX

: and Applicatian

us

‘;_.

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

FAH Compounds CAS No.
Naphthalene P1-20-3
Acenaphthylene 208-~96-8
Acenaphthene 83i-~3I2-9
Fluorene 86-73-7
Fhenanthrene 85-01-8
Anthracene 120-12-7
Fluoranthene 206-44-0
Fyrene 129-00-0
EBenzo(a)anthracene 96-355-2
Chrysene 218-01-9
EBenzo(b)fluoranthene 205-99-2
Renzo (k) fluoranthene 207-08-9
Eenzo(a)pyrene S0O-Z2-8
Indeno(l,2,3~cd)pyrene 193-39-5
Dibenzo(a,h)anthracene SE-70-3
- Benzo(g,h,i)pervlene 191-24-2

Fhenolic Compounds

Fhenol 108-395-2
2-Chlorophenol : 95-57-8
2-Nitrophenol 38-75-3
2,4-Dimethylphenol 105-67-9
2,4-Dichlorophenol 120-83-2
4-Chloro-3-methylphenol S9-50-7
2,4,6-Trichlorophenol - 88-06-2
2,4-Dinitrophenol - ) S1-28-9
4—-Nitrophenol 100-02-7-
4,6-Dinitro-2-methylphenol 534-52-1
Fentachlorophenol 87-86-35

This method is a quick and efficient determination of the
compounds listed above. Compounrnd identifications are based
upon retention times onlvy. And for this reason, compound
identifications .should be supported by an additional
qualitative technique. EFA Method 625 provides a gas
chromatography/mass spectrometer (GC/MS) analysis which may
be used to confirm results produced by this screening method.
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The method detection limits (MDLs) 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 soi1ls not heavily
contaminated, most compounds are detectable at the one part
per million level or lower. ’

The use ot this method must be restricted to those analysts
axperienced with capillary gas chromataography and the use of
multiple internal standard analysis.

Summary of the Method

Approximately one gram of soil is weighed into a tared 1S-mL
screw—cap vial already containing approximately 10 grams of
anhydrous sodium sulfate. The soil and drying salt are miuxed
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 mL of methvlene
chloride containing surrogates is added to the vial. The
vial is capped and shaken vigorously for one minute.

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 30 mL of basic water (pH 11-12). The tranmster is
completed in such a way as to control the amount of organic
liquid phase in the separatory funnel (50:10 H20:CHz2C1z).
Fhenols are partitioned into the agqueous 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 FAH
analvsis or it may be discarded if the FAH analysis is not
required.

Fhenolic acids are extracted from the aqueous phase as an
acid fraction. To achieve good acid recoveries the agueous
phase is adjusted to pH 2 or lower, and then ten grams of )
sodium chloride are dissolved. Finally the agueous phase is
extracted twice in series using SO mbL 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.

A FAH fraction may be prepared for analysis by claiming the
organic liguid phase fraom the first separatory funnel
equilibration at high pH (see 2.2 above). This base/neutral
traction should be subjected to additional silica gel column
cleanup before FAH analvsis by GC/FID. :

Complex soil samples should have the FAH fraction and the

ohernolic fraction analv:ied separately. For relatively clean
solls however, the wmethod does provide instrument conditions
for simultanecus analysice of the FAHs and the phenolic acids.



I. Safety

Z.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 data sheets for all
materials must be made available to the personnel involved in
the chemical analysis. '

[
3]

All parameters in this analysis are designated as priority
pollutants by the Environmental Frotection Agency.
Apdditionally, any untamiliar soil sample may offer dangerous
native contents bevond the list of target parameters.

4. Apparatus and Materials

4.1 Samples should be collected in the field in accordance with
the gquality 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, 1S-mL size (4 dram), teflon-lined cap.
4.2.2 Separatory funnel, 12Z5-mL size, Teflon stopcock.
4.2.% Concentrator tube, Huderna—Dani;h, 10-ml size,

graduated, ground glass joint.

4.2.4 Evaporative Flask, kKuderna-Danish, S00-mL size, ground
glass joints.

2.9 Snyder column, kEuderna-Danish, three-ball macro,
Jround glass joint, floodless type.

4.2.6 Snyder column, kKuderna-Danish, two-ball micro, ground
glass Jjoint, floodless type. ’

4,2.7 Screw-cap autosampler vials, 2-mL size, teflon-lined

cap.
4,2.8 OGraduated cvlinder, 100-mL and 10-mlL sizes.
4.2.9 Centrifuge tubes, 30-mlL size.

4.% Centrifuqge, table top model. (Damon/IEC Division,
- IEC HN-5I1 Centrifuge)

e

4.4 PBoiling Chips, 10/30 mesh, heat at 400 =C for I0 minutes
before use to insure freedom from contamination.

4.5 Heated water bath, steam delivery and temperature should
e controllable, caoncentric ring cavers for openings. .

page =
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Folypropylene filtration column, &-mL size, 20-um
polyethylene frit. Stopcock. (J.T.Baker 7121-6 and 7Z241-0)

Analytical Balance, large tare capability desirable.

Gas Chromatographic System, FID, split/splitless capillarvy
injector and pneumatics, digital electronic integrator and
data system for processing chromatographic data.

Fused silica capillary column, S% phenvl 95% methylsilicone
bonded statiaonary phase, 20 meters in length, 0.32 mm inside
diameter, 0.25 um film thickness. A &0O-meter length mav be
purchased and cut into desirable lengths. (DE-S, J%uW
Scientific)

Reagents

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

Methvlene Chloride and n-Hexane, pesticide quality or
egquivalent.

Adcetone, technical grade or equivalent. Faor cleaning
gl assware.

Sodium sultate, granular, anhydrous. Furity by heating
in a shallow tray for four hours at 400 <C.

Silica Gel, 100/7200 mesh. Actiwvated at 200 <C for 1Z hours
in a shallow tray loaosely covered with aluminum foil.

(Figher, 5679 or equivalent)

Sodium Hydroxide solution, 10ON. Dissolve 40 grams NaOH in
reagent water and dilute to 100 ml.

Hydrochloric Acid, concentrated, ACS reagent grade.

Standards

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

.1.1 A lb-component FAH standard with each component at
200C ug/ml navy be purchased fram Supelco: 4-8%05.

&.1.2 An ll-component phenolic acids standard with =ach
component at 2000 ug/mL may be purchased from Supelco: 4-
g8704,



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. I+ the
original compound purity is 93% or better, then the measured
inass should be used without correction to calculate the
amount of solvent for the standard. A graduated 10-mL pipet
imay be used to deliver the solvent. Caution: Disposable
pipets may not offer the accuracy needed here.

6.1.4 A S-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). iMast of the l-component solution just prepared may
e used in place of pure solvent to dissolve the second
weighed component. Similarly, Most of the Z-component
solution just prepared may be used to dissolve the third
weighed component. This procedure is repeated two more times
batore 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.

Working solutions for surrogate spiking, matrix spiking,
instrument calibration, and intermnal standard spiking should
all be prepared in methylene chloride solvent.

bH.2.1 A working standard should be prepared for spiking
surrogates into the sample. The concentrated stocks
mentioned earlier (see 4.1.7) are used to prepare the
surrogate fortification solution.

Surrogate Compound Concentration
2,3-Benzofuran S0 ug/mL
2,4,5-Tribromophenal 100 ug/mL
Terphenyl-d14 S0 ug/mi

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

Matrix Spike Caompound Concentration
Frhenol ' 100 ug/mL
4-Nitrophenol 100 ug/mb
Fentachloropbenol 100 ug/mL
Maphthalene S0 ug/ink
Acenaphthalene S0 ug/mL
Fvrene 30 ug/mlL
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7.3

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).

Instrument Calibration

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

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.

S

target/RII Eq. 1

RRT = R

Relative response'factbrs are calculated as follows:

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

S

target/RII Eq. 3

Relative Response Factor RRF = RF

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.

Page 6
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Analyze each level of calibration standard. For each
compound, tabulate the RRF at each level (see equation 3).

1¥ the RRF over the working range is constant enough (less
than 2S% relative standard deviation), then the midpoint
value may be used for calculations. Alternatively, the
calibration data may be used to construct a calibration cuwve
of rélative response against relative amounts (the relative
amounts in the autosampler vial are the same as relative ’
amounts injected).

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

+ %D = (RRFeatly_RRFintetal) (100)/RRFtN L2 Eq.4
Any percent difference (%LD) greater than 30 for the CCCs v/

requires new initial calibration according to paragraphs 7.4
through 7.3 abaove.

Quality Control

Every laboratory should operate a formal quality control
program. BRefore using this method, laboratory capability
must be demonstrated by analyzing spiked samples. 0Ongoing
perfarmance checks may be accomplished by analyzing matrix
spike (MS) and matrix spike duplicates (MSD) at a frequency
which mneets the needs of gquality assurance project plans.
Method blanks should be extracted with every set of samples.

Sample Extraction

Deliver approximately 10 grams of anhydrous sodium sulfate
into a 15-nL screw—cap vial. Tare the vial and contents
before weighing approximately 1 gram aof soil sample into the
same vial. Record the weight of the sample to the nearest
Q.01 gram.

Mix the soil and drving salt with a spatula until a sandy
Lexture 1s achiaved. Insufficient mixing of the drvinmg salt
with high moisture samples may result in poor extraction
etticirency.

Fortifty the blended sample with 1 aL of the surrogate
tortification solution (see 6.2.1). Note: All samples
including blanks are spiked with surrogates. MS and MzD
aliguots are additionally fortitied with 1 mbL of the matrisx
spiking sclution (see &§.2.%3).
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A&dd additional methylene chloride solvent until a total of
S mL are in the vial. Shake the vial vigorously for ane
minute. '

Fhenolic Acid Cleanup

Add SO mL of blank water to a 125-mbL separatory funnel. Add
10 drops of 10N NaQH. Stopper the tunnel and mix betoare
checking the pH. Use wide range pH paper to insure
adjustment to pH 11-12.

Transfer the methylene chloride extract from step 7.4 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. Transter 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 mb of total solvent is
transferred to the separatory funnel.

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.

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 FAH analysis.

Add approximately S mL of fresh methylene chloride to the
separatory funnel. Gently invert the furmnel 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.

Add approximately 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.

Add approximately 10 grams of NaCl to the separatory funnel
and dissolve by shaking.

Add SO mL of fresh methylene chloride to the funnel and
equilibrate as before (see 10.% above). Drain the lower
phase (the acid fraction) into a Kadurna-Danish (K-D)
evaporative flask equipped with a 10-mL graduated
concentrator tube.

Repeat step 10.8.

Add & couple of boiling chips to the E-D +lask before
attaching a three-ball Snvder column. Frewet the Snvder
U

g
r

"]

&
lJumn by adding about 1 wl of methylene chloride to the top.
ze the H-D apparatus on a hot water bath (60 <20 or warmer)
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10.11

10.12

11.

11.1

11.2

11.3

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 Jjoint into the concentrator tube with 2 to

5 ml of methylene chloride. A 5-ml syringe is recommended
for this operation.

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.

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.

PAH Cleanup

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.

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 successful 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 gram) 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

Page 9
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11.92

stopcock to a disposable 46-mb size filtration column. Four
the slurry into the filtration column with the stopcock open.
Complete the transfer of the silica gel by swirling small
aliguots of methylene chloride in the beaker and pouwring intg
the column. Tap the side of the column several times with a
pencil to settle the bed. . Cap the silica gel with
approximately -1 cm of anhydrous sodium sulfate. (Caution:

Do nmot allow the silica gel medium to become dry.;

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

bed.

Fosition 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 haexane 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 aL of the
effluent are collected. Close the stopcock and discard the

‘@ffluent in the graduated cvlinder.

Frepare new mobile phase by mixing equal volumes of methylene
chloride and hexane. Label the container 30% methylene
chloride in hexane.

Fosition a clean 10-ml graduated concentrator tube to collect
the FAH fraction as it is eluted from the silica gel bed.

Add S0% 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. Turnof+ the stopcock .
and discard the disposable column. Note: The stopcock may
be cleaned and reused.

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

Ad just the hot water bath to &0 =C or warmer. Frime the
Snyder column with approximately 0.5 nL of methylene
chloride. Reqgin the concentration as described in 10.11, but
remove the kE-D from the heat momentarily at an apparent
soglvent volume of 2 ml. Four approximately S mL of methylene
chlioride through the Snyder column, and then resume
concentration at the hot water bath. Caution: The binary
azeotrope formed between methylene chloride and hexane boils
- oa very low temperature. This fimal stage of concentration
1Ll proceed rapidly. Hold the 3nyder column with the +i1nger
ips {do not support the apparatus mechanically). This

4i
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12.1

12.2

12.3

procedure will permit monitoring the temperature 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.

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.

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 vial.

Gas Chromatography

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.

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.

librar

Predicted RT = (RRT Y) (re, sample

8 ) Eq.5
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2.3.2 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.

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.3. compound X) may be calculated using equation 5.

© ™M

(ngxaﬂamnln) (Ar‘eax"""’*') (RRF*)
F’F‘Mx-""pl - = e ——— —_— — - o Eq. 6

(Areaig=emPl®*®) (grams extracted)

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

TABLE 1

LISTING OF INTERNAL STANDARD COMPOUNDS

Internal Standard

-

Internal’

Internal

Internal

Internal

Standard

Standard

Standard

Standard

#3

#4

Compound

1,4-Dichlorobenzene~d4
2-Fluorobiphenyl
n—Hexadecane
2,4,6-Tribromobiphenyl

Ferylene-di12
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TABLE

PEAK LISTING FOR FIGURE 1

RT

Compound (MIN.)
Fhenol 4.594
2=-Chlorophenol 4,690
2,3-Benzofuran (surr.) 4.807
1.8. #1 3.00S
2-Nitrophenol 6.864
2,4-Dimethylphenol 7.133
2,4-Dichlorophenol 7.403
Naphthalene 7.665
4-Chloro-Z—methylphenol 9.198
2,4,6-Trichlorophenol 10.087
I1.8. #2 10,304
Acenaphthylene 11,395
Acenaphthene 11.862
2,4-Dinitrophenol 12.0672
4-Ni trophenol 12.415
Fluorene 13.098
1.8, #3 13,3219

4,5-Dinitro—-2-methylphenol 13.4324
2,4,6-Tribromophenol (surr.) 13.727

Fentachlorophenol 15.121
Fhenanthrene 15.392
Anthracene 15.303.
1.S5. #4 : 18.171 -,
Fluoranthene 18. 322
Fyrene 18.837
Terphenyl-d14 (surr.) 19.434
Eenzo(a)anthracene 21.867
Chrvsene 21.267
Benzo(b) fluoranthene 24.408
Eenza (k) fluoranthene 24.466
Bernzo(a)pyrene 25.077
I.5. #3 25022
Indeno(l1,2,Z~cd)pyrene 27.387
Dibenza(a,h)anthracens 27.475
Benzo{g,h,i)perviene 27.936

* This numerical value does not
concentration nor to amount injected,

Feak
Area

2447934
416738
238624
310573
05774
134451
S26391

272447
291254
1009786
165345
263934
S12076
143587

46517

81307

247175

198174
179468
210783

.- 207789 -

200730

17723=
Y A A ]

194432
177141
174051
157454
40257
192731
1463545

1567356

CALIBRATION STANDARD

100
100

S0
100

100
100
100

30
100
100
100

S0
SO
100
100
SO

100

100

100

100
SO
S0

100
S0
S50

SO

S50
S0
S50
S0
S0
100
SO
S0

S0

necessarily refer to

0.76%
0.990
Q.71a
1.000

2.191
1.287
2.248
0.844
1.754
2.908
1,000

0.940
0.87%9
5.071
2.097
0.270
1.000
I.366

11.008

2.191
0,269
0.453
1.00Q0
0.426
0,432

0O.437

CO.360
0.873
0.560
D.977
1.080
1,000
1.114
1.161
1.08S5

always refars to the
mass of compound dissolved in an undetined volume of solvent.



TABLE 3
LISTING OF CALIBRATION CHECK COMPOUNDS

Fhenolic Acids FAHS

Fhenaol Fluorene
Z2,4,6-Trichlorophenol : Fluoranthene

2,4-Dinitrophenol Benzo(a)pyrene



}
1. Fhenol T 13, Acenaphthene 25. FPyrene
2. Z-Chlorophenal 14. 2,4-Dinitrophenol 26. Terphenyl-dl4
. 1,$~Benzofurén 15, 4-Ni trophenol ‘ 27. Fenzo(a)anthracene
4. 1.9. #1 16. Fluorene 28. Chrysene
5. 2-Nitrophenol 17. 1.5. #3 29. Een:zo(b)fluoranthene
6. 2,4-Dimethylphenol 18, 4,6-Dinitro-2-methylphenol 0. Benzo(k)fluoranthene
7. 2,4-Dichlorophenol 19. 2,4,6-Tribromophenol Z1. Renzo(a)pyrene
8. Naphthalene 20. Fentachlarophenol T2, 1.S5. 45 ‘
%. 4-Chloro-3-methylphenol 21. Fhenanthrene I, Indeno(l,2,3-cd)pyrene
10, 2,4,6-Trichlarophenol 22. Anthracene 34. Dibenzo(a,h)anthracene
11. 1.5, #2 23. 1.S5. #4 35. BRenzo(g,h,i)perylene
12. Acenaphthylene 24. Fluoranthene
1]

”

Figure 1. GC/FID chramatogram of the instrument calibration standard. DE--5 fused silica
capillary column, 24m 2 O0.Z2mm ID, O0.Z5um film. Column Zone: 45 <C for 1 minute, then
10 eC/minute to 300 < and hold. Splitless injection. Split opened at 0.95 minutes.
Injector zones 250 =C. Detector zone: 220 =C. Heliuwn carrier inlet pressure set at

12 psig. Electrometer range set at 10-** amps/mV. Sample: 1.5 uwl. of methylene chloride
containing 150 ng of each internal standard and phenolic acid and containing 75 ng

of each FAH.

