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of the sandblasting material beneath and near the Yard 1 facility. This
data evaluation report is based on the information obtained during the
January 1991 site study conducted jointly by UNIMAR, GeoEngineers and
FishPro.

Information and conclusions contained in our report are based on our
field observations, chemical analytical results and an evaluation of the
data with regard to current regulatory guidelines.
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GeoEngineers, Inc.

James A. Miller, P.E.
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INTRODUCTION

The results of our environmental sampling investigation of the bottom
sediments and water at the Lake Union Yard 1 Dry Dock facility are presented
in this report. The Yard 1 facility is located along the north shore of
Lake Union in Seattle, Washington. The UNIMAR (Unimar International, Inc.
and United Marine Shipbuilding, Inc.) facility was formerly owned and
operated by WFI Industries, Inc. and MPE (Marine Power and Equipment
Company, Inc). The facility has been operated by UNIMAR and it'’s predeces-
sors since 1967. Four to six dry dock facilities of various capacities have
been in operation at the site since the mid-1950s. The two largest dry
docks at the site reportedly began operations between 1979 and 1982. Four
dry docks were operated at the Yard 1 facility (Figure 1) during the field
sampling program. Three dry docks (#2, #9 and #6) are presently operated
at the Yard 1 Facility (dry dock #8 has been removed). The dry docks are
used for ship construction and repair, which usually include sandblasting
and painting operations. Sandblasting grit and paint residue have
accumulated on the bottom of Lake Union in and near the dry docks as a
result of past operations and practices. Various types of sandblasting
materials (river sand, silica sand and sandblasting grit) have been used at

the facility during past operations.

PREVIOUS ON-SITE INVESTIGATIONS

The EPA (Environmental Protection Agency) collected 137 bottom sediment
cores at the Yard 1 facility to estimate the extent of the sandblasting
materials on the lake bottom. Sediment core logs, analytical results and

bioassay results are presented in EPA’s draft report "Marine Power and

Equipment, Technical Status Re " d

Additional sampling (32 sediment cores) and analysis of the bottom
sediment were wundertaken by MPE - to further characterize the bottom -

sediments. The sediment core logs and analytical results for the MPE
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sampling are presented in GeoEngineers’ "Report of Environmental
7 _Consultation, Bottom Sediment Conditions, Marine Power and.Equipment, Yard 1

Dry Dock Facility, Seattle, Washington, " dated June 1, 1988.

"~ A previous GeoEngineers analysis of sandblasting material estimated
approximately 5,300 cubic yards of potentially contaminated sediment on the

lake bottom at the Yard 1 facility. The estimate of sandblasting material
volume has been updated to approximately 6,500 cubic yards in-place. The
spproximate distribution of the sandblasting material is Presented in
Figure 2. This estimate has been compiled from data collected during past
studies conducted by the EPA and GeoEngineers and has been updated to

include the January 1991 sediment core data.

INDUSTRIAL IMPACTS IN LAKE UNION

The 1916 completion of the Montlake Channel and Hiram M, Chittenden
Locks provided navigable passage from Lake Washington through Lake Union to
Puget Sound and accelerated the rise of commercial and maritime industries
along the shoreline. A report completed for the Washington State Pollution
Commission in 1943 1listed 45 industries along the shoreline of the
Lake Union and the Lake Washington Ship Canal. Twenty of the 45‘industries
were listed as sources of pollution, not including the marinas and boat
yards. The industries included 10 marine shops and metal foundries;
10 lumber and plywood mills; 12 fuel and oil storage and service facilities
shops; eight sand, gravel, concrete and asphalt companies; the Seattle City
Light Power Plant; and Gas Works Park (formerly Seattle Gas Plant), which
was listed as the worst source of lake water pollution. Numerous studies
have been completed for characterizing the extent of contamination at
Gas Works Park, including the bottom sediments of Lake Union. A general
summary of studies performed at Gas Works Park is presented at the end of
this report.

A 1977 report, "A Baseline Study of the Water Quality, Sediments, and
Biota of Lake Union," by Richard Tomlinson and others completed for METRO
(Municipality of Metropolitan Seattle) describes the envirommental impacts
to Lake Union. Prior to 1960, raw Sewage and stormwater outfalls discharged
polluted water directly to Lake Union through numerous combined stormwater
and sewage outfalls that often became overloaded with flow during rainfall
events. Most of these outfalls were upgraded with the creation of Metro in
the early 1960s, but 19 were still reported in use as of 1986, These
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combined outfalls discharged a total of more than 450 million gallons of raw

- sewage and -stormwater into- Lake Union annually.- The poor water quality

emanating from these outfalls is a result of pollution associated with urban

runof ouses, city streets, highways and paved areas), accidental spills,
improper disposal practices and previously unregulated material storage and
handling practices. The pollutants detected in samples collected from these
combined outfalls include‘heavy metals, PCBs (polychlorinated biphenyls),
0il and grease, nitrate, phosphate, coliform bacteria and pesticides.

It has been suggested that ground water discharging from upland
contaminant sources such as Gas Works Park may be contributing pollutant
loadings to the sediments on the lake bottom. It was reported in the METRO
report that 68 percent of the total lead in Lake Union sediments enters the

lake via atmospheric fallout and rainfall.

SCOPE OF WORK

The purpose of this study is to further characterize the chemical
characteristics and toxicity of bottom sediments at the UNIMAR Yard 1 Dry
Dock facility. Samples were collected from the bottom sediments and
subsurface waters of Lake Washington, Lake Union and the Yard 1 Dry Dock
facility. These samples were tested for the chemical constituents and
biological test methods as described in the QA/QC plan (FishPro, QA/QC Plan
for Sediment and Water Sampling at UNIMAR Yard 1 Dry Dock Facility, Seattle
Washington, August 1990) and evaluated to détermine the envirommental risk
associated with the sandblasting materials. The scope of services completed
during this investigation includes the following:

1. Collect sediment core samples from nine sampling stations located

in Lake Union, Lake Washington and the Yard 1 Dry Dock facility.
Collect one duplicate sediment sample at a random location within
the Yard 1 Dry Dock facility.

2. Collect two horizontal discrete depth water samples from locations
in Lake Union (one background sample and one site-specific sample)
and collect one duplicate sample at the sample location within the
Yard 1 Dry Dock facility.

3. Collect rinseate water blanks from the sampling equipment prior

to start of sampling and between sampling locations to document

sample equipment decontamination procedures.
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4, Submit the water and sediment core samples, along with all
appropriate chain-of-custody documentation, to an analytical

laboratory for testing.

5. Test sediment and water samples for the analyses specified in the
QA/QC plan.
6. Evaluate and characterize the toxicity of the sediments based on

the data compiled from the analytical testing results.

7. Combine the results of the chemical analyses with the biocassay and
benthic survey to determine the enviromnmental significance of the
sediment characteristics.

8. Address the conceptual remedial plans with regard to corrective
action, no action, and environmental concerns.

The chemical analytical results were evaluated based on background data
compiled from the Lake Union and Lake Washington sediment samples, PSDDA
(Puget Sound Dredge Disposal Analysis) guidelines, and evolving fresh water
sediment regulations. The sediment core sampling, equipment decontam-
ination, and field blank sample procedures are presented in Appendix A. The
sediment core logs are presented in Appendix B. The analytical testing
results are presented in Appendix C. A copy of the analytical testing

method used for the analysis of tributyltin is presented in Appendix D.

FIELD STUDIES
SEDIMENT SAMPLING

A total of 42 samples from nine sediment core stations were sampled
with a Shelby Tube (5-foot-long stainless steel tube that was hand-driven
into the sediment by a SCUBA diver) and a Van Veen sampler to evaluate the
toxicity and chemical characteristics associated with the lake bottom
sediments. Two to 12 discrete sediment samples were collected from each
core station according to the sample intervals specified in the QA/QC plan.
The sediment samples were collected in intervals ranging between 0.3 feet
and 4.7 feet. Sediment stations 1 through 7 are located at the Yard 1 Dry
Dock fadcility (Figures 1 and 2) and stations 8 and 9 are located in
Lake Union (Figure 3) and Lake Washington (Figure 4), respectively.
Duplicate sediment sample 11 was collected at station 6. A description

summary of the sediment sampling procedures are presented in Appendix A.
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WATER SAMPLING

‘Two discrete water samples were collected with a horizontal Beta

sampler 1 foot above the lake bottom mudline at stations 2 (sample 2A) and 8

(sample 8A). In addition, duplicate water sample 12 was collected at
station 2. A total of six rinseate samples were collected from the Shelby
Tube, Van Veen and Beta samplers prior to the start of sampling and at one
sampling station. Presampling rinseate blanks were collected for the Shelby
Tube (10A) and the Van Veen (10C) at station 9 and for the Beta sampler
(10E) at station 8. Sampling rinseate blanks were collected for che Shelby
Tube (10B), Van Veen (10D) and Beta samplers (10F) during sampling at
stations 6 and 7. ' »

Two of the sediment samples (2C and 8C) were partitioned into separate

interstitial water and sediment samples by the analytical laboratory.

DEVIATIONS FROM PROPOSED SAMPLING PLAN
SEDIMENT SAMPLING

The deviations from the proposed QA/QC plan for the sediment sampling
include relocating sediment sampling stations 1, 2, 4, 6, 7, and 9, and
accepting less than a full sample core at statiom 9.

~ Sediment sampling station 1 was relocated approximately 30 feet to the
south to provide acceptable recovery for the Van Veen and Shelby Tube
samplers. The proposed station 1 had numerous pieces of debris that made
obtaining a representative sample in the Van Veen impossible. The Shelby
Tube fepeatedly encountered refusal at a depth of approximately 1.5 feet and
could not be driven to the required depth.

Sediment sampling station 2 was relocated approximately 20 feet to the
west to allow better access for sampling with the Van Veen from the sampling
platform (floating crane barge). The proposed station was located in an
area with limited working area and difficult access because of the close
proximity of dry dock 3 and a nearby vessel.

Sediment sampling station 4 was relocated approximately 25 feet to the‘
west to allow the sampling platform to be docked alongside dry dock 6. The
relocation allowed for better accessibility for the diver and the Van Veen
sampler.

Sediment sampling stations 6 and 7 were relocated 25 feet and 15 feet,
respectively, closer to the eastern shoreline bulkhead because of the

positioning of the sampling platform.

5
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Sediment sampling station 9 was relocated to the north end of
- Lake-Washington to provide for a more representative background sample-

location. The maximum length of the sediment core recovered at station 9

was 2.6 feet after three cores recoveries of 2.5 feet were considered
unacceptable. This length was less than the accepted criterion of 3.5 feet
for the core sample recovery. The core was repeatedly driven to the 5-foot

depth, but the full length of the core could not be recovered.

WATER SAMPLING

Duplicate water sample 12 was not collected immediately after water
sample 2A was collected. Water sample 2A was collected prior to sampling
the sediments with the Van Veen and Shelby Tube samplers. The duplicate
water sample was collected at station 2 four days after the sediment

sampling was performed.

ANALYTICAL TESTING METHODS
SUMMARY OF ANALYTICAL METHODS

Forty-two sediment samples were analyzed by ATI (Analytical
Technologies, Inc.) of Renton, Washington, for various analytes including
metals, semivolatile organic compounds (BNAs [base/neutral acid extract-
ables] and PAHs [polynuclear aromatic hydrocarbons]), TPH (total petroleum
hydrocarbons), PCBs (polychlorinated biphenyls) and moisture. Eleven of
the 42 sediment samples were tested by TCLP (toxicity characteristic
leaching procedure) for metals to evaluate the leaching potential of metals
from the sediments. The laboratory analytical methods are presented on
pages 2 and 3 at the front of each section of the certified analytical
reports in Appendix C. _

Three discrete water samples were tested by ATI for total metals and
hardness and were submitted to their subcontracted laboratory (Tox Scan

AInc., Watsonville, California) for analysis of butyltin species, in
particular, TBT (tributyltin). Two sediment samples were centrifuged to
separate the interstitial water from the sediment. The water samples were
later analyzed for total metals and TBT. The laboratory methods for the

water analyses are presented on pages 2 and 3 at the front of each section

of the certified analytical reports in Appendix C. A complete description
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of the laboratory method used for analyzing TBT, "Measurements of Butyltin
Species in Sediments by n-Pentyl Derivation with (GC/MS) Gas Chromatography/

Mass Spectrometry," is presented in Appendix D.

DEVIATIONS FROM THE PROPOSED WORK PLAN FOR SAMPLE ANALYSES

Two sets of sediment samples, 1B and 1C, were collected from station 1
on separate days and recorded on separate chain-of-custody sheets (lab
IDs 9101-191-11 and -12, aﬁd 9101-203-1 and -2). The first set of samples
was not analyzed because of insufficient core recovery. The precise
sediment core sample interval for the first set of samples was questionable
because a rock had blocked the core barrel. The second set of samples
collected from station 1 was submitted for analyses. Sample 1C of this set
was mistakenly recorded on the second chain-of-custody sheet; therefore,
this sample was analyzed for PCBs and not PAHs. This error was not
discovered until after the holding times expired.

Sediment sample 8D was not analyzed for the proposed list of analyses
specified in the QA/QC plan because the sample éuantity was insufficient.
Sample 8D was analyzed only for the metals on the metals screen list in the
QA/QC plan. Sediment sample 8C was analyzed for the full suite of testing
as a replacement for 8D.