RETENTION TIME (MINUTES)
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CASE NARRATIVE
INTRODUCTION

In April 1987, the CHZM HILL Montgomery laboratory preserted
a naw soil screening method for selected polyaromatic
hydrocarbons (FAHs) and phenolic acid compounds. This
document provides a brief narrative of the method development
and testing.

SUMMARY

Friority pollutant FAHs and phenolic acids were the target
compounds. The analytical approach was capillary gas
chromatography with flame ionization detection (GC/FID). The
method was tested with five carefully selected soil samples
from the Moss America site. The five soils cffered varving
amoumts of contamination. For comparisaon, the soils were
analyzed by the new method and by validated methodology

(US EFA, Method 38270 with 3850 extraction)*. Methad IS30 is
axtraction by serial sonifications. Method 3270 is analysis
of sample extracts by capillary gas chromatography with mass
spectrometry (GC/MS).

METHOD DEVELOFMENT

The method develaopment may be divided into four subtasks.

1. Evaluate capillary columns for best resolution of target
parameters.

. 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. '

LNCRS

Subtask 1. Three capillary columns were investigated. All
thre2e are available from J % W Scientific and were O.IZ2 mm
inside diameter with a 0,25 micrometer filmthickness: a DB-
S, a DB-17, and a DB-1701. A twenty—meter length of the DE-3
column offered sufficient resoluticn of the compounds of .
interest with a fast analysis time. The DB-1701 and the
DE-17 were more golar columns and did not offer superiar

performance.

t Offize of Solid Waste and Eimergency Response,
SW-8446, Test Methaods +tor Evaluating Sclid Waste, Thirdg
Edition, November 1786.



L
ST TRgubtask 2. Five internal standards were selected to monitor

the quality of each inljecticn. The compounds of interest
zaver such a large boiling range that multiple internal
standards were required. For the alert analyst, multiple
internal standards also reduce the arrors associated with
compound coelution. If the primary internal standard appears
to suffer from caoelution, then an alternate intermal standard
may be used for the calculation. Three surrogates were »
selected to monitor the gQuality of each sample preparation
and analysis. Two surrogates were chosen for the FAH
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 FAHs were injected at
100, 73, S0, 25, 10, and 3 ug/mL far RRF #1, ...RRF #&
respectively. Similar repartitions were injected for the
phenalic acids except that concentrations were doubled.
Notice that two compounds (2,4-Dinitrophenol and Z-methyl-
4,6-dinitrophenol) failed the initial calibration criteria
prescribed by the method. However, by droping the lowest
lavel calibration point, these two compounds will have
acceptable values for ZRSD (see table 2). Typical Z-level

-

calibration is illustrated in table 2.

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)*. No significant
modifications were prescribed for this acid cleanup.

Several commercially available extraction columns were tested
for use in the PAH cleanup praocedure. The largest column
size available was only a 1—-gram bed. Silica éel, Alumina,
and Fhenyl columns were tested. Both capacity and activity
were determined to be low for the needs of this cleanup
design. A 2.5-gram bed of silica gel packed as a slurry into
into a disposable filtration column at the laboratory
fulfilled the needs of the FAH 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 af 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
ware anlavzed by GC/MS withaut applying cleanup procedures.
Without cleanup, most sample extracts damaged the
chraomatographic systems. : Co

page -



TABLE 1
GC/F 1D INITIAL CALIBRATION APRIL B, 1987

COMPOUMD MEAN RRF 7ZRSD RRF sl RRF 82 RRF %3 RRF #4 RRF #5 REF #5
PHENUL 0.8066 7.9 0. 7606 0.7610 0.7690 0.7838 0.8451 0.9203
2-CHLOROPHENOL 1.0292 6.6 0.9788 0.9817 0.9897 1.0048 1.0712 1.1487
2, 3-BENZOFURAN SURR. 0.7368 5.0 0.7115 0.7142 0.70398 0.7326 0.7623 0.8022
1.5, ) 1.0000 0.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
-2-M1 TROPHEMNOL 2.37688 14. 4 2.1105 2.1191 2.1912 2.2902 2.5753 2.9867
2, 4-DIMETHYLPHENOL 1.3421 8.0 1.28€0 1.2721 1.2871 1.2824 1.3798 1.5451
2, 4-DICHLDOROPHENOL 2.3597 8.8 2.2224 2.2080 2.2479 2.2828 2.4564 2.7389
NAPHTHALENE 0.873? 2.8 0.8626 0.8575 0.8636 0.8533 0.8879 0.9171
4-CL-3~-ME PHENOL 1.8741 12,1 1.6904 1.7129 1.7542 1.8260 1.9760 2.2851
2,4,6-TRICL PHENOL 3.1244 11.7 2.87684 2.8432 2.9080 3.0297 3.2935 3.7938
[.S. =2 1.0000 0.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
RCENRPHTHYLENE 0.9765 6.3 0.9472 .9293 0.3398 0.9530 0.9959 1.0340
ACENRPHTHENE 0.909?7 5.4 0.8914 0.8748 0.8791 0.8860 0.9225 1.0043
2,4-DINITROPHENOL 6.3542 27.2 S.1632 5.2463 5.0713 6.4458 6.5936 9.6050
4-MNI TROPHENOL 3.5270 15.6 3.0999 3.2703 3.0970 3.6843 3.4563 4.5542
FLUDRENE 1.0373 10.2 0.95643 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-ME-4,6-DINO PHENOL 4.3256 24.0 3.5225 3.6663 3.5663 4.4320 4.4174 6.3490
TBP-SURR. 12.6944 18.7 10.4318 11.1604 11.0084 13.2603 13.5139 16.7915
PENTARCHL OROPHENOL 2.4137 10.9 2.6330 2.2545 2.1911 2.1712 2.4171 2.81581
PHENANTHRENE 0.3786 4.5 0.3937 0.3707 0.3690 0.3542 0.3843 0.3999
ANTHRACENE 0.4584 5.1 0. 4692 0.4356 0.4529 0.4334 0.4632 0.49c0
[.S5. u4 1.0000 0.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
FLUDRANTHENE 0.4472 6.6 0.4639 P.4429 0. 4257 0. 4265 0.4235 0. 4988
PYRENE 0.461S 6.v 0.4719 0.4513 0.4319 0. 4461 0. 4495 0.5185
TERPHENYL~-d14 SURR. 0.4944 9.9 0.4770 0.4790 0.4470 0.4733 0.5020 0.5875
BEN2O(A>ANTHRACENE 0.9627 3.4 0.9289 0.9267 0.9600 0.9641 1.0102 0.98c6
CHRYSENE 0.8882 3.0 0.8708 0.6591 0.8750 0.8820 0.9180 0.9243
BENZO(B)FLUORRNTHENE 1.0004 7.8 0.9441 0.9373 0.9604 0.9676 1.0620 1.1307
BENZO(K)FLUORANTHENE 1.0026 4.0 0.9785 0.9783 0.9775 0.9975 1.0035 1.0806
BENZOC(R)PYRENE 1.1437 10.9 1.0682 1.0684 1.0805 1.0972 1.1593 1.3886
[.S. 8S 1.0000 0.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
INDENO(C123-CD>PYRENE 1.1857 11.2 1.0482 1.1090 1.1139 1.1736 1.2520 1.4174
DIBENZOCAH>ANTHRA. 1.2575 11.2 1.2241 1.1535 1.1609 1.1902 1.2088 1.5278
BENZO(GHI >PERYLENE 1.1513 8.4 1.0859 1.0898 1.0853 1.1340 1.1794 1.33



TABLE 2
GLC/F10 INITIAL CALIBRATJON APRIL 8, 1987

. § -
COMPOUND MEAN RRF ZRSD RRF %1 RRF 2 RRF a3 RRF u4 RRF 5 RRF. 36
[DEUTRINFTIN C
PHENOL. 0. 8066 ?2.9 0.7606 0.7610 0.7630 0.7838 0.8451 0.9203 .,
2~-CHLOROPHENOL 1.0292 6.6 0.9768 0.9817 0.9897 1.0048 1.0712 1.1487
2,3-BENZOFURRN SURR. 0.7388 5.0 0.7115 0.7142 0.7098 0.7326 0.7623 0.8022
1.S. wl 1.0000 . 0.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000.
2-N1TROPHENOL 2.3708 14.4 2.1105 2.1191 2.1912 2.2902 2.5753 2.9867
2, 4-0IMETHYLPHENOL 1.3421 8.0 1.2860 1.2721 1.2871 1.2824 1.3798° 1.5451
2, 4-DICHLOROPHENOL. 2.3997 . 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-3-ME PHENOL 1.6874] 12.1 1.6904 1.7129 1.7542 1.8260 1.9760 2.2851
2,4,6-TRICL PHENOL 3.1244 11.7 2.8764 2.8432 2.9080 3.0297 3.2935 3.7938
1.5, #2 1.0000 .0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
ACENRPHTHYLENE 0.9765 6.3 0.9472 0.9293 0.9398 0.9530 0.9959 1.0940
RCENAPHTHENE - 0.9097?7 S.4 0.6914 0.8748 0.8791 0.68860 0.9225 1.0043
2, 4-DINITROPHENOL 5.7040 13.1 5.1632 5.2463 5.0713 6.4458 6.5936
4-N1TROPHENOL 3.5270 15.6 3.0999 3.2703 3.0970 3.6843 3.4563 4.5542
FLUORENE 1.0373 10.2 0.9643 0.9662 0.9701 1.0231 1.060?7 1.2394
1.5. 3 1.0000 0.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
2-ME-4,6~DINO PHENOL 3.9209 11.8 3.8225 3.6663 3.5663 4.4320 4.4174 i
TBP-SURR. 12.6944 18.7 10.4318 11.1604 11.0084 13.2603 13.5139 16.7915
PENTACHL OROPHENOL 2.4137 10.9 2.6330 2.2545 2.1911. 2.1712 2.4171 2.8151
PHENANTHRENE 0.3786 4.5 0.3937 0.3707 0.3690 0.3542 0.3843 0.3999
ANTHRACENE 0.45684 S.1 0.4692 0.4356 0.4529 0.4334 0.4632 0.4960
1.5, u4 1.0000 0.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
FLUORANTHENE 0.4472 6.6 0.4639 0.4429 0. 4257 0. 4285 0.4235 0.4988
PYRENE 0.4615 6.v 0.4719 0.4513 0.4319 0. 4461 0.4495 0.5185%
TERPHENYL~d14 SURR. 0.4%44 9.9 0.4778 0.47%0 0.4470 0.4733 0.5020 0.5875
BENZOC(R)ANTHRACENE 0.9627 3.4 0.9289 0.9267 0.9600 0.9641 1.0102 0.9866
CHRYSENE 0.88682 3.0 0.8708 0.6591 0.8750 0.8820 0.9180 0.9243
BENZO(B)FLUORANTHENE 1.0004 7.8 0.9441 v 0.9373 0.9604 0.9676 1.0620 1.1307
BENZ0(K)FLUDRRNTHENE 1.0026 4.0 0. 9785 0.9703 0.97?S 0.9975 1.0035 1.0806
BENZOCR)PYRENE 1.1437 10.9 1.0682 1.06604 1.0805 1.0972 1.1593 1.3886
1.5. 85 1.0000 0.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
INDENO(123-C0)PYRENE 1.1857 11.2 1.0482 1.1090 1.1139 1.1736 1.2520 1.4174
DIBENZOCAHIANTHRA. 1.257S 11.2 1.2241 1.1535 1.1609 1.1902 1.208068 1.5278
8.4 1.1794 1.3336

BENZO(GHI )PERYLENE 1.1513 1.0859 1.0898 1.0853 1.1340



TABLE 3
GC/F1D INITIAL CALIBRATION APRIL B, 1987

COMPOUND MEAN RRF ZRSD  RRF 81  RRF #2 RRF #3  RRF %4  RRF 85  RRF 16
PHENOL 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 0.7115 0.7098 0.7623
1.5, 8l 1.0000 0.0  1.0000 1.0000 1.0000
2-N1TROPHENOL 2.2923 10.8  2.1105 2.1912 2.5753
2, 4-DIMETHYLPHENGL 1.3176 4.1  1.2860 1.2671 1.3798
2, 4-DICHLOROPHENGL 2.3096 5.6  2.2224 2.2479 2.4584
NAPHTHALENE . 0.8713 1.6  0.8626 0.8636 0.8879
4-CL-3-ME PHENOL 1.8069 8.3  1.5904 1.7542 1.9760
2,4,6-TRICL PHENOL . 3.0266 7.7  2.8784 2.9080 3.2935
1.S. #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  0.8914 0.8791 0.9225
2, 4-DINITROPHENOL 5. 6094 15.2  5.1632 5.0713 6.5936
4-NI1TROPHENOL : 3.2177 6.4  3.0939 3.0970 3. 4563
FLLUORENE 0.9984 5.4  0.9543 0.9701 1.0607
1.S. @3 1.0000 0.0  1.0000 1.0000 1.0000
2-ME-4,6-DING PHENOL  3.8354 13.2  3.5225 3.5663 4.4174
TBP-SURR. 11.6514 14.1 10.4318 11.0084 13.5139
PENTACHL OROPHEMOL 2.4137 9.2  2.6330 2.1911 2.4171
PHENANTHRENE 0.3823 3.3 0.3937 0.3630 0.3843
ANTHRACENE 0.4618 1.8 0.4692 0.4529 0.4632
1.S. w4 1.0000 0.0  1.0000 1.0000 1.0000
FLLUDRANTHENE 0.4377 5.2  0.4639 0.4257 0.4235
PYRENE 0.4511 44  0.4719 0.4319 0. 4495
“TERPHENYL-d14 SURR. 0.4756 5.8  0.4778 0.4470 0.5020
BENZO(R)ANTHRACENE 0.9664 4.2  0.9289 0. 9600 1.0102
CHRYSENE 0.8879 2.9  0.8708 0.8750 0.9180
BENZO(B)FLUGRANTHENE ~ 0.9888 6.5  0.9441 0.9604 1.0620
BENZOCK)FLUDRANTHENE ~ 0.9865 1.5  0.97685 . 0.9775 1.0035
BENZOCA)PYRENE 1.1026 4.5  1.0682 1.0805 1.1593
1.S. ®5 1.0000 0.0  1.0000 1.0000 1.0000
INDENO(123-CD)PYRENE  1.1380 9.1  1.0482 1.1139 1.2520
DIBENZOCARHIANTHRA. 1.2246 5.2 1.2241 . 1.1609 1.208688
BEENZOCGHI ) PERYLENE 1.1169 4.8 1.0859 1.0853 1.1794



ANALYTICAL REPOQRT
FAH/PHENOLS by GC/FID

Client: CH2M HILL/GLO
Sample Identification: Laboratory Method Blank

Lab No: 04087BS! Date Extracted: 04/08/87

Date Received: N/A Dite Analyzed: (4/09/87

DT T T T T T T T T T T U CONCENTRATIONY T T T T T T T T T T CONCENTRAT TON
! FAH COMPOUNDS ' (PPM) H PRENGLIC ACID COMPOUNDS : (FFM) '
¢ Naphthalene : < 1 i Phenol . ' < Z :
i Acenaphthylene : < t i 2-Chloroaphenol : < 2 '
! Acenaphthene ' 0.9 i 2-Nitrophenol : ¢ 2 '
{ Fluorane : < | i 2,4-Disethylphenol J £ z

' Phenanthrene : 0.3 i 2,4-Dichlorophenol ' < 2

! Anthracene . : 0.4 ! 4-Chloro-3-methylphenol ! < -2

i Fluoranthene : 0.2 i 2,4,6-Trichlorophencl H < -2 :
! Pyrene ' 0.2 i 2,4-Dinitrophencl H < ) !
\ Benzo(a)anthracene ' { 1 i 4-Nitrophenol ] < S '
y Chrysene : < 1 i 4,6-Dinitro-2-emethylphenol H < S '
i Benzo(bd)fluoranthene : < 1 i Pentaehlorophenaol : 5 ;
i Benzo(k)fluoranthene ' 0.5 : { :
i Benzo(a)pyrene ] ' 4 1 : ' ;
i Indeno(!,2,3-cd)pyrene ! { 1 ! ' :
+ Dibenzola,h)anthracene H £ 1 : : '
i Benzoig,h,i)perylene ; < 1 1 ' !
i SURROGATE RECOVERIES 1 SURROGATE RECOVERY

' 2,3-Benzofuran = 64 ¥ : 2,4,6-Tribromophenal = 32 Y
! Terphenyl-di8 = 82 % H :
Comments: _ '

Tur

Reviewed by:




ANALY TICAL
PARH/PHENOLS by GC/FID

REFOFRT

CH2M HILL/GLO

Client: .
Sample Identification: Soil - Moss American, Sample 1, Grab, 2/1/87, 1030

Lab No: Sam ! Date Extracted: 04/08/87

Date Received: 02/10/87 Date Analyzed: 04/09/87

! CONCENTRATION! T T T T TUCONCENTRATIN
: PAH COMPOUNDS : {PPM) ! PHENOLIC ACID COMPOUNDS ' (PPH

: Naphthalene ' < 1 + Phenal : 4 . '
i Acenaphthylene : < 1 ¢ 2-Chlorophenol : { 2 :
¢ Acenaphthene : 0.8 i 2-Nitrophenol : < 2 '
i Fluorene : < 1 i 2,4-Dimethylphenol : < 2 '
} Phenanthrene : 0.3 i 2,4-Dichlorophenol | : < 2 ;
| Anthracene ! 0.3 i 4-Chloro-3-methylphenol : < .2

+ Fluoranthene : < 1 i 2,4,6-Trichlorophenol : ¢ 2 ]
! Pyrene : < 1 i 2,4-Dinitrophenol : < 5 i
i Benzofa)anthracene ' § 1 i 4-Nitrophenol : < 3 '
i Chrysene : 4 1 \ 4,54-Dinitro-2-methylphenol ' 4 S '
! Benzot(b)fluoranthene- { < 1 i Pentachlorophenol ] 4 3 :
i Benzo(k)fluoranthene : 0.4 ! ' :
1 Benzo(a)pyrene : < 1 : ‘ '
! Indeno(!,2,3-cd)pyrene ; < { H : '
1 Dibenzo(a,h)anthracene : < 1 : : '
1 Benzo(g,h,i)perylene : < 1 : : '
v SURROGATE RECOVERIES { SURROBATE RECOVERY '
! 2,3-Benzofuran = 48 1% ! 2,4,6-Tribromophenol = 47 7
' Terphenyl-di4. = 87 % :

Comaents: ot

Reviewed by:




H A T R I X S P 1 K E R E S UL T S

Laﬁoratorg No.: S5IPAH-S.HK1 Fraction: PAH by GC/FID , Matrix: Soil

Samplez Oescription: Matrix spike and matrix spike duplicate into soil sample lileled
Moss American, Sample 1, Grab, 2/1,/87, 1030.