Sample 8C was centrifuged in the laboratory to separate the inter-
stitial water from the sediment and recorded on page 2 of the chain-of-
custody sheet as samples 8C water (lab ID 9101-167-15) and 8C sediment (lab
ID 9101-167-16). The sediﬁent portion of sample 8C was analyzed for the
analyses specified for 8D, including TPH, PAHs and BNAs, PCBs, total metals
and TCLP metals. The interstitial water portion of sample 8C was analyzed
for total metals and TBT.

Sample 8F was not analyzed for PAHs because the sample quantity was
insufficient. Sample 8F was analyzed for TPH and metals.

The detection limits specified in the final QA/QC plan for copper and
silver (0.002 mg/l) were not met by the laboratory because of a commun-
ications error in reporting the required detection limits to the laboratory.
It was not possible to reanalyze the water samples because the samples were

disposed of before this error was discovered.

DEVIATIONS FROM THE PROPOSED WORK PLAN FOR ANALYTICAL TESTING METHODS

Three of the proposed analytical laboratory test methods  (hardness,
EP Toxicity and TBT) were replaced with alternative or updated methods

7
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during the investigation. The proposed analytical test for hardness
—- (EPA-Method-130.1); which-is performed by -automatic titration,; was replaced -
by EPA Method 130.2, which is performed by manual titration. The proposed

leaching procedure for metals analysis, EP toxicity was replaced by the new
TCLP (toxicity characteristic leaching procedure) for metals. Theses two
replacement procedures were approved by the EPA before beginning the study.
The proposed analytical method for TBT analysis by Atomic Absorption/Hydride
was replaced with an updated method for TBT analysis, "Measurements of
Butyltin Species in Sediments by n-Pentyl Derivation with GC/MS."™ The
request for changing this method was documented in the January 17, 1991
letter to the EPA from GeoEngineers. Verbal approval for the updated TBT
analytical method was granted in the field during a site visit by the EPA.

The detection limits specified in the final draft QA/QC plan for silver
and copper (0.002 mg/l) in water samples were not met by the analytical
laboratory because of a communications error in reporting the final required

detection limits to the laboratory.

SAMPLE INTEGRITY

All samples were immediately placed on ice upon collection, placed in
insulated shipping containers, and delivered to the laboratory with chain-
of-custody seals intact and containing all compieted chain-of-custody
paperwork.

Samples 1B through 1H, 3A and 3B, sampled on Friday, January 25, 1991,
arrived at the laboratory on Monday, January 28, 1991 with unfrozen ice
packs (lab ID 9101-203). This shipping container was sealed with fresh ice
packs on Friday evening, but did not arrive at the laboratory until Monday
morning with the COC seals intact. All other samples arrived at the

laboratory cold and intact.

QA/QC SAMPLE VALIDATION

Overall, the QA/QC data indicate that the accuracy and reproducibility
of the samples were acceptable. All soil and water samples were extracted
and analyzed within the recommended holding times with the exception of
mercury, which was tested after the 28-day holding time during the TCLP
metals analyses. The TCLP testing procedures specified in the QA/QC plan

required the samples to be air-dried 60 days before extraction.
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Low concentrations of copper and zinc were noted in the sediment sample
reagent blanks for two -of the batch analyses.  These low levels do not

represent a significant deviation from the recommended QA/QC procedures.

No contaminants were reported in the water sample reagent blanks.

There were some general matrix interference problems noted in a few of
the énalytical batches, which were indicated by percent recoveries that were
out of the control limits for mercury and zinc.

The QA/QC data for the PCB analyses were well within all acceptable
limits for surrogate recoveries and no contamination was detected in the
reagent blanks. The detection limits for sediment samples for stations 6 and
7 were elevated as a result of the significant levels of contamination
present in the matrix.

The QA/QC data for the TPH analyses were within acceptable limits and
no contamination was detected in the reagent blank samples.

The QA/QC data for the PAH analyses were within acceptable limits for
the surrogate recoveries and no contamination was reported in the reagent
blank samples. The QA/QC data for the BNA analyses were generally within
acceptable limits. The accuracy of EPA Methods 8270 and 8310 was demon-
strated in sample 8C, which was analyzed by both methods and attained
similar results. Surrogate recoveries were generally within acceptable
limits. Tentatively identified compounds were reported at very low
concentrations in some of the reagent blanks.

The QA/QC data for the TCLP metals analyses were within acceptable
limits and no contamination was reported in the reagent blank.

A total of six field rinseate samples were collected prior to the first
sampling attempts (10A, 10C and 10E) and during the field study (10B, 10D
and 10F) to confirm decontamination procedures. The results of the
analytical testing for the equipment blanks are presented in each analytical

summary section.

SUMMARY OF ANALYTICAL TESTING RESULTS--SEDIMENT SAMPLES
METALS

Quantification of metals in the sediment samples was performed by
analyzing the samples for either total metals (arsenic, barium, cadmium,
chromium, copper, lead, mercury, nickel, selenium, silver and zinc) or the

metals on the metals screen list (cadmium, copper, lead, and zinc). A

summary of the metals analyses for sediment samples is presented in Table 1.
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The following sections present the general trends in the sediment concen-
--trations - of - the background -samples- compared to the on-site samples.

Duplicate sample 6A, designated sample 11, is included in the evaluation but

will not be referenced unless a significant difference is noted between the
two samples.
Arsenic:

Background Sampling Stations 9 and 8 - Arsenic was detected in

background Lake Washington sediment samples 9A and 9B at concentrations of
8.9 mg/kg (milligrams per kilogram) and 2.3 mg/kg, respectively. The
arsenic concentrations detected in background Lake Union sediment samples
8B (71 mg/kg) and 8C (24 mg/kg) were approximately nine and ten times
greater than the concentrations found in Lake Washington for similar
sampling intervals.

Sampling Stations 1 Through 7 - Arsenic was detected in the sediment

samples from stations 1 through 7 at concentrations between 150 mg/kg and
3,100 mg/kg in the shallow interval (0 to 0.3 feet) (Figure 5). These
concentrations are significantly greater than background concentrations.
Arsenic detected in the sediment samples in the deep interval (0.3 to
5.0 feet) at stations 3 through 7 ranged from 26 mg/kg to 180 mg/kg (Figure
6), which are generally greater than the background concentrations. The
highest arsenic concentrations (greater than 1,800 mg/kg) were detected at
stations 1, 2, and 4.

Barium:

Background Sampling Stations 9 and 8 - Barium was detected in

background sediment samples 9A and 9B at concentrations of 110 mg/kg and
51 mg/kg, respectively. Barium was detected in the background Lake Union
sediment samples at generally similar concentrations of 92 mg/kg in both 8B
and 8C.

Sampling Stations 1 Through 7 - Barium was detected in the sediment

samples from stations 1 through 7 at concentrations between 32 mg/kg and
380 mg/kg. The highest barium concentrations (greater than 210 mg/kg) were
generally detected at stations 1, 2 and 4. The concentrations detected from
the other stations were generally less than two times the background

results.

10
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Cadmium:

“"Background Sampling Stations 9 and 8 - Cadmium was not detected in the

background sediment samples at station 9. Cadmium was detected in the

background sediment samples from station 8 at concentrations generally
bétween 2 mg/kg and 3.6 mg/kg. However, 12 mg/kg cadmium was detected in
8M, which is from the 4.5 to 4.8 feet interval. The high concentration
detected in 8M shows the possible background range of cadmium concentrations
present in Lake Union.

Sampling Stations-1 Through 7 - Cadmium was generally detected in the

sediment samples from the stations 1 through 7 at concentrations ranging
from 4.4 mg/kg to 27'mg/kg for the shallow interval (Figure 7). Most of the
samples resulted in cadmium concentrations greater than the background
concentrations. The cadmium concentrations in the shallow interval were
generally about two times greater than the concentrations in the deeper
interval (Figure 8).

Chromium:

Background Sampling Stations 9 and 8 - Chromium was detected in

background sediment samples 9A and 9B at concentrations of 39 mg/kg and
32 mg/kg, respectively. Chromium was detected in background sediment
samples 8B and 8C at similar concentrations of 47 mg/kgland 32 mg/kg,
respectively.

Sampling Stations 1 Through 7 - Chromium was detected in the sediment
samples from stations 1 through 7 at concentrations generally ranging from
18 mg/kg to 89 mg/kg. However, a chromium concentration of 230 mg/kg was
detected in sample 2C. Most of the sample results were 1.5 to 2 times
greater than the background results. The deeper interval concentrations are
generally similar to or slightly greater than the background concentrations.

Copper:

Background Sampling Stations 9 and 8 - Copper was detected in
background sediment samples 9A and 9B at concentrations of 38 mg/kg and
15 mg/kg, respectively. The copper concentrations detected in background
sediment samples 8B (170 mg/kg) and 8C (94 mg/kg) were approximately four
and six times the concentrations detected in samples from background station

9 for similar depth intervals. Copper was detected in the discrete

11
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background sediment samples from station 8 at concentrations generally

- between of-12 mg/kg and 180 mg/kg, with a significant decrease (less than
39 mg/kg) below the 3.0- to 3.5-foot interval.

Sampling Stations 1 Through 7 - Copper was detected in the sediment

samples from stations 1 through 7 at concentrations between 230 mg/kg and
5,900 mg/kg in the shallow interval (Figure 9). These concentrations are
significantly greater than background concentrations (9A and 8B). Copper
was generally detected at concentrations exceeding background concentrations
in sediments at stations 3B through 7B, with values between 89 mg/kg and
252 mg/kg in the deep interval (Figure 10). The highest copper concen-
trations (greater than 1,200 mg/kg) were detected in samples from stations
1, 2, 4 and 6. The copper concentrations detected in the sediment samples
from stations 1 and 2 decreased significantly (to less than 100 mg/kg) below
the 3.0-foot (1G) and 4.0-foot (2I) discrete sample depths.
Lead:

Background Sampling Stations 9 and 8 - Lead was detected in background

sediment sample 9A at a concentrations of 68 mg/kg and was not detected in
sample 9B. The lead concentrations detected in background sediment samples
8B (250 mg/kg) and 8C (130 mg/kg) were approximately four to greater than
ten times the concentrations present at background station 9 for similar
depth intervals. Lead was detected in the discrete background sediment
samples from station 8 at concentrations generally between less than
40 mg/kg and 350 mg/kg, with an apparent decrease (to less than 50 mg/kg)
below the 3.0- to 3.5-foot interval.

Sampling Stations 1 Through 7: Lead was detected in the sediment
samples from stations 1 through 7 at concentrations between 210 mg/kg and
2,900 mg/kg in the shallow interval (Figure 11). These concentrations are

.significantly greater than background concentrations (9A and 8B). Lead was
generally detected at concentrations greater than background concentrations
in sediment samples 3B through 7B, with values between 97 mg/kg to 230 mg/kg
from the deep interval (Figure 12). The highest lead concentrations
(greater than 1,700 mg/kg) were detected at stations 1, 2, and 4. The lead
concentrations deteci:ed in the sediment samples from stations 1 and 2
decreased significantly (to less than 100 mg/kg) below the 3.0-foot (1G) and
4.0-foot (2I) discrete sample depths.
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Mercury:

“"Background Sampling Stations 9 and 8 - Mercury was mnot detected in the

background sediment samples at station 9. Mercury was detected in

background sediment éamples 8B and 8C at concentrations of 1.53 mg/kg and
1.18 mg/kg, respectively. The station 8 sample results will be used as
background concentrations for Lake Union.

Sampling Stations 1 Through 7 - Mercury either was not detected or was

detected in sediment samples from stations 1 through 7 at concentrations
ranging from 0.80 mg/kg to 1.52 mg/kg. The sample results show no
significant difference compared to the Lake Union background concentrations
for mercury.

Nickel:

Background Sampling Stations 9 and 8 - Nickel was detected in

background sediment samples 9A and 9B at concentrations of 41 mg/kg and
31 mg/kg, respectively. Nickel was detected in the background sediments
samples from 8B and 8C at slightly greater concentrations of 48 mg/kg and
49 mg/kg, respectively.

Sampling Stations 1 Through 7 - Nickel was generally detected in

sediment samples from stations 1 through 7 at concentrations ranging from
13 mg/kg to 78 mg/kg; the greatest concentration (130 mg/kg) was detected
in sample 2C. Most of the sample results generally were less than 1.5 times
the background results. The deeper interval sample concentrations were
generally slightly greater than the background concentrations with the
exception of the samples from station 3, which were less than 0.5 times the
background concentrations.

Selenium:

Sampling Stations 1 Through 9 - Selenium was not detected in the
background sediment samples or in the Yard 1 Dry Dock samples.
Silver:

Sampling Stations 1 Through 9 - Silver was not detected in the

background sediment samples but was detected at concentrations of 2 mg/kg
to 4.7 mg/kg in sediment samples from stations 1 through 4.
Zinc:

Background Sampling Stations 9 and 8 - Zinc was detected in background
sediment samples 9A and 9B at concentrations of 120 mg/kg and 44 mg/kg,

respectively. The zinc concentrations detected in background sediment
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samples 8B (340 mg/kg) and 8C (260 mg/kg) were approximately three to six
times greater than the concentrations present in samples from background

station 9 at similar depth intervals. Zinc was detected in the discrete

background sediment samples from station 8 at concentrations between
39 mg/kg and 430 mg/kg, with an apparent decrease (to less than 100 mg/kg)
below the 3.0- to 3.5-foot interval.

Sampling Stations 1 Through 7 - Zinc was generally détected in the

sediment samples from stations 1 through 7 at concentrations significantly
greater than background concentrations (9A and 8B) with values between
660 mg/kg and 13,000 mg/kg in the shallow interval (Figure 13). Zinc was
generally detected at concentrations between 210 mg/kg and 620 mg/kg from
the deep interval (Figure 14); these concentrations are greater than
background concentrations in samples 3B through 7B. The highest zinc
concentrations (greater than 4,000 mg/kg) were detected in samplés from
stations 1, 2 and 4. The zinc concentrations detected in the sediment
samples from stations 1 and 2 decreased significantly (to 1less than
190 mg/kg) below the 3.0-foot (1G) and 4.0-foot (2I) discrete sample depths.

SEMIVOLATILE ORGANIC COMPOUNDS

The quantification of semivolatile organic compounds in the sediment
samples was performed by analyzing the samples by EPA Methods 8310 (PAHs)
and 8270 (BNAs). The data summarized in Table 2 were compiled from the
entire list of semivolatile analyses. Table 2 includes only the cons-
tituents detected and the method detection limits. Estimated values are
included in Table 2 but tentatively identified compounds are not included,
because these compounds have no intrinsic value in our analysis. Tentative-
ly identified compounds (detected by the mass spectrometer) have molecular
spectral patterns that are similar in composition to one or more compounds,
thus individual compounds cannot be distinguished and are placed into
molecular categories (compound classes) during the computer search.

The majority of the semivolatile organic compounds results fall into
two main categories: LPAHs (low molecular weight polynuclear aromatic
hydrocarbons) including acenaphthene, acenaplthylene, fluorene, naphthalene,
phenanthrene, and 2-methylnaphthalene; and HPAHS (high molecular weight
polynuclear aromatic hydrocarbons) including anthracene, benzo(a)anthracene,
benzo(b) fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, benzo(a)-
pyrene, chrysene, dibenz(a,h)anthracene, fluoranthene, indeno(1l,2,3-cd)-
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pyrene, and pyrene. Two additional compounds presented in Table 2 under the
miscellaneous category include bis(2-ethylhexyl)phthalate and dibenzofuran-

The following sections briefly summarize and compare the general trends of

the background and on-site ta results for the s, s and miscel-
laneous compounds.

General Summary LPAHs, HPAHs and Miscellaneous Compounds:

Background Sampling Stations 9 and 8 - Semivolatile organic compounds

were not-detected in background sediment sample 9A greater than the method
detection limit (0.68 mg/kg). The total concentrations (sum) of semi-
- volatile organic compounds in the sediment samples from background station 8
are approximately 45 mg/kg for LPAHs and 211 mg/kg for HPAHs for the shallow
interval and approximately 5 mg/kg for LPAHs and 41 mg/kg for HPAHs for the
0.3-foot to 2.0-foot interval. The Lake Union background results represent
a significant difference in concentrations compared to the Lake Washington
background results. Miscellaneous compounds were not detected in sediments
at station 8. No comparisons will be made with the miscellaneous compounds.

Sampling Stations 1 Through 7 - The total LPAHs detected in sediment

samples from stations 2, and 4 through 7 were generally at concentrations
greater than 55 mg/kg, which is significantly greater than the total
background concentrations from 8B (Figures 15 and 16). The total LPAH
‘concentrations in these sediment samples range from approximately 56 mg/kg
(5A) to 349 mg/kg (6A) for the shallow intervai, while the results from the
deeper interval range from 13 mg/kg (5B) to 384 mg/kg (6B),. The sediment
sample results for stations 1 and 3 indicate that the detected total LPAH
concentrations are much less than the total background concentration for 8B
(46 mg/kg) in the shallow interval, with approximate concentrations between
16 mg/kg to 20 mg/kg. However, the total LPAH concentrations for 3B
(20 mg/kg) was greater (21 mg/kg) than background sample 8C (5 mg/kg) in the
deeper interval. Stations 6 and 7 have the highest overall LPAH sediment
contamination while stations 1 and 3 have the lowest. Stations 2, 4 and 5
generally fall within the low to middle range of overall LPAH concen-
trations.

The total HPAH concentrations detected in the samples at stations 1
through 7 generally are either less than 76 mg/kg or greater than 145 mg/kg
(Figures 17 and 18). Total HPAHs were detected in the greatest concen-
trations at stations 4 through 7, with ranges of approximately 145 mg/kg to
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173 mg/kg at stations 4, 6 and 7 for both sample intervals, and approx-
imately 302 mg/kg and 88 mg/kg for the shallow--and deeper -intervals -at

station 5. Total HPAH concentrations were the lowest in the sediment

samples from stations 1 through 3 (between 26 mg/kg and 76 mg/Kg for both
intervals). Overall, however, significant HPAH concentrations were detected
in the background and on-site samples.

A general evaluation of the semivolatile organic compounds data shows
that sediments at stations 1 through 3 have the lowest LPAH and HPAH
concentrations, while the highest concentrations are present at stations &
through 7 and background station 8.

No general trends are evident in the sediment samples for the two
miscellaneous semivolatile compounds. Bis(2-ethylhexyl)phthalate was
detected in samples from stations 1 through &4 at concentrations between
1.8 mg/kg (estimated value) and 10 mg/kg. Dibenzofuran was detected in
samples from stations 1, 2, 4 and 6 at concentrations between 1.0 mg/kg
(estimated value) and 14 mg/kg.

Rinseate Samples 10A Through 10C - PAHs were not detected in the

rinseate samples greater than the method detection limits (0.05 ug/l to
1.0 pg/1l) from the Shelby Tube (10A and 10B) and the Van Veen (10C and 10C)
samplers. Rinseate samples for PAHs were not collected for the Beta

sampler.

TOTAL PETROLEUM HYDROCARBONS

A summary of the TPH (total petroleum hydrocarbon) results is presented
in Table 3. The sediment samples from stations 1 and 3 through 9 were

analyzed for TPH. Samples from station 2 were not analyzed for TPH.

Background Sampling Stations 9 and 8 - Total petroleum hydrocarbons
were detected in the background Lake Washington sediment samples 9A and 9B
at concentrations of 65 mg/kg and 13 mg/kg, respectively. The TPH
concentrations detected in background Lake Union sediment samples 8B
(120 mg/kg) and 8F (350 mg/kg) were approximately five to ten times the
concentrations found in Lake Washington for generally similar sample
intervals.

Sampling Stations 1, and 3 Throughv7 - Total petroleum hydrocarbons
were detected at concentrations between 39 mg/kg (5B) and 1,600 mg/kg (1A)
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in the sediment samples from the Yard 1 Dry Dock facility. No general
trends appear -in the spatial -distribution of TPH concentrations in the
sediment samples.

Rinseate Samples 10A Through 10D - TPH was not detected in the

rinseate samples greater than the method detection limits (1 mg/l) from the
Shelby Tube (10A and 10B) and the Van Veen (10C and 10D) samplers. Rinseate

samples for TPH were not collected from the Beta sampler.

POLYCHLORINATED BIPHENYLS

PCBs (polychlorinated biphenyls) were not detected above the detection
limits in the background and the on-site sediments samples analyzed. A
tentative identification was made for a PCB-like pattern in sample 1B
(0.43 mg/kg), but a positive match could not be verified. PCBs were not
detected in the Van Veen and Shelby Tube rinseate samples (10A through 10D)
at concentrations greater than the detection limits (1.0 ug/l). Table 4
lists the method detection limits for PCB analyses in the sediment and

rinseate water samples.

SUMMARY OF ANALYTICAL TESTING RESULTS--WATER SAMPLES
METALS
Beta Water Samples: Three water samples were collected with the

horizontal Beta sampler within 1 foot of the bottom of Lake Union at
sampling stations 8 (38.5-foot depth), and 2 (40.0 foot depth). Duplicate
sample 12 (40.0-foot depth) was also collected at sampling station 2.
Samples were submitted to the analytical laboratory for analysis of total
metals, butyltin species, and hardness. Field water quality parameters
(temperature, specific conductance, pH and dissolved oxygen) were measured
in triplicate with field meters and the average of each set of field data
was calculated. The analytical testing results and the field water quality
results are summarized in Table 5.

Background Sample 8A - Zinc was detected in background water sample 8A
at a concentration equal to the detection limit (0.01 mg/l1 [milligrams per
liter]). Tributyltin was detected at a concentration of 9.2 ng/l (nanograms
per liter) and hardness was measured at concentration of 42 mg/l as CaCO,
(calcium carbonate). No other metals were detected in water sample 8A.

Sample 2A - Metals were not detected in water sample 2A at concen-
trations greater than the detection 1limits listed in Table 5. The
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concentrations of the butyltin species detected in sample 2A were 4 ng/1 DBT
(dibutyltin), 4 ng/l TRBT (tetrabutyltin), 5 ng/l TBT (tributyltin) and

6 ng/1 MBT (monobutyltin). Hardness was measured at a concentration of

mg/1 as CaCO;.

Sample 12 (Duplicate 2A) - Lead and mercury were detected in water

sample 12 at concentrations equal to the detection limits of 0.005 mg/l and
0.0005 mg/l, respectively. Zinc was detected at a concentration of
0.04 mg/1. The concentrations of the butyltin species detected in the water
sample ranged from 21 ng/1 MBT to 185 ng/l1 TBT. The higher metals
concentration detected in sample 12, compared to 2A, may have been caused
by disturbing the sediments at station 2 four days béfore collecting water
sample 12. Hardness was measured at a concentration of 40 mg/l as CaCO,.

Beta Rinseate Samples 10E and 10F - Two Beta rinseate samples were

collected prior to initial sampling attempts (10E) and during the field
investigation (10F) to confirm decontamination procedures. The rinseate
samples were analyzed for the constituents previously mentioned, including
total metals and butyltin species. The testing results are summarized in
Table 5.

Zinc was the only metal detected as a low level contaminant (0.02 mg/1)
in Beta rinseate sample 10E. This may explain the low concentration of zinc
detected in sample 8A. Butyltin species were not detected in sample 10E
above the method detection limit (1.0 ng/l1).

Metals were not detected in Beta rinseate sample 10F at concentrations
greater than the detection limits listed in Table 5. MBT and DBT were
detected at low concentrations of 15 ng/l and 4 ng/l, respectively.
Sample 10F was collected after duplicate sample 12 was collected; therefore,
the butyltin concentrations detected in 10F may reflect minor residual
contamination from sample 12. The butyltin species concentrations measured

in water sample 12 were much greater than the rinseate sample 10F results.

INTERSTITIAL WATER SAMPLES

Two sediment samples (2C and 8C) were centrifuged to separate the
interstitial water from the sediment, and the water samples were analyzed
for total metals and butyltin species. The sediment sample from 2C was also
analyzed for butyltin species. The results are presented in Appendix C.

The test results for the two water samples are summarized in Table 5.
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Samples 2C and 8C - Arsenic, barium and the butyltin species were
detected in the interstitial water samples removed from sediment sample 2C

and background sediment sample 8C. Other metals were not detected in the

interstitial water samples. Arsenic was detected in water sample 2C at a
concentration of 0.898 mg/l, which is 20 times greater than the concen-
tration detected in background sample 8C (0.042 mg/l). Barium was detected
in samples 2C and 8C at generally similar concentrations of 0.19 mg/l (2C)
and 0.16 mg/1 (8C). The butyltin concentrations detected in 2C (27 ng/1
MBT, 40 ng/l1 DBT, 22 ng/l TBT) are significantly less than the concen-
trations detected in background sample 8C (82 ng/1 MBT, 90 ng/l1 DBT,
310 ng/1 TBT). TRBT was not detected in sample 2C, while a concentration
of 160 ng/l1 was detected in sample 8C.

SHELBY TUBE AND VAN VEEN EQUIPMENT BLANKS

Two field rinseate samples were collected prior to the initial sampling
attempts (10A and 1OC)'and two were collected during the field study (10B
and 10D) to confirm decontamination procedures. The rinseate samples were
analyzed for the constituents previously mentioned, including total metals.
The testing results are summarized in Table 5.

Shelby Tube Rinseate Samples 10A and 10B - Metals were not detected at

concentrations greater than the detection limits (Table 5) in rinseate
sample 10A, collected at station 9 prior to the start of sampling. Copper
and lead were detected at low concentrations of 0.10 mg/1 and 0.009 mg/1,
respectively, in rinseate sample 10B, which was collected at station 7 prior
to the start of sampling. These low level residual metal contaminants would

‘not have noticeably affected the final sediment sample results.

Van Veen Rinseate Samples 10C and 10D - Barium, copper, lead and zinc
were detected at low concentrations in Van Veen rinseate sample 10C, which
was collected at station 9 prior to the start of sampling. Barium, copper
and zinc were detected at concentrations slightly above the detection limits
for each metal. The lead concentration detected in rinseate sample 10C
(0.45 mg/1) suggests minor contamination resulting from spraying the
rinseate water over the lead weights attached to the Van Veen. Lead
contamination would not likely affect the samples because the weights do not

come in direct contact with the sediment during collection. Lead was not
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detected in rinseate sample 10D at concentration greater than the detection
limits. Sample 10D was collected from the Van Veen sampler at station 7

prior to the start of sampling.

TCLP METAL RESULTS

Eleven sediment samples were tested by TCLP (toxicity characteristic
leaching procedure) for metals to assist in evaluating the potential for
upland disposal of these materials. This procedure is intended to mimic the
potential generation of metals in leachate following disposal in a solid

waste landfill. The TCLP testing results are summarized in Table 6.

GENERAL TCLP RESULTS

Selenium and silver were not detected in any of the TCLP extracts at
concentrations greater than the detection limits. Mercury was detected only
in sample 4A at a concentration equal to the detection limit (0.0005 mg/l).
These results are representative of the relatively low concentrations of
these metals in the sediment samples.