Spike Duplicate
Concentration Sample Spike Percent Duplicate Spike Percent ,

Compound Spiked (PPB) Result (PPB> Result (PPB) Recovery Result (PPB) Recovery RPD
NAPHTHALENE 30 0 21 70 22 73 5
RCENAPHTHYLENE 30 0 23 77 23 ?? 0
RCENAPHTHENE 30 0.8 23 74 25 81 8
FLUORENE 30 0 23 7? 22 73 4
PHENANTHRENE 30 0.3 24 79 23 76 4
RANTHRACENE 30 0.3 27 63 25 B2 g
FLUORANTHENE 30 0 23 77 22 73 4
PYRENE 30 0 23 77 23 77 0
BENZIJCAYANTHRACENE 30 0 24 80 24 A0 ¥}
CHRYSENE 30 0 24 a0 23 .7 4
BENZO(B)>FLUORANTHENE 30 0 23 77 23 Ie4 0
BENZO(K)FLUORANTHENE 30 0.4 23 75 22 72 4
BENZO(R)PYRENE 30 o 23 7? 23 7 0
INDENOC123-CD>PYRENE 30 o 23 . 7? 23 77 0
DIBENZOCAH)ANTHRA. 30 0 22 73 20 67 10
BENZO(GHI )PERYLENE 30 0 22 73 21 70 5
2,3-BENZOFURAN 30 = 19 63 20 67 S
TERPHENYL-d14 » 30 - 22 7’3 22 73 0

*  Surrogate

Spike Result - Sample Result = 100
Percent Recovery = =——=--——-==—===-—=-
Concentration Spiked

Spike Result - Duplicate Spike Result » 200
RPl =  ———-m—mm—mmm e e
" Spike Result + Duplicate Spike Result

Cooment 5:

CHZ2M HILI
ENVIRONMENTRAL L



M ATRIX S P I KE RESULTS ar %.
‘e . ) 'y

| 5

Latoratory No.: SIAC-S.WK1 Fraction: Phenolic Acids by GC/FID Matrix: Soil

Sample Description: Matrix spike and matrix spike duplicate into soil sample labeled
Moss Rmerican, Sample 1, Grab, 2/1/87, 1030.

Spike Duplicate

Concentration Sample Spike Percent Duplicate Spike Percent
Compound Spiked (PPB) Result (PPB) Result (PPB) Recovery Result (PPB) Recovery RPD
PHENOL - 60 0 48 80 49 82 2
2-CHLOROPHENOL 60 0 49 82 40 ao 2
2-NITROPHENOL 60 o 52 e? 49 82 6
2, 4-DIMETHYLPHENOL 60 o 47 78 44 73 7
2, 4-DICHLOROPHENOL ., 60 0 51 85 49 ee 4
4-CL-3-ME PHENOL _ 60 0 51 8s SO 83 2
2,4,6-TRICL PHENOL 60 0 S1 e8s SO 83 2
2, 4-DINITROPHENOL 60 0 2?7 45 33 55 20
4-NITROPHENOL 60 o 29 48 42 70 37
2-ME-4,6-0DINO PHENOL 60 0 38 63 45 7S 17
PENTACHLOROPHENOL 60 0 56 93 55 a2 2
2,4,5-TRIBROMOPHENOL x 60 ~—- 43 72 45 75 S

e e e - ———— - o - —

% Suw-rogate
Spike Result - Sample Result = 100
Percent Recovery =
Concentration Spiked

Spike Result - Duplicate Spike Result x 200

Spike Result + Duplicate Spike Result

Comment

CHZ2M HIL
CHUTONNMENTAL |



- e , e
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—— : ANALY TICAL REFORT

"PAH/FHENOLS by GC/FID

Client: CHZIM HILL/GLO

Sample Identification: Soil - Moss American, Sample S5, Grab, 2:1/87, 1130

Lab Nog: Sam S Date Extracted: ©4/08/87

Date Received: 02/10/87 Date Analyzed: 04/09/87
LT T T T T T T T CONCENTRATIONT T T T T T T T G ONCENTRATION,
! FAH COMPOUNDS ' (PPM) : FHENOLIC ACID COMPOUNDS ' (FFM) ‘
i Naphthalene H 0.2 ¢ Phenol i < 2 .
i Acenaphthylene , 0.2 i 2-Chlorophenol ' < 2 i
¢ Acenaphthene : 1.9 i 2-Nitrophenol \ < 2 :
i Fluorene ' { 1 i 2,4-Dimethylphenol H < 2 H
i Phenanthrene : 1.1 i 2,4-Dichlaoraophenal : < . ]
! Anthracene ' 0.5 ! 4-Chloro-3-methylphenol ! <« 2 :
i Fluoranthene : 1.8 } 2,4,6-Trichlorophenol ' < 2 i
i Pyrene i 1.7 i 2,4-Dinitrophenol : < S '
! Benzola)anthracene : 2.0 1 4-Nitrophenaol ' < S - '
i Chrysene : 1.6 i 4,5-Dinitro-2-methylphencl ' < S '
! Benzo(b)fluoranthene : 2.3 i Pentachlorophenol ' ¢ S '
i Benzotk)fluoranthene ' 1.3 : ' '
+ Benzol(alpyrene : 2.1 : ' :
! Indeno(1,2,3-cd)pyrene : 1.7 : ! '
! Dibenzota,h)anthracene J C.6 1 ! :
! Benzo(g,h,i)perylene ' 1.9 : J !

SURROGATE RECOVERIES i SURROGATE RECOVERY

2,3-Benzofuran = 48 7% ! 2,3,6-Tribromophenal = 36 %
Terphenyl-d14 = 70 % ] :

Ccmments: PAH and- Phenol fractions were analvzed separataly.

Reviewed by:




ANALYTICAL REPORT
PAH/PHENQLS by GC/FID

Client: CHZM HILL/GLO .
Sample Identification: Soil - Moss American, Saaple 13, Grab, 2/1/87, 1400 - B

: Tarphenyl-di4 = 70 1

Lab No: S3am 15 Date Extracted: 04/08/87

Date Received: 02/10/87 ' Date Analyzed: 04/09/87

: ' ' CONCENTRATION! T T T T T T TICONCENTRATION
] PAH COMPOUNDS. : (PPM) ! PHENOLIC ACID COMPOUNDS ' (PPH)

+ Naphthalene ] 0.4 i Phenol ] 4 2 !
' Acenaphthvlena ! < { i 2-Chlorophenol : < 2 i
i Acenaphthene ; 1.5 i 2-Nitrophenoal ! < 2 i
i Fluorene ' 0.2 i 2,4-Dimethylphenol H < 2 !
\ Phenanthrene ' 2.9 i 2,4-Dichloropheno!l : 4 2

i Anthracene ' 1.2 i 4-Chloro-3-methylpheanol H < 2

i Fluoranthene : 3.9 1 2,4,6-Trichlorapheno! : ¢ 2 '
i Pyrene : 3.2 i 2,4-Dinitrophencl : < S !
i Benzo(alanthracene ! 3.6 i 4-Nitrophenol : < 3 :
! Chrvsene . : 1.9 ' 4,6-Dinitro-2-methylphenol ' < S ,
+ Benzo(b)fluaranthene | 6.0 i Pentachlorophenol ' { S !
v Benzo(k)fluoranthene ] 2.4 ' '

. Benza(a)pyrene ! 6.2 ! ! ;
i ladeno(!,2,3-cdlpyrene ' 3.4 ' H ;
! Dibenzo(a,h)anthracene H 2.1 : : '
i Benzol(g,h,1)perylene ! 4.1 ' ! -

' SURROBATE RECOVERIES i SURROGATE RECOVERY :
] . \

' 2,3-Benzofuran = 63 X ' 2,4,6-Tribromophenol = 4% 7

- - D W W D D P WD D W DD U D WD WP WD WD WP D W U D D AR T A A WD D R e D T D R P A D AR D A D D D AP ) D GP L D D L R WD P W W T AR D D D D R WD D W AR A W = = -

Commets: PAH aﬁq;Phenol fractions were analyzed separately.
:ofa.

S

Reviewed by:




[CHMHILL
R

Cl:ent: CHZM HILL/GLO

ANAL YT T CARL
PAH/FHZINOLS by GC/FID

REPOFRT

Samcle identification: Soil - Moss American, Sampie 7, Grab,- 2/1/87, 1430

Lab No: Sam (7 Date Extracted: 04/08/87

Date Received: 02/710/87 Date Analyzed: 04/09/87

i {CONCENTRATION! ) T TTICONCENTRATIAY

PAH COMROUNDS ' (PFM) ' PHENQLIC ACID COMPOUNDS : (PEXK)
Naphthalane ' 1.0 ¢« Phenol ' < 2
Acenaphthyleana RN t + 2-Chloraophencl : { 2
Acenaphthene ' ¢.8 ! 2-Nitrophenol ! < 2
Fluarene 1 0.2 i 2,4-0imethylphenal ! < -
Phenanthrane ' 4,5 ! 2,4-Dichlorophenal ! < ’
Anthracane ' 1.3 ¢ 4-Chloro-3-methylphenol d < é
Fluoranthene ' 10 ' 2,4,6-Trichlorophenol ' < 2
Pyrene ' 22 v 2,4-Dinitrophenol ! < 5
Benzota)anthracene ' 8.0 \ 4-Nitrophenaol ' < 3
Chrysene ' 7.4 i 4,6-0initro-2-aethylphenol ' < ]
Benzoib)+luaranthene ' 16 ! Pentachlorophenal ] ¢ 3
Benzolk)fluaranthene ' 3.0 H '
Benzo(alpyrene ] 9.4 : v
[ndenail,2,3-cd)pvrene ' 5.7 ' 1-
‘Dibenzoia,h)anthracene ' 3.4 ! :
genzo(g,h,iloerylene ! 9.3 4 ]
SURROGATE RECOVERIES { SURROGATE RECOVERY
2,3-Benzofuran = 70 % ! 2,4,6-Tribrosophencl = 353 %
Terphenyl-di14 = 72 % !

Comments:

Reviewed by:

PAH and_Phenol fractions were analyzed separately.




CAL REPORT

Ciient: CH2M HILL/GLO o
Sample Identificatian: Laboratary Method Blank

Lab Na: 124087852 Date Extracted: 04/08/87

Date Receivad: N/A Date Analyzed: 04/09/87

: 'CONCENTRATION! T T TTICONCENTRATION:
! PAM CJMPOUNDS | (PPM) : PHENGLIC ACID COMPOUNDS ' {(PFM) '
+ Naphthalene ' < 1 i Phenol ' < 2 !
+ Acenaphthylene : < 1 i 2-Chlorophenol : ¢ 2 :
! Acenaphthene ' 0.9 i 2-Nitrophenal ' < 2 '
! Fluorene ' 4 { i 2,4-Dim@thylphenol ! < 2 !
i Phenanthrene ' 0.9 i 2,4-Dichlorophenol : < 2

¢ Anthracene i 0.4 i 4-Chloro-3-methyiphenacl ! < 2

' Fluoranthene ! 0.2 i 2,4,6-Trichlorophenal ' < 2 .
\ Pyrene . ' 0.2 i 2,8-Dinitrophencl H < 3 !
1 Benzofalanthracene ' < 1 i 4-Nitrophenol : ¢ 3

+ Chrysene ' 4 l i 4,6-Dinitro-2-methylphenol H < ] '
. Benzo(b)fluoranthene ' £ 1 i Pentachlorophenal ! 4 S '
\ Benza(k)fluoranthene ' 2.5 ' ' '
\ Ber:ola)pyrene : < { ' ] '
¢ [ndeno(l1.2,3-cdlpyrene : < { : ' '
i Divenzoia,h)antnracene ' < 1 ! ' :
\ Benzolg,h,i)perylene : < { ' : :
} SURRGGATE RECOVERIES SURROBATE RECOVERY :
' = 40 % '

2,3-Benzofuran = 59 % A 2,4,6-Tribroasopheno!
Terphenyl-di4 = 70 % '

Zimments: No cleinup procedures wera applied to this sample.

Reviewed by:



Cliant: CH2M HILL/GLO
Sample Identification:

Lab No: 02187BS1
Date Received: N/A

ANALYTICAL RE2QRT
PAH/PHENOLS By GLC/FID
Laboratary Method Blank

Date Extracted: 02/18/87
Date Analyzed: 03/07/87

- - - - - - D W T D P D = D D W W M D WD N P D D D W S D D D W s D D AR AP D A W W > W D D W T W M > G A S b D W W = D B e o

Comments:

Napghthalene
Acanaphthylene
Acenaphthene

Fluarene

Phenanthrene
Anthracene
Flugranthene:

Pyrene
Benza(a)anthracene
Chrysene
Ben'o(b)fluoranthene
Benza(k) fluoranthene
Benza(a)pyrene
Indena(l,2,3~-cd)pyrene
Dibenza(a,h)anthracene
-Benzo(g,h,ilperylene

SURRQGATE RECOVERIES

SURROGATE RECOVERY

2,4,56-Tribrosophenaol = 49 %

Terphenyl-dl4 = 353 %

2,3-Benzofuran = 76 7 H

No clciﬂdﬁ proccdurcs were apolied ta this sample.

v
Reviewed by: __9:.5..’.‘:‘&# .........

{CONCENTRATION! : {CONCENTRATIC
] (PPM) ' PHENQLIC ACID COMPOUNDS : (PPM)
! { 1 i\ Phenol ' < 2
1 < t i 2-Chloraphenol H < 2
: 1.6 i 2-Nitrophenaol ' < 2
: < l ! 2,4-Dimethylphenol ' ¢ 2
' < 1 v 2,4-Dichlorophenol ! < 42
oo ! 4=Chlora-3-methylphenol o2
! < 1 i 2,4,6-Trichloraphenol ! <2
oL ! 2,4-Dinitrophenol .
: < { i 4-Nitrophenol ) : < S
! < { i 4,6-Dinitro-2-methylphenol { { S
: < 1 . Pentachlorophenot \ < 3
1 < { ' i

: < 1 ] d

: ¢ { ] :

; < 1 ‘ g

: < t H 1



ANALYTICAL REPORT
PAH/PHENOLS by GC/FID

Client: CHZM HILL/GLO )
Sample [dentification: Soil - Moss American, Sample !, Grab, 2/1/87, 1030

Lab No: Sam ! Date Extracted: 04/08/87

Date Received: 02/10/87 Date Analyzed: 04/09/87

! [ CONCENTRATION] ICONCENTRATIING
! PAH COMPOUNDS ' (PPM) ! PHENOLIC ACID COMPOUNDS ' (PFR)

i Naphthalene Vo« 1 ' Phenol A :
! Acenaphthylene ! < i i 2-Chlorophencl ! < 2 . '
i Acenaphthene i 0.6 ¢ 2-Nitrophenol ] < 2 :
' Fluorene : { { i 2,4-Dimethylphenol ! < 2 '
i Phenanthrene : 0.6 1 2,4-Dichliorophenci : ¢ 12

i Anthracene ' 4 1 i 4-Chloro-3-methylphenol : < 2

i Fluoranthene ! < 1 i 2,4,6-Trichlorophenal ! < 2 :
i Pyrene : 4 { i 2,4-Dinitrophencl ' 2 :
i Benzofa)anthracene ! < 1 i 4-Nitrophenol : < 3 '
i Chrysane . £ { ' 4,4-0initro-2-sethylphenol I b '
' Benzo(b)fluaranthene : 5 1 . Pentachlorophenol ' pl X
! Benzolk)fluoranthene ! < 1 ! ' ,
. Benzo(alpyrane : ¢ 1 ' ' .
i Indenot(l,2,3-cd)pyrene : < { ' ' ‘
: Dibenzo(a,h)anthracene , < 1 i ' ;
. Benzoftg,h,iiperylene : < { ' : '
\ SURROGATE RECOVERIES ! SURRGCGATE RECOVERY

! 2,3-Benzofuran = 48 X ' 2,4,6-Tribromophenol = SC ¥ :
' Terphenyl-dl4 = 0. % ] : :

Comments: No cleanup procedures were applied to this saaple.
AN G T e

Reviewed by:'



M A TRIX SPIEKE RESULTS Cah Y

. '.:‘f’
Laboratory No.: SIP-WD-S.WKI Fraction: PAH by GC/FID Matrix: Soil el

Sample Description: Matrix spike and matrix spike duplicate into soil sample labeled
Moss Rserican, Sample 1, Grab, 271,87, 1030.

- Spike _ ' Ouplicate
Cancentration Sample Spike Percent DBuplicate Spike Percent

Compound Spikod PPB) Result (PPB) Result (PPB) Recovery Result (PPB) 'Recovery RPO
NAPHTHALENE © 30 o 22 73 2s . @3
ACENAPHTHYLENE 30 (1] 23 rd4 27 90
ACENAPHTHENE 30 0.6 23 79 2?7 a8
FLUORENE 30 (1} 22 73 27 90
PHENANTHRENE 30 0.6 25 81 28 g1
ANTHRACENE 30 0 26 87 29 97 il
FLUCRANTHENE 30 0 20 67 24 . 80 18
PYRENE 30 0 .19 63 24 80 23
BENZOCA)ANTHRACENE 30 0 22 73 27 90 20
CHRYSENE a0 0 22 73 27 . 30 20
BENZO(B)FILUDRRNTHENE 30 1] 22 73 26 87 1?7
BENZOCK)FLUORANTHENE 30 0 21 70 25 83 1?7
BENZOCR)PYRENE 30 0 23 rd4 26 87 12
INDENOC 123-CD)PYRENE 30 (1] 22 73 26 az 1?7
-DIBENZO (RHYRANTHRA. 30 0 21 70 25 a3 17
BENZO(GHI Y)PERYLENE 30 1] 21 70 25 a3 17
2, 3-BENZOFURAN 30 —- 21 70 24 a0 13 @
TERPHENYL -d14 = o

-—- 18 60 23 77 24

-—— ——

%  Swrrogate

Spike Result - Sample Result x 100
Percent Recovery = -—- : -
’ Concentration Spiked

Spike Result - Duplicate Spike Result »x 200
RPD = ——omemrrm—mmmm e ———————————

Spike Result + Duplicate Spike Result
Comments: No cleanup procedures were applied tv thius sample.

CH2ZM HIL
{ 1V IRONMENTRAL Y



M ATRIX SPI1IKE RESULTS S

Laboratory No.: SIP-W0-S.WKl1 Fraction: PAH by GC/FID Matrix: Soil Rt

Sample Oescription: Matrix spike and smatrix spike duplicate into soil sample labeled
Moss RAmerican, Sample 1, Grab, 271,87, 1030.

. . Spike Duplicate
Concentration Sample Spike Percent Ouplicate Spike Percent
Compound Spiked (PPB)  Result (PPB) Result (PPB) Recovery Result (PPB) Recovery RPD
NAPHTHALENE © 30 0 22 73 25 a3 13
ACENAPHTHYLENE 30 0 23 ?? 2?7 30 16
ACENAPHTHENE a0 0.6 23 7?5 2?7 :3) 16
FLUORENE 30 0 22 7?3 27 30 20
PHENANTHRENE 30 0.6 25 : 2]} 20 91 11
ANTHRACENE 30 0 26 87 29 97 1t
FLUORANTHENE 30 0 20 6?7 24 80 18
PYRENE 30 0 19 63 24 80 23
BENZOCA)ANTHRACENE 30 0 22 73 2?7 90 20
CHRYSENE 30 0 22 73 27 90 20
BENZO(B)FLUORANTHENE 30 0 22 73 26 as 17
BENZOC(K ) )FLUORANTHENE 30 0 21 70 25 83 1?7
BENZOCRA)PYRENE 30 0 23 77 26 a7z 12
INDENDC 123-CD)PYRENE 30 o 22 73 26 a7 17
OIBENZO (RHYANTHRA. 30 0 21 70 25 83 17
BENZO(GHI YPERYLENE 30 0 21 70 25 a3 17
2, 3-BENZOFURAN » 30 - 21 70 24 80 13
TERPHENVL~d14 » 30 - 18 60 23 7 24

Spike Result - Sample Result = 100

Percent Recovery = -—-—--- ’
' Concentration Spiked

Spike Result - Duplicate Spike Result = 200

Spike Result + Duplicate Spike Result

Comments: No cleanup procedures were applied tv this sample.

1
TAL 1 NG
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M ATRIX SPIKE REGSULTS e

. 5‘ 43,{
Laboratory No.: S1A-HO-S.HK] Fraction: Phenolic Acids by GC/FID Matrix: Soil o &i
Sample Description: Matrix spike and matrix spike duplicate into soil sample labeled
Moss Rserican, Sample 1, Grab, 2/1r87, 1030.
’ . Spike Duplicate
Concentration Sample Spike Percent Duplicate Spike Percent

Compound Spiked (PPB)  Result (PPB) Result (PPB) Recovery Result (PPB) Recovery RPD

PHENOL 60 0 45 7S S2 87 14
2-CHL ORGPHENOL 60 0 46 [44 52 87 2
2-NITROPHENOL 60 0 468 80 54 90 12

2, 4-DIMETHYLPHENOL 60 0 49 82 S6 93 13

2, 4-DICHLOROPHENOL 60 0 46 80 54 90 12
4-CL-3-ME PHENOL 60 0 46 77 56 a3 20
2,4,5-TRICL PHENOL 60 0 47 76 56 93 17

2, 4-DINITRUPHENOL 60 0 29 48 49 B2 51
4-NITROPHENOL 60 0 26 43 , 46 7 S6
2-ME-4,6-DINO PHENOL 60 0 36 60 S3 , 8o 38

$

PENTACHL GROPHENOL 60 0 53 88 66 110 22

60 - 40 67 S2 87 26

2,4,5-TRIBROMOPHENOL »

————————————— *-————--——_—_——
% Surrogate

A Spike Result - Sample Result =x 100
Percent Recovery = ————————---=—--o—co———o———o-

S Concentration Spiked

Spike Result - Ouplicate Spike Result = 200
RiPD = —~———eeemm—mmm e e e e
" Spike Result + Duplicate Spike Result
: e

" Comments: No cleanup procedures were applied to this sample.

CH2HM HILL
ENUIDDNMENTAL | B, v



ANALYTICAL REPECRT
PAH/FHENOLS by GC/F1D

Client: CH2M HILL/G6LO .
Sample Identification: Soil - Moss American, Sample 5, Grab, 2/1/87, 1130

Terphenyl-di4 = 112 %

Lab No: Sam 3 Date Extracted: 02/18/87

Date Received: 02/10/87 Date Analyzed: 03/07/97

: I CONCENTRATION! T T T T T CONCENTRATI N
' PAH COMPQUNDS ! (PPM) ' PHENQLIC ACID COMPOUNDS ' (PPH) '
! Naphthalene S| ! Phenol ! 1

! Acenaphthylene ' 0.8 i 2-Chlorophenol ' < 2 :
i Acenaphthene H 0.6 i 2-Nitroghenaol H < 2 !
i Fluorene ' 0.9 i 2,4-Dimethylphenal H < 2

i Phenanthrene : 1.5 i 2,4-Dichlorophenaol ! <« 2

! Anthracene ' 1.4 ! 4-Chloro-3-aethylphenol ! 12 :
] Fluorantheng ! 3.3 i 2,4,6-Trichlorophenol H < ?2 .
! Pyrene : ! 3.7 ! 2,4-Dinitrophenol R S | !
i Benzo(a)anthracene ' 2.9 i 4-Nitrophenol H <« 5 '
t Chrysene ' 3.3 i 4,8-0initro-2-methylphenol ' ; 3 :
! Benzo(b)fluaranthene : < { . Pentachloraphenal ' 7 3 '
i Benzo(k)fluoranthene ' 4.5 : ' '
! Benzo(a)pyrene ! 17 i '

v Indenot!,2,3-cdlpyrene : 4.7 | : !
i Didbenzola,h)anthracene : < 1 ' :

! Beazol(g,h,ilperylene : 6.3 : '

! SURROBATE RECOVERIES i SURROGATE RECOVERY ‘
: 2,3-Benzofuran = 96 ¥ | 2,4,4-Tribromcphenol = 120 % '

Comments: No cleanup procedures were applied to this saaple.

Reviewed by:

- - e e --o -
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ANALYTICAL REPORT
PAH/FHENGLS by GC/FID

Cliant: CHZM HILL/BLD )
Sasple Identification: Soil - Moss Aaerican, Sasple 7, Srab, 2/1/97, 1200

Lab No: Saa 7 Date Extracted: 02/18/87

Date Received: 02/10/87 Date Analyzed: 03/08/87

: ' CONCENTRATION! T T TUCONCENTRATIANS
' PAR CONMPOUNDS ; (PPN) ' PHENQLIC ACID COMPOUNDS ' (PFPR)

i\ Naphthalene ! 51 ! Phenol ' < 100 ;
! Acenaphthylene ! 33 i 2-Chlorophenol : < 190 !
i Acenaphthene g 880 ! 2-Nitraphenol : < 190 !
t Fluorene : 440 i 2,4-Dimethylphencl ' < [QQ H
{ Phenanthrene ! 2100 i 2,4-Dichlorophenol H < D3 !
! Aathracene H 740 ! 4=Chloro-3-aethylphenal ' < poQ

! Fluoranthene : 3000 i 2,4,6-Trichlorophenol t < 100 .
! Pyrene ' 2600 i 2,4-Dinitrophencl H < 250 !
' Benzo(a)anthracene ' 199 i 4-Nitrophenol , 1600 '
i Chrysene ! 690 ! 4,5-Dinitro-2-nethylphenol ' ¢ 250 '
! Benzo(b)flugranthene ] ¢ S0 i Pentachloraophenol ' 13040 '
\ Benzo(k)fluoranthene : 40 : ! '
i Benzo(alpyrene ' < 30 : ' '
! Indeno(l,2,3-cd)pyrene : < §0 : ' :
i Dibenzo(a,h)anthracene ' < 50 ‘ : !
'y Benzo(g,h,ilperylene ' < 90 : ! :
! SURRQBATE RECOVERIES { SURROSATE RECOVERY

' - 2,3-Benzofuran = # / 2,4,4-Tribrosapghencl = + ¥ :
! Terghenyl-di4 = & % : !

Coasents: Na cleamap -procedures were applied to this sample.
# Surrogate recoveries were not determined due ko the largedilutiorn
needed for analysis. ;

\
Reviewad by: ___%_--gﬁ‘..é‘@ ........



ANALY TICAL REPQRT
PAH/FHENQLS by GC/F1ID

Client: CHZM HILL/GLO
Sample I[dentification: Sgil - Mass American, Sample 15, Grab, 2/1/87, 1400

Terghenyl-did » 93 1

Lab Na: Saa 15 _ Date Extracted: 02/18/87

Date Received: 02/10/87 Date Analyzed: 03/19/87

: \CONCENTRATIAN! VCONCENTRATION
' PAH COMPOUNDS ' (PPM) : PHENQLIC ACID COMPQLUNDS \ (OPM)

! Napghthalene : < ¥ i Phenal ! 4 2. '
! Acenaphthylene \ 0.4 { 2-Chlaraphenal ! < 2

! Acenaphthene ' 1 i 2=-Nitruphanal H < 2 :
i Flugrene ' § i 2,4-Dimwthylpghencl H < 2

' Phananthrene ' 2.0 i Z,4-Dichlaraphenal ! <« 12

1 Anthracaene ! 1.9 ! 4=Chlora-3-methylphenal ! « 2

! Fluoranthene ' 4.6 i+ 2,4,4-Trichlarophenal ! ¢ .2 :
i Pyrane ] 6.3 i 2,84-0initraophenal H ¢ 3 !
! Benzat(a)anthracene : < 1 i 4=Nitraphenal : ‘< 3 '
{ Chryseane ' 8.8 i 4,6-Dimitra-2-aethylphenal ' { g !
i Benzaih) fluaranthene : < 1 ! Pentachlorophenal ' 4 '
! Benza(k)fluoranthene : 8.7 : '

! Benzola)pyrene : 2.9 : ' :
i [ndenat(!,2,3-cd)pyrene ! 3.t ' ' :
' Dibenza(a,h)anthracene ' 1.2 H ! '
i\ Benzo(g,h,i)perylenes ! 4.6 : ' '
! SURRGGATE RECOVERIES ! SURROBATE RECOVERY :
' 2,3-Benzafuran = 92 1 ; 2,4,46-Trirasaphengl = 77 % '

Coanents: No: cleghvih gemceduxss were applied to this saaple.

Reviewed by: : >



ANALYTICAL REPORT
PAH/PHENQOLS by GC/FID

Clisnt: CH2M HILL/GLO
Sample ldentification: Soil - Moss American, Sample 17, Grab, 2/1/87, 1430

Lab Nao: Sam 17 . Date Extracted: 02/18/87
Date Recejved: 02/10/87 Date Analyzed: 03/08/87
! { CONCENTRATION! T T T T T CONCENTRATICON!
' PAH COMPOQUNDS ' (PPH) ! PHENQLIC ACID COMPOUNDS : (FPH) !
i Naphthalene H 0.8 i Phenol H < 2 '
+ Acenaphthylene ' 1.8 i Z-Chlarophenal ' < 2 :
! Acenaphthene : 1.0 i 2-Nitrophenal : < 2 '
i Fluorene ' 0.4 i 2,4-Dimethylphencol ! { k2 '
i Phenanthrene ! 3.0 i 2,4-Dichlaraphenal H ¢« 2 '
! Anthracene ' 3.7 ! 4-Chloro-3-sethylphencl ! < 52 '
' Fluoranthene ' 1y ' 2,4,86-Trichlaraphenol I S 4 :
! Pyreng H 40 i 2,4-Binitraophenol H < '3 '
! Benze(a)anthracene ' 9.0  4-Nitrophenol { 4 '
! Chrysene : 14 ! 4,4-Dinitro- Z-Qethylphenol ! { S '
! Benza(b)fluoranthend ] < { 1 Pentachlorophenol : 2 .
! Benzolk)fluoranthene ' 3 ' ' f
i Benzolalpyrene : 14 4 ! !
! Indena(l,2,3-cdlpyrene : < l ' : !
1 Cibenzota,h)anthracens : 10 : : :
! Benzo(g,h,i)perylene H {2 ' ' '
SURROBATE RECOVERIES SURRQEATE RECOVERY
= 112 % :

' 2,3-Benzofuran = 96 4 : Z,4,6-Tribromophenol
! Terphenyl-dt4 = 74 % .

Comaents: Na crd!hdw proclf’f;s'nnre applied to this sanple.