Arsenic: Arsenic was detected only in extracts 1A, 2A and 3A at

concentrations between 0.05 mg/1 to 0.17 mg/l. These arsenic concentrations
are significantly less than the dangerous waste characterization criteria
(5 mg/1l) for TCLP extracts.

Barium: Barium was detected in the sample extracts (excluding

background extracts) at concentrations between 0.060 mg/l and 0.33 mg/l.
These barium concentrations are significantly less than the dangerous waste
characterization criteria (100 mg/l) for TCLP extracts.

Cadmium: Cadmium was detected in the sample extracts (excluding

background extracts) at concentrations between 0.011 mg/l to 0.050 mg/l.
These cadmium concentrations are significantly less than the dangerous waste
characterization criteria (1 mg/l) for TCLP extracts.

Chromium: Chromium was detected in four of the sample extracts

(excluding background extracts) at concentrations between 0.005 mg/l to
0.012 mg/1. These chromium concentrations are significantly less than the
dangerous waste characterization criteria (5 mg/l) for TCLP extracts.

Copper: Copper was detected in the sample extracts (excluding

background extracts) at concentrations between 0.051 mg/l to 3.7 mg/l.

There are no dangerous waste criteria for copper.
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Lead: Lead was detected in the sample extracts (excluding background
extracts) -at- concentrations -between0.28 mg/l-to 3.0 mg/l. - These lead
concentrations are less than the dangerous waste characterization criteria

(5 mg/1) for TCLP extracts.
Nickel: Nickel was detected in the sample extracts (excluding

background extracts) at concentrations between 0.10 mg/l1 to 0.41 mg/l.
There are no dangerous waste criteria for nickel.

Zinc: Zinc was detected in the sample extracts (excluding background

results) at concentrations between 8.2 mg/l to 83 mg/l. There are no

dangerous waste criteria for zinc.

REGULATORY SIGNIFICANCE OF WATER SAMPLES

The water quality data summarized in Table 5 were evaluated for
environmental toxicity as regulated by the Water Quality Standards For
Surface Waters of the State of Washington, WAC 173-201-010 through
173-201-120, 1988, and the U.S. EPA Quality Criteria For Water, 1986.
Table 7 summarizes the fresh water quality regulatory standards for metals
at 40 mg/l1 hardness; these standards are applicable to Beta water samples
collected in Lake Union. Barium was not listed on the table because it is
not regulated by the EPA and is not considered toxic in fresh water.

The metals concentrations detected in water samples 2A, 12 and 8A did
not exceed the acute and chronic fresh water criteria in surface waters for
arsenic, barium, cadmium, chromium, mercury, nickel, selenium and zinc. The
lead concentration detected in water sample 12 (0.005 mg/l) did not exceed
the acute fresh water criteria (0.025 mg/l), althoﬁgh it exceeded the
chronic fresh water criteria (0.001 mg/1l).

The detection limits specified in the final QA/QC plan for copper and
silver (0.002 mg/l) were not performed by the laboratory 5ecause of a
communications error in reporting the required detection limits to the
laboratory. It was not possible to reanalyze the water samples because the
samples were disposed of before this error was discovered.

The detection limit for silver (0.02 mg/l) is not less than the acute
water quality standard (0.0008 mg/l). The silver concentrations detected
in the sediments (less than 2.0 mg/kg to 4.2 mg/kg) suggest very low silver

concentrations in the water samples.
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The detection limit for copper (0.02 mg/l) is not less than the acute
fresh water quality standard (0.0075 mg/l). We cannot estimate the water
quality data for copper below the detection limits, although the survival

——————————rate of the bioassay analyses suggests very low copper concentrations. —

The EPA developed provisional water quality criteria for TBT in 1987 at
concentrations of 531 ng/l acute and 47 ng/l chronic to protect aquatic
life; however, the EPA set an advisory criterion at 10 ng/l chronic. The
concentrations of TBT detected in the three water samples (5 ng/l [2A] to
185 ng/1 [12]) did not exceed the acute criteria; however, the results from
sample 12 exceeded the chronic criteria.

A comparison of the results for Beta water samples (2A, 12, 8A) and
interstitial water samples (2C and 8C) shows significantly greater arsenic
and barium concentrations in the interstitial water samples and also a
copper concentration (0.03 mg/l) greater than the detection limit in 8C.
The copper concentration detected exceeds the acute criteria and the TBT
concentration exceeds the chronic criteria in interstitial background water
sample 8C. The arsenic concentration detected in 2C exceeds the acute
criteria and the TBT concentration detected exceeds the advisory chronic
criteria. The comparison also shows the TBT concentration is significantly
greater in the background interstitial water sample than in the on-site

interstitial water sample.

REGULATORY SIGNIFICANCE OF THE SEDIMENT SAMPLES

The sediment quality data presented in Tables 1 through &4 were
evaluated for environmental toxicity associated with various remedial
alternatives, including the no-action alternative, dredging the contaminated
sediment, and capping the contaminated sediment with clean material,. The
sediment quality results were not evaluated in this report for environmental
toxicity under the Final Sediment Management Standards, April 1991,
Chapter 173-204 WAC developed by Ecology (Washington State Department of
Ecology). These recently adopted sediment standards were developed for
marine sediments, although Ecology has reserved the option to apply these
regulations to fresh water sediments on a case-by-case basis. It would be
not be appropriate to evaluate the fresh water sediments in Lake Union by
these regulations for this phase of the investigation. The environmental
toxicity of the sediments was evaluated for dredging and disposal as
specified in the PSDDA (Puget Sound Dredge Disposal Analysis) Reports
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Management Plan (June 1988) and the Evaluation Procedures (September 1989)
developed by the U.S. Army Corps of Engineers, Washington State Department

of Natural Resources, the U.S. EPA Region X and Ecology.

NO-ACTION ALTERNATIVE

A no-action alternative would allow the contaminated sediment to remain
in place and would limit the disturbance of in-place sediments in Lake
Union. An overall evaluation of the sediment quality shows that the types
and concentrations of chemical contaminants present in the on-site bottom
sediments and in background Lake Union samples have had possible adverse
effects on biological activity in the Lake Union bottom sediments. Based
on the bioassay results, there appears to be a significant difference
between the mortality rate of the benthic organisms in the Yard 1 sediments
compared to the Lake Union and Lake Washington background samples. There
appears to be a relatively direct correlation between the overall concentra-
tions of contaminants present in the Yard 1 sediments and the mortality
rates of the benthic organisms, although the water quality data at the
bottom of Lake Union did not show any short term acute toxic effects to the
bioassay organisms as demonstrated in the water bioassay tests.

The exact nature of the chemical or chemicals that have the greatest
adverse effects on the benthic organisms have not been determined as part

of this study.

Environmental Significance of No-Action Alternative: The no-action

alternative was evaluated to demonstrate the environmental significance
associated with eithér performing no action or by performing alternative
remedial options (dredging or capping). The acceptance of the no-action
alternative as a.remedial option may produce the following negative impacts
and positive consequences to the Lake Union and the environment.

The negative impacts to Lake Union resulting from accepting a no-action
alternative program generally would be caused by the physical presence of
the contaminated bottom sediments. The negative impacts include the
following: (1) the cbntaminated bottom sediments were demonstrated to be
toxic to benthic organisms; (2) the chemical constituents in the sediments
potentially may be bioaccumulated and possibly biomagnified (increasingly

greater concentrations of the chemicals) up through the food chain to
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ultimate human consumption; and (3) the potential exists for the slow

, S release of the constituents into the Lake Union water as dissolved compounds
at concentrations near or below practical analytical quantification limits.

———————The positive conseguences to accepting the mo-action aitermative —
include the following: 1) the potential environmental consequences
associated with disturbing the sediments during dredging or during capping
operations would not occur; 2) the environmental consequences associated
with physically removing (treating contaminated water), containing and
transporting contaminated sediment and processing the contaminated sediment
for disposal would not occur; 3) the sediments appear to pose negligible
environmental risk to the lake water quality because no short-term acute
toxic effects were demonstrated in the water bioassay; and 4) the depth of
water for operations and navigation purposes would be maintained.

As demonstrated by the water sampling at station 1é (where the water
column was slightly affected [elevated butyltin species concentrations] by
sediment disturbances 4 days prior to collecting the water sample),
disturbances of the sediment may introduce a temporary pulse of suspended
or dissolved chemical constituents into the lake bottom water. Dredging or
capping activities may potentially disturb the sediments even if appropriate
measures are taken to limit dispersion of the sediments (using a silt
curtain) during remedial activities. A rapid pulse of suspended and
dissolved chemical constituents may introduce a potentially lethal dose of
chemical constituents into Lake Union, which may cause a short-term to
possibly longer-term degradation of the water quality during remedial
actions. A release of a contaminant plume may affect the Lake Union
ecosystem to an unknown extent for an unspecified (suspected short-term)
period of time. Capping the bottom sediment would reduce the available free
board space for continuing operations at the Yard 1 facility. Natural
sedimentation, in comparison, is expected to slowly cover the contaminated
sediment in time, which would accomplish the same goal as capping and may
be worth the environmental risk in the short term. There is no guarantee
that a sediment cap would not be damaged, removed or recontaminatedvthrough
contact with the contaminated material over time, thus negating the remedial

alternative.
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DREDGE DISPOSAL ANALYSIS

The -sediment-quality results (chemical and -biological) were evaluated

according to the guidelines specified in the PSDDA dredge material

evaluation procedures. The chemical data were directly compared to the
screening levels and the maximum levels presented in PSDDA Table A-7
"Screening Level (SL) and Maximum Level (ML) Guideline Chemistry Values,"
updated February 20, 1990 (Appendix E).

According to PSDDA, open-water disposal of dredge spoils with
contaninant concentrations greater than the SLs and MLs are acceptable only
in the presence of favorable bioassay results. The SLs and MLs are used as
guidance for determining when bioassay tesfing is required.

A general ranking system was developed by PSDDA for the wvarious
navigated waterways in Puget Sound as a guide for planning proposed dredge
activities. Lake Union was given a high ranking for the potential presence
of chemicals of concern in the PSDDA guidelines. Selection of the required
number of chemical and biological samples for PSDDA evaluation was based on
the ranking system,vhistorical data and estimated dredge quantities.

Unconfined Open-Water Disposal: Unconfined open-water disposal involves

placing dredge spoils in an unconfined setting where the spoils are not
isolated or separated from the environment. Unconfined disposal provides
numerous potential pathways for chemicals entrained in the sediments to be
released into the environment during the disposal activities.

The primary goal of the dredge disposal analysis is to determine if
dredge spoils are suitable for wunconfined open-water disposal. The
suitability of dredge disposal is based on demonstrated ecological or human
health effects, as developed in the PSDDA guidelines. Dredge spoils with
contaminant concentrations greater than maximum 1level standards are
pbtentially unacceptable for unconfined disposal. A brief comparison of the
chemical results, presented below, demonstrates that unconfined open-water
disposal may be unacceptable according to PSDDA guidelines. The results are
evaluated for the Yard 1 facility, including sampling stations 1 through 7,
shallow and deep intervals,

Metals - Arsenic concentrations detected generally exceeded the
57 mg/kg SL (screening level) in the sediment samples on-site and exceeded
the 700 mg/kg ML (maximum level) at sampling stations 1, 2, and 4.
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Cadmium concentrations detected exceeded the 0.96 mg/kg SL in sediment
samples from all sampling stations and exceeded the 9.6 mg/kg ML in samples

from stations 2, 4, 5, 6 and 7.

0
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samples from all sampling stations and exceeded the 810 mg/kg ML in sampling
stations 1, 2, 4 and 6.

Lead concentrations detected exceeded the 66 mg/kg SL in sediment
samples from all sampling stations and exceeded the 660 mg/kg ML in sampling
stations 1, 2 and 4.

Mercury concentrations detected exceeded the 0.21 mg/kg SL in the
sediment samples from stations 1, 2, 4, 5 and 6. The ML for mercury was not
exceeded in any of the samples.

The SL for nickel was not exceeded in any of the samples collected.

The silver concentrations detected exceeded the 1.2 mg/kg SL in
sediment samples from stations 1, 2, 3 and 4. The ML for silver was not
exceeded in any of the samples.

Zinc concentrations detected exceeded the 160 mg/kg SIL in sediment
samples from all sampling stations and equaled or exceeded the 1,600 mg/kg
ML in sediment samples from stations 1, 2, 4, 5 and 6.

The tributyltin concentration detected in sediment sample 2C
(0.19 mg/kg) exceeded the (0.03vmg/kg) SL. TBT was analyzed in only one
sediment sample.

PAHs - The calculated total LPAH concentrations detected exceeded the
0.6 mg/kg SL and the 6.1 mg/kg ML in all the sediment samples. Generally,
the greatest LPAH concentrations were observed at stations 4, 6 and 7. The
lowest LPAH concentrations were observed at stations 1, 2, 3 and 5.

The calculated total HPAH concentrations detected exceeded the
1.8 mg/kg SL in all the sediment samples and the 51 mg/kg ML in the sediment
samples from all sampling stations except station 3A. Generally, the
greatest HPAH concentrations were observed at sampling stations 4 through
7 and background station 8. The lowest LPAH concentrations were observed
at sampling stations 1 through 3. | |

Miscellaneous Compounds - The concentrations detected for dibenzofuran
and bis(2-ethylhexyl)phthalate generally exceeded the SL and ML for those
samples where these compound were detected at concentrations greater than
the method detection limits.
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PCBs - PCBs were not detected in the sediments at concentrations
greater than the detection limits and generally not exceeding the SL and ML

criteria, although the detection limits at sampling station 6 were greater

Confined Disposal: Confined aquatic disposal is the placement of

contaminated dredge spoils in a suitable (and approved) deep water disposal
site after which the disposal material is capped with clean materials. The
primary goal of capping is to isolate the contaminated spoils from the
environment, thereby effectively eliminating the potential for subsequent
adverse environmental effects. No approved confined disposal sites
presently exist.

" Confined aquatic disposal is an option that would require further,
detailed evaluation to determine the suitability of this option. This
option may be more costly than alternative disposal methods.

Upland Disposal: Upland disposal involves placing contaminated dredge

spoils within an environmentally acceptable disposal site. Upland disposal
options include nearshore disposal within a diked structure, disposal in a
permitted solid waste landfill and disposal in a hazardous waste landfill.

Nearshore disposal involves placing the dredge material within an
engineered sediment retention structure that allows the interstitial water
to drain from the sediments before the contaminated material is capped with
a clean soil cover. The contaminated materials placed in the disposal site
would potentially release contaminated interstitial water into the
environment at levels that may exceed regulatory guidelines. Collection and
treatment of the interstitial water would be required to minimize environ-
mental impacts and comply with regulatory standards. Ongoing environmental
monitoring may also be required at the disposal location to evaluate the
environmental consequences of nearshore disposal.

Upland disposal in a solid waste landfill would require transporting
the contaminated dredge material to a permitted solid waste disposal
facility. No processing would be done on the material except for reducing
the moisture content to acceptable standards prior to disposal. Landfill
disposal may be possible when the material is not characterized as a

dangerous waste and when the landfill is willing to accept the waste.
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The TCLP test results for metals show that the contaminated sediment
(as dredge spoils) would not be classified as a dangerous waste. However,
the HPAH data for the Yard 1 sediments result in PAH concentrations that are

close to the dangerous waste designation levels.

The main environmental risk associated with landfill disposal is the

possibility of future environmental liability. These materials may be
determined to be toxic by future regulatory standards and may require
responsible parties to assist in potential remedial activities at the
landfill. To reduce the risk of this future liability, the material could
be transported to a permitted hazarddus waste landfill at a substantially
greater cost.

Environmental Significance of Dredging: The environmental significance

of dredging the contaminated sediments from the Yard 1 facility was
evaluated to provide a basis for demonstrating the negative and positive
effects to the water quality and ecosystem of Lake Union.

The negative effects or impacts of dredging are as follows: (1) dredg-
ing activities would cause disturbances of the contaminated sediments, which
may potentially affect the lake water quality to an unknown extent;
(2) dredging would require that the large quantities of contaminated water
be collected, contained and treated prior to disposal; (3) the dredge
sediments may require chemical treatment or stabilization before confined
disposal is permitted, (these processes may generate additional waste
volumes and waste streams); (4) dredging would require that an environ-
mentally suitable confined disposal site (subaqueous or upland location) be
determine or designed (at substantially greater costs); (5) dewatering of
the dredge sediments during disposal may produce chemical alterations
(chemical oxidation or dissolution) of the dredge materials, which may
;:esult in further envirommental risks at the disposal location; (6) confined
disposal of the dredge material will not reduce the overall toxicity of the
material; (7) dredging would require temporary storage, loading, trans-
porting and unloading of the contaminated sediments, which may result in
additional risks to the environment; (8) long-term environmental monitoring
may be required at the disposal site to define potential environmental
impacts associated with the confined disposal altermative.

The positive effects of dredging include the following: (1) removal of
the contaminated sediments will reduce the potential for adversely affecting
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the water quality of Lake Union and should promote the natural reestablish-

ment of the bottom-dwelling aquatic organisms to Lake Union; (2) dredging

will reduce the need for further studies once the ecosystem has returned to

Yard 1 facility.
IN-PLACE CAFPPING

In-place capping is a process by which relativeiy clean sediment is
placed over the contaminated sediment, effectively isolating the contam-
inated material from the environment. The clean sediment cap also provides
a suitable environment for benthic organisms to reestablish viable
populations. In-place capping is considered a remedial technology, although
the toxicity of the material is not reduced by this process.

Capping as an option at the Yard 1 Dry Dock facility may involve

'placing approximately 4 to 10 feet or more of a suitable capping material
over the contaminated sediment. A 10-foot thick cap would reduce the
average water depth at the Yard 1 facility to 30 feet. Figure 19 shows
depth of water contours compiled from information supplied by UNIMAR and
field measurements of water depth measured in January 1991 by GeoEngineers.
A specific design of the cap would require a detailed evaluation of
construction procedures, capping materials and probable burrowing depths of

benthic organisms.

Environmental Significance of In-Place Capping: In-place capping of

the contaminated sediments at the Yard 1 facility was evaluated for environ-
mental significance to demonstrate the negative and positive effects on the
water quality and ecosystem of Lake Union. In-place capping may be an
environmentally acceptable option if the actual process does not’adversely
affect the environment and if the cap provides a permanent containment
system (will not be degraded, damaged, removed or eroded over time by
natural processes or human activity) for the contaminated material.

The negative environmental impacts of capping include releasing
interstitial pore water into the surrounding léke water during consolidation
of the sediments and dispersion of the fine-grained contaminated sediments
into surrounding areas during placement of the cap material. Capping will
reduce the navigable water depth and may impede operations and activities
at the Yard 1 facility. Capping may not provide a completely permanent

remedial option because ongoing natural processes (such as burrowing
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organisms) or human activities may degrade or breach the cap material.

Capping will require ongoing environmental monitoring (additional cost

expenditures) to evaluate the effectiveness of the cap material and to

ecosystem. i

The positive aspect of capping is the benefit of isolating the
contaminated sediments from the lake ecosystem without the potential adverse
environmental risks and impacts that may result from dredge removal.
Capping may be performed relatively easily with reduced capital expenditures
compared to dredging and disposal. Capping should effectively isolate the
contaminated sediments from the lake water and should provide a suitable
habitat for the reestablishment of the benthic organisms. Capping, if
proven to be effective, may provide the advantages of isolating the
contaminated sediments, providing a new habitat for benthic organisms and

satisfying environmental risk concerns.

CONCLUSIONS

As presented in FishPro’s report, the water quality at the bottom of
Lake Union did not show any short-term acute toxic effects to bioassay
organismé as demonstrated in the water bioassay tests with nearly 100
percent survival. The concentrations of chemical constituents present in
sediments at the Yard 1 Dry Dock Facility (stations 1 through 7) had a
significant impact on the bioassay organisms as demonstrated by the high
mortality rates observéd in the biocassay analyses. The sediments in the
bottom of Lake Union (station 8), were demonstrated to be more toxic to
biocassay organisms than the sediments from Lake Washington (station 9). The
‘concentrations of chemical constituents in the Yard 1 Facility sediment
generally exceed the PSDDA SL and ML guideline chemistry values and were
demonstrated to be toxic to the bioassay organisms, which demonstrates that
unconfined open water disposal may be wunacceptable according to PSDDA
guidelines. The data presented in the bioassay report may suggest that a
no action alternative is unacceptable, but the envirommental significance
of no-action may be appropriate upon further considerations of the
environmental impacts associated with remedial actions such as capping or
dredging.

Generally, the concentrations of chemicals present in the sediments

exceed the PSDDA guidelines for unconfined open-water disposal. Dredging
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of the contaminated sediments is a possible viable remedial option, provided

that suitable dredging procedures are used and approved confined disposal

site becomes available.

Confined disposa

greater detail to determine the suitability of this option. This option may
be more technically demanding than other disposal options.

Nearshore disposal of bottom sediments may be an environmentally
acceptable option if a suitable disposal site can win the approval of
appropriate regulatory agencies. Considerable design effort would be needed
to develop an appropriate plan for confined nearshoée disposal of dredged
sediments.

Upland disposal appears to be a viable disposal option, provided that
the sediments can be permitted for disposal in a solid waste landfill.
Significant efforts would be needed to dewater the dredge spoils prior to
transporting the material to a solid waste landfill.

Capping may be an appropriate alternative provided that the environ-
mental effects associated with constructing the cap are minimized or reduced
to acceptable levels.

We do not feel it is appropriate at this time to recommend one remedial
option over another. A thorough evaluation of the one or two best remedial
options may be completed when- the legal issues regarding the nature and

extent of the contamination at the Yard 1 facility are resolved.

LIMITATIONS

This report has been prepared for use by United Marine International,

Inc. in an investigation of the bottom sediment and water at the Yard 1 Dry

Dock Facility in Seattle, Washington. The report is not intended for use

by others and the information contained herein may not be applicable to
other sites.

- Our services have been executed in accordance with generally accepted

practices in this area at the time the report was prepared. No other

conditions, expressed or implied, should be understood.
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If you have any questions concerning this report, please call.

Respectfully submitted,

GeoEngineers, Inc.

JAM:PGW: smj

//57 Elopcen b

Paul ‘G. Werner
Project Hydrogeologist

£ w#y ‘
4 W/MYW
Scott E. Widness
Senior Hydrogeologist

James A. Miller, P.E.
Principal
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TABLE 1
SUMMARY OF METALS ANALYSES IN SEDIMENTS (Page 1 of 2)
Sample | Sample | EPA Method | 7060 7080 | 7130/7031 7190 7210 [7420/7421\7470/7471| 7520 7740 7760 7950
Number | Depth(ft) units Arsenic | Barium | Cadmium | Chromium | Copper Lead Mercury | Nickel |Selenium| Silver Zinc
1A 0.0-0.3 ma/kg 3,100 380 7.4 52 5,900 2,800 0.84 48 <3 42 10,000
1B 0.3-1.0 mg/kg 29 2,300 1,300 2,600
1C 1.0-1.5 mg/kg <1 69 78 - 180
1D 15-2.0 ma/kg 1.3 34 38 94
1E 2,025 ma/kg 4.4 2,600 1,600 - 4,700
iF 2.5-3.0 mg/kg 2.1 1,400 1,500 - 2,100
1G 3.0-35 ma/kg <1 38 a5 150
1H _ 354.0 markg <1 96 31 84
2B 0.0-0.3 mg/lkg 3,000 380 12 110 3,800 2,100 1.43 42 <3 <2 13,000
2C 0.3-1.5 mg/kg 2,000 196 44 230 2,300 1,800 1.50 130 <3 3.0 4,200
2D 1520 mg/kg 75 3,400 2,600 8,200
2E 20-25 markg 8.2 4,600 2,700 - 5,700
2F 25-3.0 ma/kg 0.8 5,300 2,800 8,700
2G 3.0-35 mo/kg 3.9 2,200 2,300 8,500
2H 354.0 mg/kg 3.4 560 570 1,700
21 4,045 markg 1.7 48 95 30
2J 4,5-4.8 2.9 40 <25 - 90

m g/kg




TABLE 1
SUMMARY OF METALS ANALYSES IN SEDIMENTS (Page 2 of 2)

Sample | Sample [EPA Method 7060 7080 | 7130/7031 7190 7210 7420/74217470/7471] 7520 7740 7760 7950

Number | Depth{ft) units Arsenic | Barium [ Cadmium | Chromium | Copper Lead Mercury | Nickel {Selenium| Silver Zinc
3A 0.0-0.3 ma/kg 240 32 44 18 230 210 <0.80 13 <05 2 60
3B 0.3-5.0 ma/kg 84 45 3.7 18 90 97 <0,80 20 <0.5 <2 tas
4A 0.0-0.3 markg 1,800 210 27 89 1,500 1,700 0.80 72 <1 47 4.joo
4B 0.34.3 ma/kg 180 120 10 59 240 290 0.91 50 <1 <2 20
5A 0.0-0.3 markg 190 130 17 78 610 620 1.52 75 <2.0 <2 1,éoo
5B 0.0-5.0 markg 26 110 8.2 45 89 130 1.05 55 <1 <2 210
6A 0.0-0.3 mg/kg 190 180 19 76 1,200 500 <0.80 69 <2.0 <2 1,700

11 (6A) 0.0-0.3 ma/kg 150 170 18 77 850 480 0.83 78 <20 <2 1,400
6B 0.3-5.0 markg 67 110 10 57 252 230 <0.,80 57 <2.0 <2 430
7A 0.0-0.3 markg 190 130 13 59 540 470 <0.80 74 <20 <2 1,000
7B 0.3-5.0 ma/kg 27 20 8.0 44 130 170 <0.80 51 <20 <2 270
8B 0-0.3 ma/kg 71 02 24 a7 170 250 1.53 48 <1 <2 340
8C 0.3-2.0 mg/kg 24 92 3.0 32 04 130 1,18 49 <1 <2 260
8D 0.3-0.5 mg/kg - - 38 - 62 81 - - - - 80
8E 0.5-1.0 mag/kg - - <2 - 56 53 - - - - 50
8F 1.0-1.5 mg/lkg - - <4 - 120 160 - - - - 204
8G 1.52.0 mg/kg - - <3 150 180 - - - - 301
8H 2,025 ma/kg - - <3 180 350 - - - - 430
8l 253.0 ma/kg - - - 68 83 - - - - 20
8J 3.0-35 ma/kg - - 2 - 39 45 - - - - 93
8K 3.5-4.0 mg/kg - - <5 13 <50 - - - - 46
8L 4045 ma/kg - - <5 186 <45 - - - - 63
8M 4,548 mg/kg - - 12 12 <40 - - - - 39
9A 0-0.3 markg 8.8 110 <2 39 a8 68 <0.40 41 <1.0 <2 120
9B 0.3-25 ma/kg 2.3 51 <1 32 15 <10 <0.15 31 <0.5 <2 44