Reviewed by: ___ﬁi-



ANARLYTICAL REPORT
PAH/PHENQOLS by GC/MS

Client: CH2M HILL/GLO
Sample Identification: Laboratory Method Blank

Lab No: 04037BS2 Date Extracted: 04/03/87
Date Received: N/A Date Analyzed: 04/03/87
: 'CONCENTRATION! , CONCENTRATIOM:
! PAH COMPOUNDS : (pPm) ! PHENGLIC ACID COMPOUNDS ' (PPN) !
i Naphthalene ' < 0.4 i Phenol i < 0.4 '
i Acenaphthylene ' < 0.4 i 2-Chlorophenol ' < 0.4 '
i Acenaphthene ' < 0.4 ! 2-Nitrophenol ! < 0.4
i Fluarene ! < 0.4 i 2,4-Diaethylphencl ' < 0.9
i Phenanthrene : < 0.4 i 2,4=-Dichlaraphenol Vo Gd
! Anthracene H < 0.4 { 4=Chlaro-3-sethylphenocl ! < 04 ;
i Fluoranthene: H < 0.4 i 2,4,6=-Trichloraphenaol ' < &4 '
{ Pyrene H < 0.4 i 2,4=Dinitropghencl H <24 :
! Benzo(a)anthracene < 0.4 ! 4-Nitrophenol V¢ 2.0 '
i Chrysene : < 0.4 i 4,6-Dinitra=-2-asthylphenal ! < 2.0 !
i\ Benzo(b)fluoranthene: : < 0.4 i Pentachlarophencl H < 0.4 '
{ Benzo(k)fluaranthene ' < 0.4 : ! '
! Benza(a)pyrene ' < 0.4 : H '
i Indeno(l,2,3-cdipyrene ' 0.4 ' ' '
! Dibenzo(a,h)anthracene ' < 0.4 : ' '
! Benzo(g,h,i)perylene , : < 0.4 H ! '
SURROBATE RECOVERIES ! SURRGSATE RECOVERY ‘
2,3-Benzofuran = 70 X H 2,4,4-Tribrosaphencl = 71 %

Terphenyl-dié > 79 %

Conmentss : a2,
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ANALYTICAL REPORT
PAH/PHENQLS by GC/MS

Client: CH2M HILL/GLO
Sample Identification: Soil - Moss American, Saample {, Grab, 2/1/87, 1030

Lab No: Sam ! _ Date Extracted: 04/03/87

Date Received: 02/10/87 Date Analyzed: 04/05/87

: {CONCENTRATION! T T T ICONCERTRATION!
' PAH COMPQUNDS ! (PPM) ! PHENOLIC ACID COMPQUNDS ! (PPM) ]
i Naphthalene ' < 0.4 { Phenal H < 0.4 '
! Acenaphthylene ! ¢ 0.4 i 2-Chlarophenol ! < 0.4 !
{ Acenaphthene H < 0.4 i 2-Nitrophenol H < 0.4 '
{ Fluorene ! < 0.4 ! 2,4-Dimethylphencl ! < 0.¢ :
\ Phenanthrene : < 0.4 { 2,4-Dichlorophenol H C 0.4 !
i Anthracene : < 0.4 ! 4-Chloro-3-sethylphencol ' < 0.4 :
! Fluaoranthene ' < 0.4 i 2,4,6-Trichlarophenal ' < 0.4 '
! Pyrene H < 0.4 i 2,4-Dinitrophenol ! < 2.0 :
! Benzo(a)anthracane ' C 0.4 ! 4-Nitrophenol V2.0 '
{ Chrysene: ' < 0.4 i 4,6~-Dinitro-2-eethylphenol t < 2.0 '
i Benzao(b)fluoranthene ' < 0.4 \ Pentachlorophenol : < 0.4 !
{ Benzo(k)fluoranthene ' < 0.4 : ' H
! Benzol(a)pyrene : < 0.4 H : '
! Indeno(1,2,3-cd)pyrene : C 0.4 ' ' !
i Dibenzo(a,h)anthracene : C 0.4 : H '
i Benzo(g,h,i)perylene : < 0.4 i : '

SURROGATE RECOVERIES SURROGATE RECOVERY

»
o
(-2
e

' " 2,3-Benzofuran = 71 % ! 4 2,4,6-Tribroacphanal
' Terphenyl-di4 = 92 % '



ANALYTICAL REPORT
PAH/PHENOLS by GC/MS

Client: CH2M HILL/GLO <
Sample ldentification: Soil - Moss American, Sample 3, 6rab, 2/1/87, 1130

Lab No: Sam 5 . Date Extracted: 04/03/87
Date Received: 02/10/87 Date Analyzed: 04/05/87
; | {CONCENTRATION! T 'CONCENTRATION:
' PAH COMPOUNDS ! (PPN) ! PHENOLIC ACID COMPQUNDS ' (PPHM) :
! Naphthalene ' < 0.4 ¢ Phenol : < 0.4 '
i Acenaphthylene ' C 0.4 { 2-Chlorophenol ‘ < 0.4 '
! Acenaphthene ! < 0.4 ! 2=-Nitrophenol ' < 0.4 '
{ Fluorene : < 0.4 i 2,4-Disethylphenol H < 0.8 H
! Phenanthrene : 0.7 i 2,4-Dichloraphenol ! < 0.4 '
i Anthracene H 0.5 i 4-~Chloro-3-eethylphenol ! < 0,14 :
{ Fluoranthene : 1.7 i 2,4,6-Trichlorophenal : < 0.4 !
! Pyrene : 1.8 i 2,4-Dinitrophenol ' < 2.0 '
! Benzo(a)anthracene ' 0.3 i 4-Nitrophenol H < 2.9 :
i Chrysene ' 1.3 ! 4,4-Dinitro-2-sethylphenol H < 2.0 '
! Benzo(bd)¢éluoranthene ' 2.9 i Pentachlorophenol ' < 0.4 '
! Benzol(k)fluocranthene ! 1.2 : : '
! Benzo(a)pyrene ' 1.0 i ! '
! Indeno(1,2,3-cd)pyrene ' 1.8 ' ! '
i Dibenzo(a,h)anthracene ! < 0.4 H ' '
i Benzo(g,h,i)perylene : 2.1 : { :
SURROGATE RECOVERIES SURRQOGATE RECOVERY !

>

' 2,3-Benzofuran = 46 % H 2,4,5-Tribroscphencl = 80 %
: Terphenyl-dié4 = 77 % !

Comments: PAH anQ Phenal fractions were analyzed separately.

Reviewed by: M .&énf. ........



ANALYTICAL REPORT
PAH/PHENOLS by 6C/MS

Client: CH2M HILL/SLO )
Sasple ldentification: Soil ~ Moss American, Saample 7, Grab, 2/1/87, 1200

Lab No: Saa 7 - , Date Extracted: 04/03/87 -

Date Received: 02/10/87 Date Analyzed: 04/0%5/87

: ICONCENTRATION ! TCONCENTRATION!
! PAH COMPOUNDS : (PPR) { PnElleC ACID COMPOUNDS ! (PPH) !
! Naphthalene ' 34 { Phenol H < 0.8 i
! Acenaphthylene ' < 4,0 ! 2=-Chlorophenol ! < 0.8 '
{ Acenaphthene ! 440 i 2-ditrophenol H < 0.8 H
i Fluorene ! 330 i 2,4Dissthylphencl H < 0.8 !
! Phenanthrene ' 1100 { 2,4~Dichlorophencl ! C %8 H
! Anthracene ! 330 { &=Chloro-3-asthylphenol ' < 0,8 !
{ Fluaranthene : 1800 i 2,4,6~Trichlorophenol H < 0.8 H
! Pyrene ' 1400 i 2,4-Dinitraphencl ! < 8.0 :
i Benzo(a)anthracene ' 240 ! 4=¥itrophenol ' < 4,0 '
! Chrysane ' 330 i 4,6-DMnitro-2-sethylphenol H < 4,0 '
! Benzot(b)fluoranthens ' 210 i Pentachloraphenol H < 0,8 :
{ Banzo(k)fluoranthene ! 96 H ] :
i Benzo(alpyrene : 120 H H H
{ Indeno(1,2,3-cd)pyrane | 48 : : '
! Dibenzo(a,h)anthracene : i4 : : '
i Benzo(g,h,i)perylene : H ! H !
SURROGATE RECOVERIES ) ! SURROBATE RECOVERY

4 77 %
TorMyl-dil s 7312

~
-
»
-t
)
-
o
K
o
[
[-]
°
>
L
3
o
[ )
[

! 2,3-Bamzofuran s 31

Cossents: PAK: “ﬂwhx“m were analyzed separately.
i

5
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ANALYTICAL REPORT
PAH/PHENOLS by GC/MS

Client: CH2M HILL/GLO
Sasple Identification: Soil - Moss Aserican, Saeple 15, Grab, 2/1/87, 1400

Lab No: Saa 1S Date Extracted: 04/03/87

Date Received: 02/10/87  Date:-Analyzed: 04/03/87

: { CONCENTRATION! TCONCENTRATION!
! PAH COMPOUNDS ' {PPN) H PHENGLIC ACID COMPOUNDS ' (PPX) '
i Naphthalene : < 0.4 ! Phenol H < 0.4 '
{ Acenaphthylene ' < 0.4 ! 2-Chloraphenol ! < 0.4 !
i Acenaphthene ' < 0.4 ! 2-Nitrophenal ' < 0.4 :
i Fluorene H ¢ 0.4 i 2,4-Dimethylphencl ! < 0.4 !
! Phenanthrene H 0.9 i 2,4=Dichlaraphenol H ¢ &4 H
! Anthracens ' 0.4 i 4=-Chloro-3-eethylphenol ! < o. 4 ‘
! Fluoranthene ! 2.3 i 2,4,4-Trichlorophenol ! < 0.4 !
! Pyrane ! 2.1 { 2,4-Dinitrophenol H <« 2.0 !
{ Benzo(a)anthracene ! 0.4 i 4=Nitrophenol : < 2.0 '
i Chrysene H 1.3 { 4,6-Dinitro-2-aethylphenol H < 2.0 !
! Benzo(bd)fluoranthene : 3.0 i Pentachlorophenol : < 0.4 '
i Benzo(k)fluaoranthene : 1.1 H : H
i Benzo(al)pyrene ' 0.9 i ' '
{ Indena(1,2,3-cd)pyrene H 1.3 ' ! '
i Dibenzo(a,h)anthracene : < 0.4 H ' '
. Benzo(g,h,i)perylene ! 2.1 H ' '
{ SURROGATE RECOVERIES ! SURROBATE RECOVERY :
! 2,3-Benzofuran = S0 X% ' 2,4,6-Tribrosophenol = 77 ¢ !
' Terphenyl-di4 = 73 H !

Comaents: PAH aadrBbenol -fractions were analyzed separately.

Reviewed by: -_/é/d. .«»4.-.9: .....



ANALYTICAL REPORT
PAH/PHENOLS by 6C/MS

Client: CH2M HILL/6LO
Saaple Identification: Soil - Moss Aserican, Saaple 17, Grab, 2/1/87, 1430

Lab No: Saa 17 Date Extracted: 04/03/87
Date Received: 02/10/87 Date Analyzed: 04/0%/87
: ' CONCENTRAT 10N T T T CONCENTRATION
: PAH CONPQUNDS H (PPHW) H PHENOLIC AC!D COMPOUNDS { (PPH) '
. Naphthalene : 0.3 i Phenol : < 0.4 :
i Acsnaphthylene H ¢ 0.4 { 2-Chlorophenol H < 0.4 :
{ Acenaphthene : < 0.4 i 2-Nitrophenol H C 0.4 :
i\ Fluorene : < 0.4 ! 2,4-Disethylphencl H < 0.4 '
! Phenanthrene : 1.6 i 2,4=-Dichlarophencl H < 0t '
{ Anthracene ) : 0.9 i 4=Chloro-3-aethylphenol : { 0.4 !
| Fluoranthene ! 3.1 i 2,4,6-Trichlorophencl t < 0.4 H
! Pyrene : 17.0 i 2,4-Dinitrophenot t < 2:0 ]
i Benzo(a)anthracene : 1.9 { 4-Nitrophenol : < 2.9 '
! Chrysene ' 3.9 ! 4,6-Dinitro-2-eethylphenol ! ¢ 2,0 :
i Benzo(b)fluoranthene ' 3.8 1 Pentachlaraophenol { < 0.4 !
{ Benzot(k)fluaranthene : 3.6 : ' |
! Benzol(a)pyrene ! 3.6 ! ' '
i Indeno(1,2,3-cd)pyrene : 0.3 : H :
i Dibenzo(a,h)anthracene ! < 0,4 i : :
! Benzol(g,h,i)parylene ' < 0.4 : : '
! SURROGATE RECOVERIES ! SURROBATE RECOVERY '
' 2,3-Banzofuran = 32 % ' 2,4,6~Tribroaophenal = 82 % '
' Terphanyl-d14 = 44 % : :
Cossents: PAH and-Rhenol fractions were analyzed separately.

TS igAt-

e L S
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Laboratory No.: SIPRH-S.HKI Fraction: PAH by GC/MS Matrix: Soil

Sample Description: Matrix spike and aatrix spike duplicate into soil sample labeled
Moss Rmerican, Sample 1, Grab, 2/1,87, 1030.

. Spike Ouplicate
Concentration Sample Spike Percent DOuplicate Spike Percent
Compound SPiked (PPB) Result (PPB) Result (PPB) Recovery Rasult (PPB) Recavery RPQ

NARPHTHALENE ap 1] 39 78 45 90 14
ACENRPHTHYLENE &0 1] 40 ao 44 an 10
ACENAPHTHENE S0 0 40 80 43 a6 7
FLUORENE 80 o 41 a2 42 ' a4 2
PHENANTHRENE 80 o 42 04 46 92 9
ANTHRACENE S0 0 40 80 44 a8 10
FLUORANTHENE S0 ¥] 44 . a8 46 32 4
PYRENE 1] (1] 45 S0 47 94 4
BENZOCAYANTHRACENE an 0 43 a6 42 B4 2
CHRYSENE S0 1] 42 o4 42 © B4 o
BENZOCB)YFLUQRANTHENE 1] v] 42 o4 45 90 7
BENZO(K)FLUORANTHENE S0 4] 46 92 45 90 2
BENZO(R)PYRENE a0 0 44 a8 45 30 2
INDENOC123-CDHPYRENE S0 (1] 41 82 47 94 14
DIBENZOCAH)ANTHRA. 80 1] 41 82 47 94 14
BENZOCGHI DPERYLENE S0 0 40 a0 46 92 14
2,3-BENZOFURAN S0 ——- 33 66 38 76 14
TERPHENYL-d14 » 86 46 . 92 7

[4Y
]
1
t
|
P
w

% Swragate

Spike Result - Sggple Result »x 100

Percent Recovery = ------- __
‘ Concentration Spiked

Spike Rgsult - Duplicate Spike Result x 200

Spike Result + Duplicate Spike Result

Comment s:

CHZM HILL
ENVIRONMENTHL. LHEb ., i iRY
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Laboratory No.: SI1AC-5.KKI1 Fraction: Phenolic HAcids by GC/MS Matrix: Soil

Saeple Description: MHMatrix spike and matrix spike duplicate into soil sasple labeled
Moss Reerican, Saaple 1, Grab, 2/1/87, 1030,

Spike Ouplicate
Concentration Saaple Spike Percent Duplicate Spike Parcent
Compound Spiked: (PPB) Result (PPB) Result (PPB) Recovery Result (PPB) Recovery RPD
PHENOL : 100 0 79 79 78 78 1
2-CHLOROPHENOL 100 0 76 76 74 74 3
2-NITROPHENOL 100 0 a0 - 60 85 a5 6
2, 4-0IMETHYLPHENOL 100 a 74 74 78 78 S
2, 4-DICHLOROPHENOL 160 0 - 81 61 8s a8 5
4-CL-3-ME PHENOL 100 0 B4 o4 a9 89 6
2,4,6-TRICL PHENOL 100 0 a2 : a2 86 a6 )
2, 4-DINI TROPHENOL 100 1} 73 73 71 71 3
4-N1TROPHENOL 100 0 82 a2 as . 85 4
2-ME-4,6-DINO PHENOL 100 0 82 82 85 . 85 4
PENTACHLOROPHENOL 100 1] as a5 91 91 ?
2,4,6-TRIBROMOPHENOL = 100 -—= a7 a7 en ae |

- - N

%  Sw-rogate

Spike Result - Sasple Result »x 100

Percent Rocoverg =
Concentration Spiked

Spike Result - Duplicate Spike Result = 200

Spike Result + Duplicate Spike Result

Comment s:

CHeM HILL
ENVIRONMENTHL LRBORATORY



Client: CH2M HILL/SLO
Saaple [dentification:

Lab No: 04037BS!
Date Received: N/A

Naphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene

Pyrene
Benzo(a)anthracene
Chrysene:

Benzo(b) fluoranthene
Benzo(k) fluaoranthene
Benzo(a)pyrene

Indeno(!,2,3-cd)pyrene
Dibenzo(a,h)anthracene

Benzo(g,h,i)perylene

SURROGATE RECQVERIES

ANALYTICAL REPORT
PAH/PHENOLS by GC/MS

Laboratory Method Blank

2,3-Benzaofuran =
Terphenyl-di14 =

- D D D D P IR D D D D WD D D D D D G R WP R P YD D D P R P TP D WD D WP YD U WD D WD S D W D D D TR D WD D D WD S NP D WD D WD T D D D D WD P T W D T WD D D A S W W D W

(PPM)

0.4
0.4
0.4
0.4
0.4

ol“

0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

Date:Extracted: 04/03/87
Date-Analyzed: 04/03/87

! Phenol

i 2-Chlorophenol

i 2-Nitrophenol

{ 2,4-Dimethylphensal
i 2,4-Dichlarophenol
i 4-Chloro-3-aethylphenel

i 2,4,6-Trichlorophenol

i 2,4-Dinitrophenol

i 4-Nitrophenoal

i 4,6-Dinitro- 2-|othylphenol
! Pentachlorophenol

SURROBATE RECOVERY

H 2,4,6-Tribrosaphenol

Comsents: No cleanup procedures were applied to this saaple.