TABLE 2
SUMMARY OF SEMIVOLATILE ORGANIC COMPOUNDS ANALYSES IN SEDIMENT SAMPLES

Sample Number 1A 2B 3A 3B 4A 4B 5A 5B 6A |11 (6A)| 6B 7A 7B 8B 8B 8C 9A
Sample Interval (feet) 0-0.3 0-0.3 0-0.3 0.3-5.0 0-0.3 0.3-4.3 0-0.3 0.3-5.0 0-0.3 0-0.3 0.3-5.0 0-0.3 0.3-5.0 0-0.3 0-0.3 0.3-2.0 0-0.3

EPA Method 8270 8270 8270 8310 8270 8310 8270 8310 8270 8270 8310 8270 8270 8310 8270 8310 8270

Napthalene

2-methylnaphthalene mgfkg <1.8 6.9 <3.5 NA 12 <11 NA 95 80 NA 24J NA WA <0.68
Acenaphthylene mg/kg <1.8 <2.4 <3.5 <5.0 45 <77 <! 1.0 4.9J <89 50 <46 16 . 2:6J . <0.68
Acenaphthene mg/kg 2.1 18 <35 <5.0 22 <77 8.8J | <068 40 33 150 8.3 68 . 6.6 . <0.68
Fluorene mg/kg 21 20 <35 1.0 20 4.1 6.5J 1.8 38 31 53 89 25 . 5.9 . <0.68
Phenanthrene me/kg 10 5.3 3.5J 7.1 56 15 15 5.6 100 88 160 27 97 16 <0.68
Anthracene mg/kg 28 13 3.4J 24 20 5.0 9.6J 23 33 28 44 9.6 26 28 6.8 0.47 | <0.68
Fluoranthene mg/kg 11 25 5.3 18 34 32 52 19 31 40 47 24 60 29 43 77 <0.68
Pyrene mg/kg 11 17 4.1 15 32 40 54 23 34 36 47 25 34 36 40 9.7 <0.68
Benzo(a)anthracene mg/kg 44 6.0 2.0J 5.9 14 11 18 6.0 12 13 13 8.1 13 11 16 29 <0.68
Chrysene mg/kg 5.5 6.8 21J 7.4 15 15 21 7.6 14 15 22 15 16 14 17 4.0 <0.68
Benzo(b)fluoranthene mg/kg 6.5 6.6 27J 5.0 14 1.7 23 5.2 1 <8.9 7.4 11 14 11 23 2.6 <0.68
Benzo (k)fluoranthene mg/kg 1.8 1.9 <3.5 27 4.9 4.5 67 2.9 30 29 47 33 74 6.2 8.3 1.5 <0.68
Benzo (a)pyrene mg/kg 5.4 4.8 2.6J 76 14 14 26 9.2 12 10 13 12 24 17 25 4.3 <0.68
Indeno(1,2,3-cd) pyrene mg/kg 28 1.9J <35 6.5 6.9 10 17 6.4 6.2J 4.8J 6.2 7.5 16 14 15 3.1 <0.68
Dibenz(a,h)anthracene mg/kg <1.8 <2.4 <3.5 1.8 20J 45 <11 0.39 <8.5 <89 65 | <48 5.8 <1.6 2.9J 1.3 <0.68

orylene

Dibenzofuran mg/kg 1.0J 14 <35 NA 6.3 NA <11 NA 12 9.9 NA <4.6 NA NA <4.0 NA <0.68

Bis(2-ethylhexyl)phthalate | mg/kg 5.9 10 1.8J NA 1.9J NA <11 NA <85 <8.9 NA <46 NA NA <4.0 NA <0.68
Total LPAHs (1) mg/kg 20 68 16 20 137 35 56 13 349 298 384 61 240 39 46 5 2

Total HPAHs (1) mg/kg 54 74 26 76 145 152 302 88 161 162 173 148 168 157 211 41 2




TABLE 3

SUMMARY OF TOTAL PETROLEUM HYDROCARBONS IN SEDIMENT SAMPLES

Sample Number 1A 1C (1) 3A 3B 1A 4B 5A 5B 6A |11 (6A)| 6B 7A 7B 88 8F 9A 9B
Sample Interval (feef) 003 | 1043 | 003 | 0350 | 003 | 0343 | 0083 | 0350 | 003 | 003 | 0350 | 003 | 0350 | 003 015 | 003 | 0325
EPA Method Units || 418.1 4184 | 41841 | 4184 | 4181 | 4181 | 4181 | 4181 | 4181 | 4181 | 4184 | 4181 | 4184 | 4181 | le184 | 4181 | 4181
TPH mglkg 1600 950 99 230 590 420 780 39 200 110 130 160 190 120 350 65 13




TABLE 4
SUMMARY OF POLYCHLORINATED BIPHENYLS IN SEDIMENT AND RINSEATE SAMPLES

Sample Number 1A (1) 1C 2B 3A 4A 5A 6A 11 (6A) 7A 88 8C 9A 9B
Sample Interval (feet) 0-0.3 1.0-1.5 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0.3-2.0 0-0.3 0.32.5
EPA Method 8080 | units| mgkg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
PCB 1016 <0.033 | <0.063 | <0.033 <0.14 <0.14 <0.22 <41 <4.3 <2.2 <0.033 | <0.033 <0.13 <0.058
PCB 1221 <0.033 | <0.063 | <0.033 | <0.14 <0.14 <0.22 <4.1 <43 <2.2 <0.033 | <0.033 | <0.13 | <0.058
PCB 1232 <0.033 | <0.063 | <0.033 | <0.14 <0.14 <0.22 <41 <4.3 <22 <0.033 | <0.033 | <0.13 | <0.058
PCB 1242 <0.033 | <0.063 | <0.033 | <0.14 <0.14 <0.22 <41 <43 <22 <0.033 | <0.033 | <0.13 | <0.058
PCB 1248 <0.033 | <0.063 | <0.033 | <0.14 <0.14 <0.22 <41 <4.3 <2.2 <0.033 | <0.033 | <0.13 | <0.058
PCB 1254 <0.033 | «<0.063 | <0.033 <0.14 <0.14 <0.22 <4.1 <4.3 <22 <0.033 | <0.033 <0.13 <0.058
PCB 1260 0.43 <0.063 | <0.033 | <0.14 <0.14 <0.22 <4.1 <43 | <22 <0.033 | <0.033 | <0.13 | <0.058

Sample Number 10B | 10C 10D | 10E
Sample Interval (feet) Shelby Rinseates || Van Veen Rinseates
EPA Method 8080 | units| ug! ugl | ugd ug/l
PCB 1016 <1.0 <1.0 <1.0 <1.0
PCB 1221 <1.0 <1.0 <1.0 <1.0
PCB 1232 <1.0 <1.0 <1.0 <1.0
PCB 1242 <1.0 <1.0 <1.0 <1.0
PCB 1248 <1.0 <1.0 <1.0 <1.0
PCB 1254 <1.0 <1.0 <1.0 <1.0

PCB 1260 <1.0 <1.0 <1.0 <1.0




TABLE 5

SUMMARY OF WATER ANALYSES

Sample Number

2A

12 (2A)

8A

2C

8C

10A

10B

10C

10D

10E

10F

Sample Depth (feet)

40 (1)

40

40 0.3-1.5

0.3-2.0

Shelby

Shelby

Van Veen

Van Veen

Beta

Beta

Sample Ty

pe

Beta Samples

Interstitial Water

Rinseate Samples

Arsenic mg/l <0.005 <0.005 <0.005 0.898 0.042 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Barium mgfl <0.06 <0.02 <0.06 0.19 0.16 <0.06 <0.02 0.08 <0.02 <0.06 <0.02
Cadmium mg/t <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003
Chromium mg/l <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Copper mg/l <0.02 <0.02 <0.02 <0.02 0.03 <0.02 0.10 0.03 <0.02 <0.02 <0.02
Lead mg/l <0.005 0.005 <0.005 <0.005 <0.005 <0.005 0.008 0.045 <0.005 <0.005 <0.005
Mercury mg/l <0.0005 0.0005 <0.0005 <0.002 <0.002 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Nickel mgl <0.03 <0.1 <0.03 <0.03 <0.03 <0.03 <0.01 <0.03 <0.01 <0.03 <0.01
Selenium mg/l <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Silver mg/l <0.02 <0.03 <0.02 <0.02 <0.02 <0.02 <0.03 <0.02 <0.03 <0.02 <0.03
Zinc m&/l <0.01 0.04 0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 0.02

Monobutyltin ng/l 6 21 <1 27 82 <1 15
Dibutyktin ng/l 4 33 <1 40 90 - - - - <1 4

Tributyltin ngfl 5 185 9.2 22 310 - - - - <1 ND
Tetrabutyltin nE/l 4 140 <1 <1 160 - - - - <1 ND
Hardness (2) mg/l 40 40 42

D.O. mg/l 11.4 1.7 12.0

Conductivity umhos/cm 132.6 122.9 150.9

Temperature degress F 42.7 45.8 42.7

pH 7.20 7.8 6.20




TABLE 6
SUMMARY OF TCLP METALS RESULTS

Sampie | Sample |EPA Method| 6010 6010 6010 6010 6010 6010 7470 6010 6010 7760 7950

Number |Depth (ft) units Arsenic | Barium | Gadmium | Chromium | Copper Lead Mercury | Nickel |Selenium ilver Zinc
1A 0-0.3 mg/l 0.17 0.30 0.017 0.006 0.051 0.58 <0.0005 0.32 <0.05 <0.02 . 59
2B 0-0.3 mg/l 0.05 0.13 0.046 <0.005 2.8 0.52 <0.0005 0.30 <0.05 <0.02 83
3A 0-03 mg/l 0.08 0.19 0.011 <0.005 0.61 0.63 <0.0005 0.14 <0.05 <0.02 19
4A 0-0.3 mg/l <0.05 0.060 0.042 <0.005 37 3.0 0.0005 0.38 <0.05 <0.02 48
5A 0-03 mg/l <0.05 0.067 0.050 0.012 1.8 1.6 <0.0005 0.41 <0.05 <0.02 18
6A 0-0.3 mg/l <0.05 0.33 0.013 0.005 0.064 0.28 <0.0005 0.10 <0.05 <0.02 8.2

11 (6A) 0-03 mg/l <0.05 0.12 0.012 0.006 0.26 0.54 <0.0005 0.16 <0.05 <0.02 10
7A 0-0.3 mg/l <0.05 0.075 0.028 0.008 1.6 1.4 <0.0005 0.41 <0.05 <0.02 15
88 0-0.3 mg/i <0.05 0.20 0.008 <0.005 0.051 0.23 <0.0005 0.06 <0.05 <0.02 2.0
8C 0.3-2.0 mg/l <0.05 0.081 0.018 0.006 0.16 0.21 <0.0005 0.26 <0.05 <0.02 3.2
9A 0-0.3 mg/l <0.05 0.31 0.004 0.006 0.019 <0.02 <0.0005 0.03 <0.05 <0.02 0.38




TABLE 7
SUMMARY OF WATER QUALITY STANDARDS
FOR SURFACE WATER!

Acute? Chronic?

(mg/) (mg/)
Arsenic 0.36 0.19
Cadmium 0.0014 0.0006
Chromium 0.819 0.097
Copper 0.0075 0.0054
Lead 0.025 0.001
Mercury 0.0024 0.0012
Nickel 0.653 0.073
Selenium 0.26 0.035
Silver 0.008 -
Zinc 0.053 0.048
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)&\,Ano!yticoITechnologies,Inc.

52
ATI I.D. # 9101-238
GENERAL CHEMISTRY RESULTS

CLIENT ¢ GEOENGINEERS, INC. MATRIX : SEDIMENT
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC. UNITS : %
ATI I.D.# CLIENT I.D. MOLSTURE
9101-238-1 5A 0-0.3’ 85
9101-238-2 6A 0-0.3’ 80
9101-238-3 11 DUPLICATE 81
9101-238-4 6B 0.3-5.0 66
9101-238-8 7A 0-0.37 63
9101-238-9 7B 0.3-5.07 62

C - 162



é AnalyticolTechnologies,inc.

ATI I.D. # 9101-238

GENERAL CHEMISTRY QUALITY CONTROL

CLIENT : GEOENGINEERS, INC. SAMPLE MATRIX : SEDIMENT/SOIL
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC.

e ATI SAMPLE DUP SPIKED SPIKE % ‘
PARAMETER UNITS I.D. RESULT RESULT RPD RESULT ADDED REC
PETROLEUM
HYDROCARBONS mg/Kg 9101-238-1 780 776 0 % % *k k%
PETROLEUM
HYDROCARBONS mg/Kg ©101-238-9 189 204 8 455 255 104
PETROLEUM
HYDROCARBONS mg/Kg BLANK SPIKE N/A N/A N/A 293 268 109
MOISTURE % 9101~242-9 29 27 7 N/A N/A N/A

*% Due to the necessary dilution of the'sample, result was not
attainable.

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration
RPD (Relative % Difference) = (Sample Result - Duplicate Result)

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ¥ 10¢
Average Result

C — 163
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ToxScan inc.