Reviewed by: ,_WQJ._- ,

(PPM)

a o » e e e o e

A ANANANAANAAANANANNAN

SN NOOOQCQOO0OO
. -
£ OO0 6 esedsres

D W D D D D D = D D D D D WP D A S D W D S SR AR D A D D W AP D D W S WD D WD U D P P E WD WD WD D D T D P WD R WP D D T AR W P e W O O e .

[
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— ANALYTICAL REPORT SV

PAH/PHENGLS by 6C/MS

Client: CH2M HILL/SLO . -
Sample Identification: Soil - Moss Aaerican, Sample.1, Grab, 2/1/87, 1030

Lab No: Sam t Date Extracted: 04/03/87

Date Received: 02/10/87 Date Analyzed: 04/03/87

: {CONCENTRATION! TUCONCENTRATION!
' PAH COMPOUNDS ! (PPM) ! PHENOLIC ACID COMPQUNDS ' (PPK) :
i Naphthalene \ < 0.4 i Phenol ! < 0.4 !
! Acenaphthylene ! < 0.4 i 2-Chlorophencl ! < 0.4 '
! Acenaphthene ! < 0.4 i 2-Nitrophenol | < 0.4 :
\ Fluorene ' C 0.4 i 2,4-0isethylphenol ! < 0.4 !
{ Phenanthrene ! < 0.4 i 2,4=-Dichlorophencal H < 0.4 '
{ Anthracens ' < 0.4 i 4=-Chlaro-3-aethylphanol ! < 0.4 !
! Fluoranthene H < 0.4 i 2,4,6-Trichlaorophenol ' < 0.4 !
! Pyrene H < 0.4 { 2,4-Dinitrophenol ' ¢ 2.0 N
i Benzo(a)anthracene H < 0.4 i 4-Nitrophenol ' < 2.0 !
i Chrysene : € 0,4 i 4,6-Dinitro-2-sethylphenol ' < 2.0 i
{ Benzo(b)fluoranthene ; < 0.4 i Pentachlorophenol : < 0.4 '
{ Benzo(k)fluoranthene ‘ < 0.4 ! { '
i Benzo(a)pyrene : < 0.4 : ! '
{ Indena(l,2,3-cd)pyrene ' < 0.4 H ! :
i Dibenzo(a,h)anthracene : < 0.4 d H !
i Benzol(g,h,ilperylens H < 0.4 : ' H
{ SURROGATE RECOVERIES ! SURROBATE RECOVERY

' 2,3~Benzafuran = 46 % ' 2,4,6-Tribroscphenol = 78 7%

Terphenyl-di4 = 83 1

Comsents: No cleanup procedures were applied to this saaple.




ANALYTICAL REPORT
PAH/PHENOLS by GC/MS

Client: CH2M HILL/GLO
Saaple Identification: Soil - Moss Aeerican, Sample 7, 6rab, 2/1/87, 1200

Terphenyl-di4 = 29 %

Lab No: Sams 7 Date Extracted: 04/03/87

Date Received: 02/10/87 Date Analyzed: 04/05/87

! {CONCENTRATION! {CONCENTRATION!
! PAH COMPOUNDS ' (PPM) i PHENOLIC ACID COMPOUNDS ' {PPK) !
i Naphthalene H 70 i Phenol H <« 10 '
! Acenaphthylene ' 43 i 2-Chloraphenol H < 10 :
! Acenaphthene ' 600 ' 2-Nitrophenol ! < 10 :
{ Fluorene ' 420 ¢ 2,4-Diaeethylphenol i< 10 '
{ Phenanthrens : 1300 i 2,4-Dichlorophenol ' ! < 10 {
{ Anthracene H 340 i 4-Chloro-3-sethylphenol ' <« 10 !
i Fluoranthene _ . ' 2200 \ 2,4,6-Trichlaorophenol ! < 10 '
{ Pyrene : 1600 i 2,4-Dinitrophenal H < 950 !
! Benzo(al)anthracene ' 440 ! 4-Nitrophenol : : ¢ S0 '
{ Chrysene i 330 \ 4,6-Dinitro-2-sethylphenol i < §0 :
i Benzo(b)fluoranthene ' 330 ! Pentachlaorophenol ] < 10 d
! Benza(k)fluoranthene ! 170 ' ' !
i Benzo(a)pyrene : 210 ! ' '
! Indeno(1,2,3-cd)pyrene : 110 : ' :
! Dibenzo(a,h)anthracane : ¢ 10 : ' '
! Benzo(g,h,ilperylene ' 93 ! ! ;
! SURROGATE RECOVERIES ! SURROBATE RECOVERY '
: 2,3-Benzofuran = 48 1% : 2,4,6-Tribroaophenol == & X

Comsents: No clesanup procedures were applied to this sasple,
#+ Surrogate not recovered.

syl e



Laboratory No.: SIPRH-S.KK1 Fraction: PRH by GC/MS Matrix: Soil

Sasple Description: Matrix spike and matrix spike duplicate into soil sample labeled
Moss American, Sample 1, Grab, 271,687, 1030.

. Spike Duplicate
Concentration Sample Spike Percent Duplicate Spike Percent
Compound Spiked (PPB) Result (PPB) Result (PPB) Recavery Result (PPB)  Recovery RPD

NAPHTHALENE S0 0 40 80 46 92 14
RCENAPHTHYLENE S0 0 41 a2 44 a8 ’
RCENAPH THENE S0 0 41 a2 42 84 2
FLUORENE - S0 0 41 a2 42 84 2
PHENANT HRENE SO 0 41 a2 43 86 S
ANTHRACENE | S0 0 38 76 40 - 80 S
FLUCRANTHENE S0 0 44 a8 44 88 0
PYRENE - S0 0 45 S0 45 30 0
BENZOCR >ANTHRACENE S0 0o 42 64 38 76 10
CHRYSENE SO o 40 a0 38 76 5
BENZO(B )FLUORANTHENE 50 0 47 94 46 92 2
BENZO(K )FLUORRNTHENE S0 0 45 90 47 94 4
BENZO(R)PYRENE . S0 0 46 92 46 92 0
INDENOC 123-CD)PYRENE S0 o 97 114 52 104 3
DIBENZO (RHYANTHRA. a0 0 S9 118 35 110 E
BENZO(GHI)PERYLENE S0 0 55 110 51 102 8
2, 3-BENZOFURAN S0 - 35 70 41 82 16
TERPHENYL-d14 S0 - 46 92 44 ]3] 4

- - \

%  Swr-rogate

Spike Result - Sample Result »x 100
Percent Recovery = -- -

Concentration Spiked

Spike Result - Duplicate Spike Result »x 200

Spike Result + Duplicate Spike Result

RPO

Comments: No leanup procedures were applied to this sample.

CH2M HILL
ENVIRONMENTAL LHBORATORY



M A T R I X SP.IKE R E S UL T S

Laboratory No.: SIAC-S.HK1 Fraction: Phenolic Acids by GC/MS Matrix: Soil

Samp le Description: Matrix spike and matrix spike duplicate into soil sample labeled
Moss Reerican, Saaple 1, Grab, 2/1,/,87, 1030.

Spike Ouplicate
Concentration Sample - Spike Percent DOuplicate Spike Percent
Cospound Spiked (PPB) Result (PPB) Rasult (PPB) Recovery Result (PPB) Recovery RPD
PHENOL : 100 0 73 73 80 80 9
2~CHLLOROPHENOL 100 1] 70 70 79 73 12
2-NITROPHENOL 100 0 a0 80 88 a8 10
2, 4-DIMETHYLPHENOL 100 0 74 74 a2 a2 10
2, 4-DI1CHLOROPHENOL 100 0 79 9 a? a7 10
4-CL-3-ME PHENOL 100 1] a7 67 S0 30 3
2,4,6-TRICL PHENOL 100 1] 04 a4 a? 87 4
2, 4-DINITROPHENOL 100 0 75 75 74 74 1
4-NITROPHENOL 100 o a0 90 a4 84 7
2-ME-4,6-DINO PHENOL 100 o 86 86" a0 80 ?
PENTACHL ORGPHENOL 100 1] 84 84 a0 S0 ?
2,4,6-TRIBROMOPHENOL 100 - --- 91 91 86 86 6

%  Sw-rogate
Spike Result - Sample Result = 100

Percent Roco;wqrg =
Concentration Spiked

Spike Result - Duplicate Spike Result = 200

Spike Result + Duplicate Spike Result

Comments: No cleanup procedures were applied to this sample.

CHZM HILL
ENVIRONMENTAL LABORATORY



Appendix D
SAMPLING PLAN
FOR THE
PHASE I REMEDIAL INVESTIGATION
AT THE MOSS-AMERICAN SITE

GLT595/12-3



..._.---.

.

CONTENTS

Section
1.0

2.0

5.0

Figures.

v BeoRw)
w N =

Tables

D-1
D-2

GLTS595/31

Objective

Sample Locations and Designation

2.1 Sample Locations

2.2 Sample Designation

Sampling Equipment and Procedures

3.1 Monitoring Well Installation

3.2 Aquifer Testing

3.3 Sample Collection

Sample Handling and Analysis

4.1 Parameters

4.2 Sample Preparation, Packaging, and
Shipping

4.3 Scheduling

4.4 Sample Documentation

Investigation Waste Mahagement

Proposed Surface Soil Sample Locations

Proposed Groundwater Monitoring Wells

Sediment Sample Locations

Summary of the Sampling and Analysis Program
Sample Containers, Preservation, Shipping,

and Parking Requirements

NN

~Noyut b

o0

13
13
14

14



. R‘sion No. 3

Date October 15, 1987

Page 1 of 14

SAMPLING PLAN
REMEDIAL INVESTIGATION/FEASIBILITY STUDY
MOSS-AMERICAN SITE MILWAUKEE, WISCONSIN

1.0 OBJECTIVE

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:

e} 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 scil 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. 1In
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. 1Initial 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 quantification 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 destroved.

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 sampling locations
will be selected to include sampling of river dredgings and
floodplain deposits and background locations upstream. These
25 sediment sampling locaticns 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 o0il 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 éample'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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BB--bottle blank
RP--replicate

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-MW1-02

Moss-American--groundwater sample 2 from monitoring well
MWO1

MA-SW2-01
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-SB008-04

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 deeper 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



i v o
’

. Re’sion No. 3

Date October 15, 1§87
Page 6 of 14

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. Procedures 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 S5-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 so0il 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.

Groundwatexr 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
and/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

beaker and transferred to the appropriate sample container.
One set of samples collected for metals analysis will be
filtered in the field. All sampling equipment will be decon-
taminated between 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 ENu. 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
asphalt.

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 summarizes the estimated number of samples, repli-
cates, and field blanks to be collected during the Phase I
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Table D)
SUNMARY OF THE SAMPLING AND ANALYSIS PROGRAM AT MOSS ANERECAN

) 2
2] 3 3 4
i ANALYTICAL SANPLES FIELD REPLICATES FIELD BLANKS HATREN SPIKE NATRIY
SAMPLE MATRIX  FIELD MEASUREMENTS  LABORATORY PARAMETERS LEVEL ND. FREB. TOTAL : NO. FRED. T0TAL ¢ ND. FREQ. T0TAL @ ND, N TOTAL : TOTAL :
SURFACE WATER (cont.) : : : : :
Netals v 8 ] 8 t | | H 1 I [ H 1 | | S T | ]
RAS Protacol : : t t :
Unfiltered Saaples 3 H s H s
Cyanide v § 1 8 1 T 1 1 Lo | TR
RAS Protocol H H o H :
Unfiltered Sasples H : 3 : H )
Biocheaical Oxvgen Demand v 8 } 8 1 } 1o 1 1ot 1 i T TR
SAS (Std Method 507) 3 H H s :
Unfiltered Sasples : : 3 : : )
s ' : : t
Chesical Oxvgen Desand v 8 I 8 1 i [ I | 1 | I | i 1 10
SAS {EPA 410.1) : : : : :
Unfiltered Samples : : : : : ;
: H ' H '
Total Orqanic Carbon v 8 1 8 | | | H ) | | B [} 1 | I B [ 2]
SAS 1EPA 415.1) : H H H H
Unéiltered Samples t : H H H
Total Dissolved Solids v 2 1 8 ;1 1 R | TR 1 1o
SAS (Std Method 2098)° : s H : t
Unfiltered Sasples : H : H H
fotal Suspenoed Solids Vo8 ) 8+ 1 ) T ! TR 1 TR
SAS (EPA 160.2) ’ H ! ! H H
Unfiltered Sasples H : t H :
Alkalinityifcidity v 8 1 8 i 1 TR 1 T i Voo
SAS IEPA 310.1/EPR 305. 1) H : ' : H
Unfiltered Saeples : H : H H )
Tatal Fhenol v 8 ! 8 i 1 1 oo 1 1o 1 110k
SAS (EPA 420.1 or : : B : :
Std fethod 310 A & B) s H t : )
SURFACE S0IL
HNu Screening T0C screening Il 259 ] 2% : 13 i [ ST b ] i 13 13 1 13 s 2
SOP (CH2M HILL/CSL) : H H : :
DVA Screening B H : :
GC/FID Anaivsis th ] 1 1 3 1 3 : 3 i 3 : 3 1 I s &
SOF iCH2M HILL/HGR) B : . H : :
VOC's consistent with v 1 a o 2 1 2 i 2 ' 2 1 TR TR
fihS Protocol H H : :
fcid, BasesMeutral Extract. v 16 1 ot 2 i : i1 ' : : TR "R
RAS Protocol H : : . H
Festicides/FLB's Iv 16 1 TR I A i 2 o 1 R I
RAS Protocoi : : : H H
Metals W 1 ' o2 I : i 1 ! 2 t R
RAS Protocol H : H : H
Cvamde v 16 i i 2 ! [ ! i 1 Lo .
KAS FProtocot : : H : H
Laroon v 16 ] T 2 | t 13 | 2 1 1 [} W
SAS (AStA D-3178) : )
tarogen v I | 16 2 | 2 2 ' IR 1 T T
SAS tRASIN (-3178) :
Sul tur v 1o ' ot 2 ) : o2 ! r oo ' 1w s '
SAS (ASIN D-3117-82) : : s : :
Ux ygen v lo | o 2 \ ¢ M 1 i ) ] | Y
SAS by arvierence! : : : : :
Nitrooen v 10 1 I N 1 H ? i N ] 3 ] 20
SAS (ASIN Lty ) : : H
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Table D-1 ,
SUNMARY OF THE SAMPLING AND ANALYS1S PROSRAM AT MDSS AMEKICAN
. oeo 3 3 4
1 ANALYTICAL SANPLES FIELD REPLICATES FLELD BLANKS NATREA SPIKE KAIRIL
SANPLE MATRIX FIELD MEASUREMENTS  LABORATORY PARAMETERS LEVEL ND. FREQ. T0TAL ¢ MO, . TolAL ¢ ND. FREB. TOTAL ¢ MO FRER. TOTAL : TOTAL
3 H g : 3 H
3 : : : :
[} ' : : H
SURFAEE SOIL f(cont.) Moisture Content v 16 [} ) L+ 2 ] 2 2 [} 2 1 1 ] s 20
SAS (ASTH D-3173) : H : H :
1 : l : f
Ash Content v 16 ] 1 2 ] 2 H 2 t 2 : 1 ] 1 : 2 : !
SAS 1ASTH D-3174) H 3 : H H :
: f ' : :
Volatile Matter v 16 1 [1 S 2 1 2 2 [} 2 | ] 1 : 20 @ )
SAS (ASTA D-3129) : s H H t
Fized Carbon v 1 ) B o 2 1 7 1 2 ) 2 1 ! VoW
SAS (ASTH D-3172) : ! : : H )
: s : H :
Total Orqanic Carbon v 18 ] 1w 2 1 2 2 ] 2 | [} ] 32 20
SAS (Dohreanni H H H : H
. : : : : H
Water Soluble Chlorides v 18 i 1+ 2 ] 2 1 2 | 2 | i i r 200 !
SAS (EPA 62-3.5) { H H H H
Dicxin (several isoaers) v 1 1 6 i 2 1 2 0t 2 1 I 1 TR I
SAS Ana), Chea. 1980,52, H $ H l H
2045-2054) H H H s :
: : : : H
Heating Value v 6 | w2 ] Y R ] 0 : 90 0 O 18 )
SAS (ASTH D-2015-17) H H H : H
Flast Foint v 16 ] b i 2 } 2 o0 0 0 i 0 0 0 ;o1 ¢
SAS (Test Method for H 3 s ; ' s
Evaluating Solid Waste SN844) 3 : H : b
H : : : H
oH v 18 [} 18 : 2 1 2 : [ 0 0 : 0 0 0 ] B
SRS : : : : : )
SEDINENT . : : : : :
HNu Screening T0C Screening 3] 257 1 ol 2 13 ] 13+ B 1 13 1 [} 13 283
SOP (CH2M HILL/CSL) : H : : 3
OVA Screening : H H H : )
6C/FID Analysis 11 50 [} 1 : M ] 3 : 3 i 3 : 3 i 3 s bb H
SOP (CH2W HILL/NGH) : ’ : : 1 H
VOC's consistent with w 1 1 TR i 2 ¢ 2 ! 2 ] 1w
KRS Protocol : H H : :
hcid, Base/Meutral Extract. IV 1 ) TOR 1 : 1 2 ) T 1 R
RAS Protocol H : H : 3
Pesticides/PLE's v 1 i b2 ! : 2 i PR ' T I
KRS Frotocol : : : N :
Retals v 1 i bz 1 T 7 2 t : o 1 T T
#AS Protocol : H :
Cyanide v 1 ! TR ) : 1 2 ! 2 ! T TR
kAS Frotocol H : : s H
Carbon v 16 ] ot 2 1 P ! 1 i ! ! %
SAS (ASTM D-3178) : )
Hvdrozen v 16 1 to K [} 2 2 i 2 1 { | 2
SAS (ASIN D-3178: H
Suitur v 16 | 1 2 ' o2 | 2 ] 1 ! W '
SAS (ASIN D-3177-82)
Urygen v 1o I o o: 2 I Y 2 ' S ' oW ,
SAS (bv oifierencer : : : : :
Nitrogen v lo I i : i 1z i AR i i %
SRS (ASIN 3179)
foisture Lontent v 1 ] Io 2 [ 2 . 2 ] ? i | ] 2
SAS 1ASIn B-31 %) : :
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" Table D-1
SUNMARY OF THE SAMPLING AND ANALYSIS PROSRAM AT MDSS AMERICAN
080 3 3 4
] ANALYTICAL SANPLES FIELD REPLICATES FIELD BLANKS NATRIL SPIAE MATRHL
SANPLE maTAlX FEELD NEASUREMENTS  LABORATORY PARAMETERS LEVEL N0, FREQ. 107aL : WO, FREQ. 1074 N FREQ, T0TAL N FREQ. T0TAL : TOTAL
. ’ . 4 .
SEDIMENT {cont.} Ash Content v 16 1 [ 2 1 2 2 { 2 3 1 1 ] t 20
. SAS (ASTH D-3174) H H H H H
volatile Matter v 1 1 s 1 12 1 2 1 2 1 7 i T TR
SAS {ASTH D-3179) H H H : :
: H H : H H
Fized Carbon v 14 [} 16 2 1 2 2 1 2 3 ] 1 1 s 220
SAS (ASTN D-3172) : : B H H
: ! : : !
Total Organic Carbon v 16 ] W ¢ 2 ] Y S 2 } 2 [} 1 1 t 200
SAS (Dohreann) 3 H s : :
H H H B H
water Soluble Chiorides v 16 [} s 2 1 2 2 ] 2 i o 200
SAS (EPA 62-3.5) 1 H H H H
s ! : : :
Dioxin tseveral isosers) v 18 [} 6 ¢ 2 1 1 z i 2 i ] 1 W
SAS Anal, Chea. 1980,52, : : : H :
2045-2054) H H s H H
Heating Value v 1 1 TSI 1 SR 0 v o0 0 TR
SAS iASTA D-2015-77) ] : : : :
Flash Point v 1 ] B o: 2 ! 2 ¢ 0 v 0 i 0 0 0 ¢ 18
SAS (Test Method for -3 ' ' : H
Evaluating Solid Naste SWB4s) : : H H H
i v n ! o 2 1 2 ¢ 0 0 0o 0 0 DRI
SAS : : H : :
SUBSURFACE SOIL A : ; : P
HNu Screening TOC Screening 11 130 1 130 ¢ § 1 S ¢+ 3§ i 2 - 1 5 1 140
50F ICHZM HILLZCSL) : t : :
OVA Screening H ] H : :
VO('s consistent with v 3o ] o 2 1 11 : 2 i 2 B Z i 2 : 3 s
RAS Frotocol : s : H :
Acid, BasesNeutra) Extract. IV 3 1 % i 2 1 2 2 1 2 ;2 1 IS TR
RAS Protoco) . : H : : H
Festicides/PLB's W 30 ) % o: 2 | T o1 2 1 T2 1 PR VI
kAS Protocol H H H H :
fetals 1] 30 1 %+ 2 | 2 1 2 1 2 2 I SR TR
KRS Protocol : : : : :
Cvanige v 3 1 0 i 2 1 2 2 1 I 1. SIS TR
nAS Frotocol ¢ : : : :
Larbon v 50 1 N i 2 } : 2 i T 2 1 IR TR
SAS (ASTH D-3178. : : : . : H
Hyaroen v 30 i wo: o2 i i 2 ' 2 1 1 R T
SAS (ASTH D-3178) H : ' : :
sul fur v 0 ] 0 2 1 7 2 ) T 2 1 P SR TR
SAS (ASTH D-3177-82) : H B : B
Diyaen v 30 1 w2 | FE | 1t ! I VRN
ShS tby cifference) : : : : :
Mitrogen v 3 i oo: 2 1 : o 2 ‘ : 2 ! ) o
SAS (ASIA 3179, H ' H
horsture Content v 3 ) woo:oo2 1 T o1 1 2 : i z W
SAS ASTR D-3173) : H
asn Content v s ! oot 2 I 2 ! 2 : I 2 i
SRS (ASTA (-3174) :
Volatile Hatter v 3 | Ju 2 | 2 2 | } 2 1 ¥ 34

3RS WASEN §-3175)
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fable 0-1
SUMMARY OF THE SAMPLING AND ANALYSIS PROGRAN AT MDSS AMERICAN
080 3 3 4
[} ANALYTICAL SAMPLES F1ELD REPLICATES FIELD BLANKS MATRIE SPIXE BATRIX
SAMPLE MATRIY  FIELD MEASUREMENTS  LABORATORY PARAMETERS LEVEL N0. FREQ.  TOTAL : ND. FREQ. fotaL FheQ. 10 s ND. FRER.  TOTAL : TDTAL
: t H :
SURFACE SOIL {cont.) Fizxed Carbon v 30 1 3 0+ 2 1 2 [} H 1 2 0 0N
SAS {ASTN D-3172) H t : H
H H H H
Total Organic Carbon v 30 i o 2 1 2 1 H i [ 1§
SAS (Dohreann) H : : ¢
: 3 H l
Vater Soluble Chlorides v 30 [} k) I 2 1 2 : i H t HI 1]
SAS (EPA 42-3.5) H H t :
Dioxin tseveral isosers) v 3 | »o: 2 1 P 1 : 1 Y
SAS Anal. Ches. 1980,52, H i H :
2045-2054) H t H :
: s : :
Heating Value v 30 \ 3o+ 2 ! 2t 0 ' 0 v 2
SAS (ASTA D-2015-77) : : : H
: H : H
Flash Point v 30 1 3 2 1 1 0 : 0 : 32
SAS (lest Method for B i : :
Evaluating Solid Waste 5¥W34s) H H H :
: H H f
oHt v 30 [} o o 2 1 2 2 [ H [} 0 : 32
SAS ! H H H
s t H :
Particle-Size Analysis v 10 1 10 i i 1 i 0 H 0 [ )
SAS (ASTA D-422-83) H : : !
Atterourg Lisits v 10 1 oo 1 1 0 : 0 0 o
: 1 :

5AS (ASTA D-431B-80)

Notes:

3

See Appendix B of the QAPF for a cosplete list of Routine Analytical Services IRAS) paraseters.

Analytical levels are defined in "Data Quality Objectives for Resedial Aesponse Activities, Voluse 1* EPA 540/56-B7/003A.

This is an estimated nusber of field replicates and field blank sasples.

collected per day.

At a ainisua one replicate and one blank will be prepared each day.

The actual nusber collected or
In addition to t

prepared for the surface water VOL sasples and one for the groundwater VOC samples.

Matrix spikes and satrix spike duplicates are not included in the satrix total nuaber of sasples.

aust perfore contr

act required BC analyses,

B

repared is a function of the nuaber of sasples
e field blanks, one bottle blank will be

These nusbers represent samples on which the laboratory
Twice the noreal sasple voluae sust be collected for all agueous volatile organic RAS samples and

three tises the norsal sasple voluse sust be collected for all estractable organic samples including pesticides and PCB's for sasples on which the eatrix
Additional sasple voluse will not be necessary to perfora the satrix spike analyses on the

spike and eatrix s
res2ining aqueous

gi&e duplicte analyses will be perforeed.

AS paraaeters or for the soil and sedisent analyses. -

E
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Analysis

SOIL AND SEDIMENT

Low Concentration (RAS)

Acid, 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 B-oz. wide mouth glass
jar. Fi1l 3/4 full.

Two 120-ml wide mouth glass
vials. Fill completely,
no headspace.

One B-oz. wide mouth glass
jar. Fil1 3/4 full.

One 8-o0z. wide mouth glass
jar. Fill 3/4 full.

Two 120-ml wide mouth glass
jars. Fill completely, no
headspace.

One B8-oz. wide mouth glass
jar.

One 8-oz. wide mouth glass
jar. Fill1 1/2 to 3/4
full,

One 8-0z. wide mouth glass

jar.

One 4-oz. glass jar.

Two 32-o0z. glass jars.

One 8-oz. glass jar.

Table D~2 (Page 1 of 3)
SAMPLE CONTAINERS, PRESERVATION, SHIPPING
AND PACKAGING REQUIREMENTS

Preservation

None

None

None

None

None

None

None

None

None

None

None

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.

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

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
by

In

In
by

In
by

In
by

In

cans and surround!

vermiculite,

cans and surrounded
vermiculite.

cans and surrounded
vermiculite.

cans and surrounded
vermiculite.

cans and surrounded

vermiculite.

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

Cyanigde

Container per Sample

Two 1/2-gallon glass amber
bottles (teflon-lined
caps). Fil1l bottle to
neck.

Two 40-ml volatile organic
analyses/VOA vials. Fill
completely, no air
bubbles.

One 1l-1liter high density
polyethylene bottle. Fill
to shoulder of bottle.

One l-liter high density

polyethylene bottle. Fill
to shoulder of bottle.

One 1-liter high density
polyethylene bottle. Fill
to shoulder of bottle.

Four 32-o0z. wide mouth
glass jars. Fill 3/4
full,

Two 40-ml volatile organic
analyses (VOA) vials.

Fi1l1 completely, no
headspace.

One 16-o0z. wide mouth
glass jar. Fill 3/4 full,

One 16-0z. wide mouth
glass jar. Fill 3/4 full.

One 16-0z. wide ‘mouth
glass jar. Fill 3/4 full.

Table D-2 (Page 2 of 3)

Preservation

Must be iced to 4°C

Must be iced to 4°C

Filtered samples
HNO3 to pH <2

Unfiltered samples
HNO3 to pH <2

Unfiltered sample

None

None

None

None

None

Holding Time

S 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

Packaging

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.

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

T0C, COD, ammonia

Phenol

GLT595/37

Container per Sample

One 8-0z. wide mouth glass
jar. Fill 1/2 to 3/4
full.

One 8-0z. wide mouth glass
jar. F111 1/2 to 3/4
full.

Two 1-liter polyethylene
bottle. Fill to shoulder
of bottle.

One 1-liter polyethylene
bottle. Fill to shoulder
of bottle.

One 1-liter polyethylene
bottle. Fill to shoulder
of bottle.

Table D-2 (Page 3 of 3)

Preservation Holding Time
None Not Established
None Not Established
Cool to 4°C 48 hours for BOD,
7 days for TSS and
TDS, 14 days for
alkalinity/acidity,
and 28 days for
sulfates
H,50, to pH <2 28 days
cBo1ito 4bC -
10-ml of (CaSO4 + H3P04) 7 days

preservative

Shipping

Overnight carrier with
attached shipper's
certification for
restricted articles.

Overnight carrier with
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-8710033).
The actual number of field replicate samples collected and
field blanks prepared is a function of the number 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 for the surface water VOC
samples and one for the groundwater VOC 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)
samples 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, -and 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 comsist 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: BODS,
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



P

. Re‘ion No. 3

Date October 15, 1987
Page 11 of 14

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 field 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

CHZM 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 CLP protocols. '

Confirmatory Surface Soil Samples

-t

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 commercial 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, dioxin (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.

Confifmatory 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 defined 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 detailed
analysis using the CLP following the evaluation of the TC
results.

The thirty subsurface samples will be analvzed by the CLP
RAS 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 size or
Atterberg limits. ‘
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4.2 SAMPLE PREPARATION, PACKAGING, AND SHIPPING

Table D-2 summarizes the sample containerization 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. 2All 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 samples 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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4.4 SAMPLE DOCUMENTATION

'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
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Appendix E

INSTRUCTIONS FOR FILLING OUT SAMPLE DOCUMENTATION
SAMPLE CUSTODY PROCEDURES
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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 concentration 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. Make or obtain a list of the samples to be packaged and
shipped on the same day and the laboratories to be used.

2. Enter the case number, CRL number, matrix, sample num-
bers, laboratory, date sampled, and date shipped for
each sample on the matrix.

NOTE: 1If 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.

3. Obtain the QC lost numbers of the prelabled containers
for each sample and enter these on the matrix.

4. 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
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10.

11.

12.

13.

that will flt 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.

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).

Enter the airbill numbers on the matrix.

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.

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.)

If the samples are being shipped under a routine analy-
tical service (RAS), determine the number of organics
and/or 1norgan1cs traffic reports that will be needed.
If the.. leg are hlgh.concentratlen, determine the

‘humber  of“high hazard traffic reports FThHat will' K&

needed.

Assign traffic report numbers to each sample and enter
these numbers on the matrix.

Assign tag . numbers to each sample container for each
sample and enter these numbers on the matrix.

Complete traffic reports (of SAS packing lists or CRL
basic data sheets) based on the information provided on
the matrix.

Complete sample tags based on the information provided
on the matrix and the parameters of analysis. Place
tags in groups by sample number.
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15,

16.

17.

18.

Complete chain-of-custody records based on the informa- °
tion provided on the matrix.

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.

Group all the paperwork associated with each cooler in
a separate clip. :

Obtain full signatures 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.

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)

Indicate site name.
Indicate project number.
Enter the cése number.
Enter the CRL number.

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:

SF--Surface Soil
SB--Subsurface Soil
SWO-~-Surface Water, Onsite
SWC--Surface Water, Creek
SDO--Sediment, Onsite
SDC--Sediment, Creek
GW--Groundwater

00000O0O0

Indicate the sample number.
Enter the inorganics traffic report number.
Enter the organics traffic report number.

Indicate the chain-of-custody report number.
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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 airbill number of the shipment.

14, List sample tag numbers éorfesponding 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. Enter the first six digits of the CRL sample identifi-
cation. '

2. Enter the last three digits of the CRL identification
' code.. .

3. Enter date of sampling.

4. Enter time of sampling (military time only).

5. Specify "grab" or "composite" sample with an "X."
6. Insert sample identification code.

7. Obtain signature of sample team leader.

8. Indicate presence of preservative with an "X."

9. 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).
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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.
2a.

2b.

9.

10.
11.
12.
13.

14,

15.

16.
17.
18.

Insert assigned laboratory case number.
Insert CRL sample identification number.-
Insert sample number.

Insert EPA region number (e.g., V).
Insert sample team leader's name.

Insert sample team leader's office telephone number (do
not use field office telephone number).

Insert date sample was taken.
Indicate sample description with an "X."

Insert corresponding organic traffic report number for
the sample (if any).

Specify sample concentration with an "X."

Indicate sample matrix with an "X."

Insert "Federal Express" (or other approved carrier).
Indicate date of shipment.

Indicate airbill number corresponding with the sample
shipment.

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) .

Insert the phrase "QC lot number:" and indicate the
quality control lot number(s) of the container(s).

Insert laboratory name and address.
Indicate name of laboratory contact.

Leave BLANK (for laboratory use only).
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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 numberi(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 thg 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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10.

11.
12.
13.
14.

15.

l6.
17.

18.

Insert sample. number.
Insert EPA region number (e.g., V).
Insert sample team leader's name.

Insert sample team leader's office telephone number (do
not use field office telephone number).

Insert date sample was taken.
Indicate "Federal Express" (or other approved carrier).
Indicate date of shipment.

Indicate airbill number corresponding to sample ship-
ment.

Insert the phrase "QC lot number:" and indicate the
quality control lot number(s) of the container(s).

Indicate sample descriptions with an "X."

List known or suspected hazards.

Indicate approximate volume of sample.

Specify desired'organic parameters to be analyzed for.

Specify desired inorganic parameters to be analyzed for
(strong acid anions include C1, SO4, N03, F).

Insert laboratory name and address.
Indicate name of laboratory contact.

Leave BLANK (or make reference notes for future use).

SAS Packing List (Figure 6)

1.

Insert assigned SAS case number.
Insert EPA region number (e.g., V).
Insert sample team leader's name.

Insert sample team leader's office telephone number (do
not use field office telephone number).

Insert date sample was taken.

Indicate date of shipment.

E-7



U.S. ENVIRONMENTAL PROTECTION AGENCY
CLP Sample Management Office

P.O. Box 818 - Alexandria, Virginia 22313 |
Phone: 703/557-2090 - FTS/357-2490

SPECIAL ANALYTICAL SERVICE
PACKING LIST

#
Sampling Oftice: @ Sampling Due(s)@ Ship To: For Lab Use Only

Sampling Comact:@ Date Shipped: @ Date Samples Rec'd:

(name)

Site Name/Code: Received By:

L3
(phone) \_/

Sampie Sample Description
Numbaers iLe., Analysis, Matriz, Concentration
A A

vy
Far Lab Use Only
Whita - SMO Copy, Yellow - Region Copy, Pink - Lad Copy for return to SMO, Gold - Lab Copy

NQTE: For purposes of illustration forms
are reproduced at 70% of originai
size. '

FIGURE



11.