42 Hangar Way
Watsonvilie, CA 95076

{408) 724-4522

FAX (408) 724-3188

Analytical Techmnologies, Inc.
560 Naches Avenue SW, Suite 101

98055

Renton, WA

Attn: Donna McKinney

MATERIAL:

ANALYSIS COMPLETED:
IDENTIFICATION:
TOXSCAN NUMBER:
REPORT:

REVISED REPORT:

Water sample received February 2, 1991
February 25, 1991

Geoengineers

T-7221

Quantitative chemical analysis is as
follows, expressed as nanograms per liter

(parts per trillion) as received:

Tripropyl
Tin
Sample ID Monobutvltin Dibutvltin Tributvyltin Tetrabutvltin Surrogate
3101-233-7 15 4 ND ND 80
Spike Recover 72% 83% 843 77% G1
-see T-7251
56648-53
ND = None detected
Detection limit = 1 part per trilliom
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Time:

PROVECTNUMBER: ¢ py) - 2 3y TOTAL NUMBER OF CONTAINERS | | Sﬁ"’"" ‘ | T'me) Signature: Time: | Signature:

PROJECT NAME:  Crv00mrtl 117 o As COC SEALS/INTACT? Y/N/NA %”“’ﬂ £9-0t

PURCHASE ORDER NUMBER:~ 0 7.2 3¢, RECEIVED GOOD COND./COLD Prined Name: \/ Date:] Pinted Name Dats: | Printed Name: Date:
ONGOINGPROJECT? YES [ No [ |Recewvepvia: D ek owiy 2/

* )RIZATION IS REQUIRED FOR RUSH PROJECT: bk

TAT: (NoRMAL) O3 2wks |
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(RUSH) [J 24HR  [J48HRS []72HRS []1WK ! :
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At g ASHL Company: . Company: Analyﬂqal Technologies, Inc.

T'labs: San Diego (619)458-9141 + Phoenix (602)438-1530 + Seattle (206)228-82"
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RINSEATE SAMPLE 10E
WATER SAMPLE 8A
INTERSTITIAL WATER SAMPLE 8C

SEDIMENT SAMPLES 8B-8M
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)&\: Analyt icalTechnologies,Inc. 560 Naches Avenue, S.W.. Suite 101, Renton, WA 98055, (206) 228-8335

ATI I.D. # 9101-167

GeoEngineers

MAR (04 1991

Routing M ]

March 4, 1991

File

GeoEngineers, Inc.

8410 154th Avenue N.E.
Redmond, WA 98052

Attention : Paul Werner
Project Number : 1299-003-B04

Project Name : Unimar, Inc.

On January 23, 1991, Analytical Technologies, Inc., received three

water and 13 sediment samples for analysis. The samples were
analyzed with EPA methodology or equivalent methods as specified in
the attached analytical schedule. The results, sample cross

reference, and quality control data are enclosed.

This is a partial report as it does not contain the TCLP Metals
results. These results will follow in approximately 60 days.

V) A %MWW

Donna M. McKinney Frederick W. Grothkopp
Project Manager Technical Manager
FWG/elf
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1
ATI I.D. # 9101-167
SAMPLE CROSS REFERENCE SHEET
CLIENT : GEOENGINEERS, INC.
PROJECT # : 1299-003-B04

PROJECT NAME

UNIMAR, INC.

o e e e P S e i e T W0 > S s OGS ST KD WD GO S0 S35 D e D s G i S S S D S D GED SIS SED GHD G525 S G T S5 S D G T G G S D (S S B G o P R R G G G K S

ATI # CLIENT DESCRIPTION DATE SAMPLED MATRIX
9101-167-1 10FE BETA RINSATE 01/22/%1 WATER
9101~-167-2 8A WATER SAMPLE 01/22/91 WATER
9101-167-3 8B 0-0.3° 01/22/91 SEDIMENT
8101~167~4 8C 0.3-2.0° 01/22/91 SEDIMENT
9101-167-5 8D 0.3-0.5°¢ 01/22/91 SEDIMENT
2101-167-6 8E 0.5-1.07 01/22/91 SEDIMENT
9101-167-7 8F 1.0-1.57 01/22/%1 SEDIMENT
9101-167-8 8G 1.5-2.0° 01/22/91 SEDIMENT
9101~-167-S 8H 2.0-2.57 61/22/9%1 SEDIMENT
9101-167-10 81 2.5-3.0° 01/22/91 SEDIMENT
8101-167-11 8J 3.0-3.5° 01/22/91 SEDIMENT
93101-167-12 8K 2.5-4.0' 01/22/91 SEDIMENT
93101-167-13 8L, 4.0-4.5° 01/22/91 SEDIMENT
9101-167-14 8M 4.5-4.8"7 01/22/91 SEDIMENT
9101-167-15 8C (INTERSTITIAL WATER) 01/22/91 WATER
9101~-167-16 8C 0.3-2.0° 01/22/91 SEDIMENT
===== TOTALS ————-

MATRIX # SAMPLES

WATER 3

SEDIMENT i3

ATI STANDARD DISPOSAL PRACTICE

The samples from this project will be disposed of in thirty (30) days
from the date of this report. If an extended storage period is
required, please contact our sample control department before the

scheduled disposal date.
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ATI I.D. # 9101-167

ANALYTICAL SCHEDULE

CLIENT : GEOENGINEERS, INC.
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC.

. ————— —— —————— —— — _—— Y T . T — —— ] — T — ———— ——————— . ————— — {— . it S S — A — T~ —— — — - S

ANALYSIS TECHNIQUE REFERENCE LAB
SEMI-VOLATILE COMPOUNDS GCMS EPA 8270 ' R
POLYCHLORINATED

BIPHENYLS (PCBs) GC/ECD EPA 8080 R
POLYNUCLEAR AROMATIC

HYDROCARBONS HPLC/UV EPA 8310 SD
TRIBUTYLTIN GC/FPD BATTELLE SUB
ARSENIC AA/GF EPA 7060 R
BARIUM AA/F EPA 7080 R
CADMIUM AA/F EPA 7130 R
CADMIUM AA/GF EPA 7131‘ R
CHROMIUM AA/F EPA 7190 R
COPPER AA/F EPA 7210 R
LEAD AA/F EPA 7420 R
LEAD AA/GF EPA 7421 R
MERCURY AA/COLD VAPOR EPA 7470 R
MERCURY AA/COLD VAPOR -EPA 7471 R
NICKEL AA/F EPA 7520 R
SELENIUM AA/GF EPA 7740 R
SILVER AA/F EPA 7760 R
ZINC AA/F EPA 7950 R
HARDNESS TITRATION EPA 130.2 R

CONTINUED NEXT PAGE
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CLIENT
PROJECT #

PROJECT NAME

ATI I.D. # 9101-167

ANALYTICAL SCHEDULE

1299~-003-B04
UNIMAR, INC.

o0 83 00

CONTINUED

GEOENGINEERS, INC.

PETROLEUM HYDROCARBONS

MOISTURE

R = ATI
s

b = ATI
T = ATI
PNR = ATI
FC = ATI

Renton

San Diego
Tempe
Pensacola
Fort Collins

SUB = Subcontract

TECHNIQUE REFERENCE LAB
IR EPA 418.1 R
GRAVIMETRIC METHOD 7-2.2 R
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ATI I.D. # 9101-167

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

: . ; -
1299-003-B04 DATE RECEIVED

PROJECT # : : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
N-NITROSODIMETHYLAMINE <0.17

PHENOL <0.17

ANILINE <0.17

BIS (2-CHLOROETHYL) ETHER <0.17
2-CHLOROPHENOL <0.17
1,3-DICHLOROBENZENE <0.17
1,4-DICHLOROBENZENE <0.17

BENZYIL, ALCOHOL <0.17
1,2-DICHLOROBENZENE <0.17
2-METHYLPHENOL <0.17

BIS (2-CHLOROISOPROPYL) ETHER <0.17
4-METHYLPHENOL <0.17
N-NITROSO-DI~-N-PROPYLAMINE <0.17
HEXACHLOROETHANE <0.17

NITROBENZENE <0.17

ISOPHORONE <0.17

2-NITROPHENOL <0.17
2,4-DIMETHYLPHENOL <0.17

BENZOIC ACID <0.85

BIS (2-CHLOROETHOXY)METHANE <0.17
2,4-DICHLOROPHENOL <0.17

1,2, 4-TRICHLOROBENZENE <0.17

NAPHTHALENE <0.17
4-CHLOROANILINE <0.17
HEXACHLOROBUTADIENE <0.17
4-CHLORO-3-METHYLPHENOL <0.17
2-METHYLNAPHTHALENE <0.17
HEXACHLOROCYCLOPENTADIENE <0.17
2,4,6-TRICHLOROPHENOL <0.17
2,4,5-TRICHLOROPHENOL <0.85
2-CHLORONAPHTHALENE <0.17
2-NITROANILINE <0.85
DIMETHYLPHTHALATE <0.17
ACENAPHTHYLENE <0.17
3-NITROANILINE <0.85

ACENAPHTHENE <0.17
2,4-DINITROPHENOL <0.85

4-NITROPHENOL <0.85

CONTINUED NEXT PAGE
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ATI I.D. # 9101-167

SEMI-VOLATILE ORGANICS ANALYEIS
DATA SUMMARY (CONTINUED)

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : N/A
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 1

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
DIBENZOFURAN <0.17
2, 4-DINITROTOLUENE <0.17
2, 6=DINITROTOLUENE <0.17
DIETHYLPHTHALATE <0.17
4-CHLOROPHENYL-PHENYLETHER <0.17
FLUORENE <0.17
4-NITROANILINE <0.85
4,6-DINITRO-2~-METHYLPHENOL <0.85
N-NITROSODIPHENYLAMINE <0.17
4-BROMOPHENYL~PHENYLETHER <0.17
HEXACHLOROBENZENE <0.17
PENTACHLOROPHENOL <0.85
PHENANTHRENE <0.17
ANTHRACENE <0.17
DI~N~BUTYLPHTHALATE <0.17
FLUORANTHENE 4 <0.17
BENZIDINE <1.7
PYRENE <0.17
BUTYLBENZYLPHTHALATE <0.17
3,3-DICHLOROBENZIDINE <0.34
BENZO (a) ANTHRACENE <0.17
BIS(2-ETHYLHEXYL) PHTHALATE <0.17
CHRYSENE <0.17
DI-N-OCTYLPHTHALATE <0.17
BENZO (b) FLUORANTHENE <0.17
BENZO (k) FLUORANTHENE <0.17
BENZO (a) PYRENE <0.17
INDENO(1,2,3~cd) PYRENE <0.17
DIBENZ(a,h, ) ANTHRACENE <0.17
BENZO(g,h, i) PERYLENE <0.17

SURROGATE PERCENT RECOVERIES

NITROBENZENE-d5 73
Z2-FLUCROBIPHENYL 82
TERPHENYL-414 76
PHENQL-d6& g6
2-FLUOROPHENOL 66
Z2,4,6-TRIBROMOPHENOL 87



é_k_&,Ano!yﬁcolTechnologies,Inc.

ATI I.D. # 9101-167

SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : N/A
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. ¢ REAGENT BLANK DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SOIL UNITS : nmg/Kg
EPA METHOD s 8270 DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

SCAN ESTIMATED
COMPOUND NUMBER CONCENTRATION
HYDROCARBON 1883 0.63
HYDROCARBON 1944 1.0
HYDROCARBON 2013 1.3
HYDROCARBON 2094 1.4
HYDROCARBON 2306 1.0
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ATI I.D. # 2101-167-3

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

CLIENT ¢ GEOENGINEERS, INC. DATE SAMPLED s 01/22/%1
PROJECT # : 1295-003-B04 DATE RECEIVED : 01/23/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED ¢ 01/30/91
CLIENT I.D. : 8B 0-0.3°7 DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHCD : 827¢ DILUTION FACTOR : B

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
N-NITROSODIMETHYLAMINE <4.0
PHENOL <4.0
ANILINE <4.0
BIS{2~CHLOROETHYL} ETHER <4.0
2~CHLOROPHENOL <4.0
1,3-DICHLOROBENZENE <4.0
1,4-DICHLOROBENZENE <4.0
BENZYL ALCOHOL <4.0
1,2-DICHLOROBENZENE <4.0
2-METHYLPHENOL <4.0
BIS(2-CHLOROISOPROPYL)} ETHER <4.0
4-METHYLPHENOL <4.0
N-NITROSO-DI-N-PROPYLAMINE <4.0
HEXACHLOROETHANE <4.0
NITROBENZENE <4.0
ISOPHORONE <4.0
2-NITROPHENOL <4.0
2,4-DIMETHYLPHENOL <4.0
BENZOIC ACID <20
BIS(2-CHLOROETHOXY) METHANE <4.0
2,4-DICHLOROPHENOL <4.0
1,2,4-TRICHLOROBENZENE <4.0
NAPHTHALENE 4.1
4-CHLOROANILINE <4.0
HEXACHLOROBUTADIENE <4.0

4 -CHLORO-3-METHYLPHENOL <4.0
Z-METHYLNAPHTHALENE 3.7 J
HEXACHLOROCYZLOPENTADIENE <4.0
2,4,6-TRICHLOROPHENOL <4.0
2,4,5-TRICHLCOROPHENCL <20
2~-CHLORONAPHTHALENE <4.06
2-NITROANILINE <20
DIMETHYLPHTHALATE <4.0
ACENAPHTHYLENE 2.6 J
3-NITROANILINE <20
ACENAPHTHENE 6.6
2,4-DINITRCPHENOL <20
4-NITROPHENOCL <20

J = Estimated value.