12,

Insert site name.
Insert laboratory name and address.
Indicate name of laboratory contact.

List SAS sample numbers, which should include the SAS
number. :

Specify sample matrix, concentration, tag number, and A
analysis to be performed (e.g., low concentration soil
sample for PCB analysis, tag number 5-48246).

Leave BLANK (for laboratory use only).

Chain-of-Custody Form (Figure 7)

10.

11.

12,

13.

Enter first six digits of the CRL sample identification
code.

Enter site name and CH2M HILL project number.

Obtain fill signature of sample team leader and signed
initials of active team members (including paperwork
person) .

Enter last three digits of the CRL sample identifica-
tion code.

List sampling dates for all samples.

List sampling times for all samples.

Indicate "grab" or "composite" sample with an "X."
List sample numbers.

Enter number of containers per sample and container
volume (e.g., 2-40 ml).

List analyses individually.

Construct column heading for traffic report number and
list serial numbers for corresponding sample identi-

fication codes.

Construct column heading for "tag number" and list tag
numbers for each sample container.

Obtain signature of sample team leader and carry out
chain-of-custody procedures.
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?
14. State carrier service and airbill number., lab service,
and custody seal numbers:
15. Write in the words "CASE #:" 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 sémples 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-
cil and all corrections 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.).



Figure 8

NOTICE OF TRANSMITTAL

DATE:
TO: CH2M HILL, REM/FIT OFFICE, Region V=X (WI)
310 West Wisconsin Avenue, Suite 700
P.0O. Box 2090
Milwaukee, Wisconsin 53201
Attention: Shirley Stringer
FROM: (1) / (2)

Name Firm

CH2M HILL PROJECT NO.:

Enclosed are appropriate copies of the sample documentation

forms completed under Case # (3) « for the
(4) , 19(4), shipment of (5) (6)
Quantity Matrix
samples from the (7) site
located in (8) ’ (8)

GLT683/28



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 dlstlnctlon 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



documents are to be destroyed or thrown away, even if they
are illegible or contain inaccuracies. that. requlre 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).

e} .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.

5. Enter the Superfund D.U. number.

6. Enter the EPA RPM.
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7. Enter the CERCLIS number.
8. Enter the page numbers.
9. Enter the CRL numbers.

10. Enter the organic or inorganic traffic 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 pravided below.

Low-Concentration 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).



11.

12,

13.

14.

15.

l6.

(o} Place appropriate traffic reports, SAS packing
lists, or Regional field sheets and chain-of-
custody records with corresponding custody seals
on top of each cooler.

Arrange decontaminated sample‘containers.in groups by
sample number.

Mark volume levels on bottles with a grease pencil.

Secure appropriate sample tags around caps/lids of con-
tainers with string or wire.

Secure container caps/lids with strapping tape.
Arrange containers in front of assigned coolers.

Affix appropriate adhesive labels from assigned traffic
report to each container. Protect with clear label
protection tape.

Seal each container within a separate plastic bag.
Arrange containers in coolers so that they do not touch.

If ice is required to preserve the samples, cubes should
be repackaged in double zip~loc bags, and placed on and
around the containers (especially on VOA vials).

Fill remaining spaces with vermiculite (or place poly-
foam liner cover on top of samples).

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. -

Separate copies of forms. Seal proper copies within a
large zip-loc bag and tape to inside 1id of cooler.
Distribute remaining copies as indicated in the follow-
ing sections.

Close 1id and latch.

Carefully peel custody seals from backings and place
intact over 1id openings (right front and left back).
Cover seals with clear protection tape.

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.



CUSTODY SEAL

MAILING LABEL

/‘ CUSTODY SEAL

o |4
#*f
s
.%OVER

DRAIN

CLEAR LABEL
PROTECTION
TAPE

STRAPPING
TAPE

FIGURE

10



®
17. Relinquish to Federal Express. Place airbill receipt
inside the mailing envelope and send to the sample

documentation coordinator, along 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 (sﬁbject 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.0.S5." or "Flammable Solid N.0.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 1id with metal clips.

E-14
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o Write the.traffic report number on the-1lid.

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
it. :

(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.



I /.

2. Complete the special shipping bill for restricted arti-
cles (Figures 11 and 12).

o

GLT595/30

Under Proper Shipping Name, write "Hazardous Sub-
stance, NOS." and "liquid" or "sqlid", as applicable.

Under Class, write "ORM-E."

Under Identification No., write NA#9188.
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; Appendix E=-2
' SAMPLE CUSTODY PROCEDURES

5 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;
; e} 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 PROCEDURES

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. 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 possible should handle the samples.

- -

B. All bottles will be tagged with sample numbers and
locations. The Sample Management Office (SMO) num-
ber and stickers will be affixed.

C. 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.

Lo D. The contractor's site manager must review all field
activities to determine whether proper custoedy
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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 irregqgularity 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. 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.

cC. 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.

D. 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.

E. 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 holdlng 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. Sampies are delivered to thé 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.

GLTS595/49
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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 “Received by" space. The Sample Custodian
also signs 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).

1, 2, 3 - Self-explanatory.

4 - “Matrix" refers to a brief sample description, such as
"water," “0il," "mud," etc. Parameter is self-
explanatory.

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 should 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.
11 - The analyst initials the correct column,.
12, 13 - The Sample Custodian enters the date and time..
When a sample is transferred from one analyst to another
within the CRL, both analysts initial the back of the custody tag.
They also enter the date and time.
e.g.;: AJ to DM, 9/12/82, 15:30

(It is not necessary to return 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-explanatory.

18. - The Sample Custodian stores the sample in a
custody area. The location is entered in 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., : “"Sample was broken. 10/1/82, AJ"
"Sample was used up. 10/1/82, AJ"
“Insufficient sample. 10/1/82, AJ"

Even if 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, logs in all of the samples, and
then repacks those samples which will 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 D1v1s1on (ESD) or
National Contract Laboratory Protocols.

The Sample Custodian logs all 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 sh1pper and the
airbill number.

e.g.,: "Emery, #9011625"

A-2
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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 in 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 énters “field."
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.

" A-3
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Razardous Substance List (HSL) and
Contract Required Detection Limits (CRDL)**

Detection Liﬁits*
Low Water< Low Soil/Sedimentc?

1':: . jl::-u_ ‘i::.“_ Jl::“i il:: . ‘[::MH il::.

E oBF ok S i oEk ol o

| galls gually

Volatiles CAS Number ug/L . . ug/Kg
1. Chloromethane 74-87-3 10 : 10
2. Brcomomethane 74-83-9 10 10
3. Vinyl Chloride 75-01-4 10 ‘ 10
4. Chloroethane 75-00-3 10 10 -
5. Methylene Chloride 75-09-2 5 s
6. Acetone 67-64~-1 ' 10 10 .
7. Carbon Disulfide : . 75=15=0 -5 S
8. 1,1-Dichloroethene 75=35=4 5 S
9. 1,1-Dichloroethane 75-35-3 5 S
10. trans-1,2-Dichlorocethene 156-60-5 5 5
11. Chloroform 67-66-3, 5 5
12. 1,2-Dichlorcethane 107-06-2 5 5
13. 2-Butanone 78-93-3- 10 10
l4. 1,1,1-Trichloroethane 71-55=6 S S
15. Carbon Tetrachloride 56=-23=5 5 5
16. Vinyl Acetate 108-05-4 : 10 10
17. Bromodichlorometchane 75=27=4 5 S
18. 1,1,2,2-Tetrachloroethane 79=34-5 5 S
19. 1,2-Dichloropropane 78-87-5 S S
20. trans-1,3-Dichloropropene 10061-02-6 5 S
21. Trichloroethene . - 79-01-6 5 5
22. Dibromochloromethane 124-48-1 5 5
23. 1,1,2-Trichloroethane 79-00-5 S S
24. Benzene 71=43=2 5 5
25. eis-1,3-Dichloropsopene 10061-01-5 5 5
(contcinued)



Detection Limicg®
Lov Waterd Low Soil/Sedizents

Volatiles , _ CAS Number _ug/L ug/Kg
26. 2-Chlorocethy} Vinyl Ether 110-75-8 10 10
27. Bromoforam 75=25-2 b [}
28. 2-Hexanone 591=78=6 10 10
29, 4~Methyl=2-pentanone 108=10=1 10 10
30. Tetrachlorcethaene 127-18=4 s s
3l. Toluene 108-88-3 S s
32. Chlorobenzens 108=90-7 s s
33. Ethyl Benzene 100=41=4 S 5
34. Styrene 100=42-5% S S
35. Total Xylenes S s

avediuc Water Contract Required Detection Limics (CRDL) for Volatile HSL
Compounds are 100 times the individual Low Wacer CRDL.

bvgdium Soil/Sediment Contract chufred Detection Limits (CRDL) for Volatile
BSL Compounds are 100 tizmes the iandividual Lov Soil/Sediment CRDL.



Detection Limicse
Lov Water® Low Soil/Sedizen:<

Semi-Volatiles CAS Number ug/L ug/Kg
36. Phenol , 108-95=2 10 330
37. bis(2=Chloroethyl) ether 111=b4=4 10 330
38. 2=Chlorophenol 95-57-8 10 130
39. 1,3=Dichlorcbenzene 3541=73=1 10 330
40. 1,4=Dichlorobenzene 106=46=7 10 330
41. Benzyl Alcohol 100=51~=6 10 330
42. 1,2=Dichlorobenzene 95=50-1 10 130
43. 2=Methylphesnol 95=48=7 10 130
44, bis(2=Chloroisopropyl) .

ether - 39638-32-9 i0 330
45. 4=Methylphenol 106=44=5 10 330
46. N=Nitrosc=Dipropylamine 621=64=7 10 . 330
47, Hexachlorcethane 67=72~1 10 330
48. Nitrobenzene 98=95=3 10 330
49. lsophorone 78=59=1 10 330
50. 2=-Nitrophenol 88=75=5 10 330
S1. 2,4=Dimecthylphencl 105=67=~9 10 330
52. Benzoic Acid ' 65-85-0 50 1600
$3. bis(2-Chloroechoxy)

zethane 111-91-1 10 330
5S4 2,4=Dichlorophencl 120=83=2, 10 330
$5. 1,2,46=Trichlorobenzene 120-82-1 10 330
56. Naphthalene 91=-20=3- 10 330
57. 4=Chlorocaniline 106=47=8 10 - 330
58. Hexachlorocbutadiene 87-68=3 10 330
$9. 4=Chloro=3-methylphenol

(para=chlorc=neta=cresol) 59=30-7 10 330
60. 2-Methylnaphthalene 91=57=6 10 330
61. Hexachlorocyclopeantadiene 17=b7=b 10 330
62. 2,4,6=Trichlorophencl 88-06=2. 10 330
63. 2,4,5=Trichlorophencl 95=95=4 50 1600

(continued



Detection Limits®
Lov Water® Lowv Soil/Sedizence

Semi-Volatiles CAS Number ug/L ug/Kg
64. 2=Chloronaphthalene 91=-58=7 10 130
65. 2=Nitroaniline 88=74=4 L 1600
66. Dimecthyl Phthalate 131=11-3 10 330
67. Acenaphthylene 208-96-8 10 130
68. 3=-Nitroaniline 99=09=2 s0 1600
69. Acenaphtheane 83=32-9 10 3130
70. 2,4=Dinstrophencl 31=28=3 50 1600
71. 4=Nicrophenol 100-02-7 50 1600
72. Didenzofuran 132-64-9 10 330
73. 2,4=Dinicrotoluene 121=14=2 10 ..330
74, 2,6=-Dinizroctoluene 606-20=2 10 330
75. Diethylphthalace ! 84=66=2 10 .330.
76. 4=Chlorophenyl Phenyl ' ' C

ether 7005=72=3 10 330
77. Fluorene 86=73=7" 10 330
78. 4=Nitroaniline 100=01~-6 b o] 1600
79. 4,6=Dinitre=2-nechylphehol 334-=352-1 50 1600
80. N-nitrosodiphenylamize 86=10=6 10 330
81. 4=Brcmophenyl Phenyl ether 101-535-3 10 330
82. Hexachlorobenzene 118=74=1 . 10 330
83. Pentachloraphencl 87-86-5 50 1600
84 . Phenanthrene 85=01-8 10 330
8S. Anthracene ) 120-12-7 10 330
86. Di-n=butylphthalate 84=74=2 10 330
87. Fluoranthene . 206=44=0 10 330
88. Pyrens 129=00=0 10 330
89. Butyl Benzyl Phthalace 85-68=7 10 330
90. 3,3'~Dichlorobenzidine 91l=94~} 20 660
91. Benzo(a)anthracene §6=55=3 10 - 330
92. bis(2=sthylhexyl)phthalate: 117-81-7 10 330
93. Chrysena T 218-01-9 10 330
94, Di-n=octyl Phthalate 117-84=0 10 330
95. Benzo(d)fluoranthene 205-99=2 10 330
96. Benzo(k)fluoranthens . 207-Q8-9 10 330
97. Benzo(a)pyrens : 50=32-8 .10 100-

(continued)



. Detection Limits*
Lov Waters '~ Low Soil/Sedigent?

Semi-Volatiles CAS Number ug/L ug/Kg
98. Indeno(l,2,3=cd)pyrene 193-39=5 10 330
99. Dibdenz(a,h)anthracene 53=70-3 10 ) 330
100, Bcnzo(g,h,i?pcrylcnc 191=24=2 10 330

CMedium Water Contract Required Detection Limits (CRDL) for Semi-Volatile
HSL Compounds are 100 times the individual Low Water CRDL.

duedium Soil/Sediment Contract Required Detection Limits (CRDL) for Semi-
Volatile HSL Compounds are 60 times the individual Low Soil/Sediment CRDL.



Detection Limics®
Lov Water® Low Soil/Sedicenc®

Pesticides CAS Number __ug/L ug/Xg
101. alpha=BEC 319-84-6 0.05 8.0
102. beta-BHC 319=-85=7 0.0S 8.0
103. delta=BHC . 319-86-8 0.05 8.0
104. gemma-3HC (Lindane) 58-89-9 . 0.08 §.0
105, Heptachlor 76448 0.058 8.0
106. Aldrin 309-00=2 0.05 8.0
107, Heptachlor Epoxide 1024=57=3 - 0.08 8.0
108. EZadosulfan 1 959-98-8 : 0.05 8.0
109. Dieldrin 60=57=1 0.10 16.0
110, 4,4'«DDE 72-55=9 0.10 16.0 N
111. Eadrin 72-20-8 0.10 16.0
112. Endosulfan 1I 33213=65-9 0.10 16.0
113. 4,4°=DDD 72=54=8 0.10 16.0
114. Endosulfan Sulfate 1031=Q7-8 0.10 16.0
115. 4,4'-DDT . 50=29=3 0.10 16.0
116. Endrin Ketone $53494=70=3 0.10 16.0
117. Methoxychlor 72=43=5 0.3 80.0
118. Chlordane 57=74=9 - 0.5 80.0
119. Toxaphene 8001-35=2 1.0 160.0
120. AROCLOR=1016 12674~11-2 Q.5 . 80.0
121. AROCLOR-1221 11104=-28=2, 0.5 80.0
122. AROCLOR-1232 11141=16=5" 0.5 80.0
- 123. AROCLOR=1242 53669=21-9 Q.5 80.0
124. AROCLOR=-1248 12672=29=6 0.5 80.0
125. AROCLOR=-1234 11097=69=1 1.0 160.0
126. AROCLOR=~1260 11096-82-5 1.0 160.0

$Medlun Water Contract Required Detection Limits (CRDL) for Pesticide HSL
Compounds. aze 100 times: the: individual Lowv Water CRDL.

fMediun Soil/Sediment Concract Required Detaction Limits (CRDL) for Pescicide
HSL compounds are 15 tides the individual Low Soi{l/Sediment CROL.

*Detection linits listed for soil/sediment ars based oo vet veight. The decec~-
tion limits calculated by the ladoracory for soil/sediment, calculated om dry
veight basis, as requifed by the contract, vill be higher.

*% Specific detection limits are highly matrix dependent. The detection
limits lisced herein aze provided for guidance and may not alvays bde
achievable.



¢

Table |, Llements Determined by laductively Coupled
Plaszs Imission or Actomic Absorption Spectroscopy:

Contract Required
Detecticn Lavell,?

Element (ug/L)
Aluzinum 200
. Antimony 60
Arseaic 10
Barium 200
Berylliua S
Cadaiun S
Calcium : 5000
Caromium total (+3, +6) 10
Cobalt 50
Copper s
Izen 100
) PYY 'S
Magnesiuam 5000
Mangansse 13
Marcury .02
Nickal 40
Potassium 5000
Seleniun S
Silver 10
Sodiun 5000
Thallium 10
Vanadius 30
Ziae . 20