C - 177



)! A\ AnalyticolTechnologies,inc.
ATI I.D. # 9101-167-3

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

= N 4 = H . \J ==, \J 20 AP £ b
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/23/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : 8B 0-0.3" DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

DIBENZOFURAN <4.0

2, 4-DINITROTOLUENE <4.0

2, 6-DINITROTOLUENE <4.0

DIETHYLPHTHALATE <4.0
4-CHLOROPHENYL-PHENYLETHER <4.0

FLUORENE 5.9

4-NITROANILINE <20
4,6~-DINITRO-2-METHYLPHENOL <20
N-NITROSODIPHENYLAMINE <4.0
4-BROMOPHENYIL—-PHENYLETHER <4.0

HEXACHLOROBENZENE <4.0

PENTACHLOROPHENOL <20

PHENANTHRENE 16

ANTHRACENE 6.8
DI-N-BUTYLPHTHALATE <4.0

FLUORANTHENE 43

BENZIDINE <40

PYRENE 40
BUTYLBENZYLPHTHALATE <4.0
3,3-DICHLOROBENZIDINE <8.1

BENZO (a) ANTHRACENE 16

BIS (2-ETHYLHEXYL) PHTHALATE <4.0

CHRYSENE 17
DI-N-OCTYLPHTHALATE <4.0

BENZO (b) FLUORANTHENE 23

BENZO (k) FLUORANTHENE 8.3

BENZO (a) PYRENE 25

INDENO(1,2,3-cd) PYRENE 15

DIBENZ (a,h, ) ANTHRACENE 2.9 J

BENZO(g,h, i) PERYLENE 21

SURROGATE PERCENT RECOVERIES

NITROBENZENE-d5 62
2-FLUOROBIPHENYL 107
TERPHENYL~d14 97
PHENOL-d6 87
2-FLUOROPHENOL 58
2,4 ,6-TRIBROMOPHENOL 113

J = Estimated value.
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ATI I.D. # 9101-167-3

SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/22/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/23/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : 8B 0-0.37 DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

SCAN ESTIMATED
COMPOUND NUMBER CONCENTRATION
NAPHTHALENE, 1,8-DIMETHYL- 890 7.1
HYDROCARBON 1398 26
BENZO (E) PYRENE 1885 12
HEPTACOSANE 2010 13
DIBENZO (DEF, MNO) CHRYSENE 2216 10
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SEMI-VOLATILE ORGANIC
QUALITY CONTROL DATA

ATI I.D. # 9101-167

CLIENT ¢ GEOENGINEERS, INC. SAMPLE I.D. : BLANK SPIKE
PROJECT # : 1299-003-B04 DATE EXTRACTED : 01/30/91
PROJECT NAME : UNIMAR, INC. DATE ANALYZED : 02/08/91
EPA METHOD : 8270 MATRIX : SOIL
UNITS : mg/Kg
DUP DUP
SAMPLE SPIKE SPIKED % SPIKED %
COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
1,2,4-TRICHLOROBENZENE <0.17 3.33 2.39 72 2.86 86 18
ACENAPHTHENE <0.17 3.33 2.19 66 2.42 73 10
2,4-DINITROTOLUENE <0.17 3.33 2.46 74 2.56 77 4
PYRENE <0.17 3.33 2.34 70 2.62 78 11
N-NITROSO-DI-N-PROPYLAMINE <0.17 3.33 2.26 68 2.68 81 17
1,4-DICHLOROBENZENE <0.17 3.33 2.23 67 2.65 79 17
PENTACHLOROPHENOL <0.85 13.3 11.6 87 11.3 85 3
PHENOL <0.17 6.67 3.98 60 4.79 72 18
2-CHLOROPHENOL <0.17 6.67 4.03 60 4.90 73 19
4-CHLORO-3-METHYLPHENOL <0.17 6.67 4.44 67 4.99 75 12
4-NITROPHENOL <0.85 13.3 11.5 86 11.6 87 1
% Recovery = (Spike Sample Result - Sample Result)
————————————————————————————————————— X 100
Spike Concentration
RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result
———————————————————————————————— x 100

Average of Spiked Sample

Cc - 180



i
}:f é\ AndlyticolTechnologies, inc.

CLIENT

PROJECT #
PROJECT NAME
CLIENT T
SAMPLE MATRIX
EPA METHOD
RESULTS BASED

4 = ®

8080 (PCB)
N DRY WEIGHT

Oma 89 20 96 86 060

GEOENGINEERS, INC.
12%9-003-B04
UNIMAR, INC.
REAGENT BLANK

ATI I.D.

POLYCHI.ORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

48 o8 @8 96 00 o0

# 2101-167

N/A
N/A
01/30/91
02/04/91
ng/Kg

= e e cm o g oo m S e e o e e o D D S G D 90 S s e G G GhS GND S T G Gy T G D T S D D T D S G S T e e M e n G5 e G2 S 975 G D G e A wm e

PCB
PCB
PCB
PCB
PCB
PCEB
PCB

1016
1221
1232
1242
1248
1254
1260
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ATI I.D. # 9101-167-3

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT ¢ GEOENGINEERS, INC. DATE SAMPLED : 01/22/91
PROJECT # ¢ 1299-003-B04 DATE RECEIVED : 01/23/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : 8B 0-0.37 DATE ANALYZED : 02/04/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1

O

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
PCB 1016 <0.033
PCB 1221 <0.033
PCB 1232 <0.033
PCB 1242 <0.033
PCB 1248 <0.033
PCB 1254 <0.033
PCB 1260 <0.033
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ATI I.D. # 9101-167-16

POLYCHIORINATED BIPHENYLS (PCB} ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED s 01/22/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/23/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : 8C 0.3-2.0° DATE ANALYZED : 02/04/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

PCB 1016 <0.033

PCB 1221 <0.033

PCB 1232 <0.033

PCB 1242 <0.033

PCB 1248 <0.033

PCB 1254 <0.033

PCB 1260 <0.033
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ATI I.D. # 9101-167

POLYCHLORINATED BIPHENYLS (PCB)
QUALITY CONTROL

CLIENT ¢ GEOENGINEERS, INC. SAMPLE ID : BLANK SPIKE
PROJECT # ¢ 1299-003-B04 DATE EXTRACTED : 01/30/91
PROJECT NAME : UNIMAR, INC. DATE ANALYZED : 02/04/91
EPA METHOD : 8080 (PCB) MATRIX : SOIL

UNITS : mg/Kg

DUP DUP
SAMPLE CONC SPIKED % SPIKED %

COMPOUND RESULT SPIKED SAMPLE REC SAMPLE RECOVERY RPD
PCB 1260 <0.033 0.33 0.345 104 0.351 106 2

% Recovery = (Spike Sample result - Sample Result)
Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result

Average of Spiked Sample
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ATI I.D. # 9101-167

POLYNUCLEAR AROMATICS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC, DATE SAMPLED : N/A
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8310 DILUTION FACTOR : 1

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
NAPHTHALENE <0.083
ACENAPHTHYLENE <0.17
ACENAPHTHENE <0.17
FLUORENE <0.017
PHENANTHRENE <0.0083
ANTHRACENE <0.0083
FLUORANTHENE <0.017
PYRENE <0.017
BENZO (a) ANTHRACENE <0.017
CHRYSENE <0.017
BENZO (b) FLUORANTHENE <0.017
BENZO (k} FLUORANTHENE <0.017
BENZO (a) PYRENE <0.017
DIBENZ (a,h) ANTHRACENE <0.034
BENZO (g,h, 1) PERYLENE <0.017
INDENO(1,2,3-cd) PYRENE <0.017
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ATI I.D. # 9101-167-3

POLYNUCLEAR AROMATICS
DATA SUMMARY

CLIENT ¢ GEOENGINEERS, INC. DATE SAMPLED : 01/22/91
PROJECT # ¢ 1299-003-B04 DATE RECEIVED s 01/23/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : 8B DATE ANALYZED : 02/09/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8310 DILUTION FACTOR : 10

[0)

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
NAPHTHALENE <4.0
ACENAPHTHYLENE <5.5
ACENAPHTHENE <5.5
FLUORENE <0.55
PHENANTHRENE 9.0
ANTHRACENE 28
FLUORANTHENE 29
PYRENE 36
BENZO (a) ANTHRACENE 11
CHRYSENE - 14
BENZO (b) FLUORANTHENE 11
BENZO (k) FLUORANTHENE 6.2
BENZO (a) PYRENE 17
DIBENZ (a, h) ANTHRACENE <1.6
BENZO (g, h, i) PERYLENE 18
INDENO (1,2, 3~-cd) PYRENE 14
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ATI I.D. # 9101-167-16

POLYNUCLEAR AROMATICS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED s 01/22/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/23/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : 8C 0.3-2.0° DATE ANALYZED : 02/09/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD ¢ 8310 DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

NAPHTHALENE 0.87

ACENAPHTHYLENE 0.50

ACENAPHTHENE <0.57

FLUORENE -40

PHENANTHRENE -

ANTHRACENE .47

FLUORANTHENE .

PYRENE -

BENZO {a) ANTHRACENE .

CHRYSENE

BENZO (b) FLUCRANTHENE
BENZO (k) FLUORANTHENE
BENZO (a) PYRENE
DIBENZ (a,h) ANTHRACENE
BENZO (g, h, i) PERYLENE
INDENO(1,2,3-cd) PYRENE

® L] o ® [}

Wb B RNBENONO O
L]
POWWUWMO OW- & b
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ATI I.D. # 9101-167

POLYNUCLEAR AROMATICS
QUALITY CONTROL DATA

CLIENT ¢ GEOENGINEERS, INC. SAMPLE I.D. : 101289-32
PROJECT # : 1299-003-B04 DATE EXTRACTED : 01/30/91
PROJECT NAME : UNIMAR, INC. DATE ANALYZED : 02/08/91
EPA METHOD : 8310 MATRIX : SOIL
UNITS : mg/Kg
. pup DUP
SAMPLE SPIKE SPIKED % SPIKED %

COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
ACENAPHTHYLENE <0.17 16.6 11 66 11 66 0
PHENANTHRENE <0.034 1.77 1.4 79 1.5 93 7
PYRENE <0.017 1.76 1.8 102 1.9 108 5
BENZO (k) FLUORANTHENE 0.0083 1.50 1.2 76 1.4 89 15

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result

Average of Spiked Sample
Cc - 188
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POLYNUCLEAR AROMATICS
QUALITY CONTROL DATA

CLIENT ¢ GEOENGINEERS, INC. SAMPLE I.D. : 101289-32
PROJECT # : 1299-003-B04 DATE EXTRACTED : 01/30/91
PROJECT NAME : UNIMAR, INC. DATE ANALYZED : 02/08/951
EPA METHCD ¢ 831 MATRIX : S0IL
UNITS : mg/Kg
DUP DUP
SAMPLE SPIKE SPIKED % SPIKED %
COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
ACENAPHTHYLENE <0.17 16.6 11 66 N/A N/A N/A
PHENANTHRENE <0.034 1.77 1.3 73 N/A N/A N/A
PYRENE <0.017 1.76 1.7 97 N/Aa N/A N/A
BENZO (k) FLUORANTHENE <0.0083 1.58 1.3 82 N/A N/A N/A
% Recovery = (Spike Sample Result - Sample Result)
“““““““““““““““““““““““““““““““““““““ ¥ 106
Spike C@ﬁceﬁtr tion
RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa ®x 100

Average of Spiked Sample

¢ — 189
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ATI I.D. # 9101-167

GAS CHROMATOGRAPHY RESULTS *

CLIENT : GEOENGINEERS, INC. MATRIX : WATER
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC. UNITS : ng/L.
10E BETA 8A WATER 8C
RINSATE SAMPLE INTERSTITIAL WATER
PARAMETER -1 -2 =15
MONOBUTYLTIN <1l <1 82
DIBUTYLTIN <1 <1 90
TRIBUTYLTIN <1 9.2 310
TETRABUTYLTIN <1 <1 160

* Analyzed by GC/FPD, Method Battelle N05196300.
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CLIENT
PROJECT #

PROJECT NAME
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)é é{\. AndlyticalTechnologies,inc.

GEOENGINEERS,

1299-003-B04
UNIMAR, INC.

10E BETA
RINSATE

22

METALS RESULTS

INC.

SAMPLE
-2

WATER
=15

ATI I.D. # 9101-167

MATRIX : WATER
UNITS : mg/L

= e s e S SR SR W AT QO T T e SR S R S S G O D S S GRS S5 S SN S e S S

8C INTERSTITIAL

> 2 @ s T I S D D S R T G e o G S SO ON T TR R AN SED € e S o 4D D S S A e S S S S S D D S S S e e S S S S S S i G T D M G G < D S D T I T D T

BARIUM

CADMIUM

CHROMIUM

COPPER

LEAD

MERCURY

NICKEL

SELENIUM

SILVER

ZINC

* Increased detection limit due to limited sample.

<0.005

<0.06

<0.0003

<0.02

<0.02

<0.005

<0.0005

<0.03

<0.005

<0.02

0.02

<0.005

<0.06

<0.0003

<0.02

<0.02

<0.005

<0.0005

<0.03

<3.005

<0.02

0.01

C - 191

<0.00603

<0.02

0.03

<0.005

<0.002%*

<0.03

<0.005

<0.02

<0.01

;GQGOS
<0.06
<0.0003
<0.02
<0.02
<0.005
<0.0005
<0.03
<0.005
<0.02

<0.01
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ATI I.D. # 9101-167

METALS QUALITY CONTROL

CLIENT
PROJECT #

PROJECT NAME

¢ GEOENGINEERS, INC.
: 1299-003-B04
: UNIMAR, INC.

—————————— — ———————— — Y ———— —————— - ——————— — —— —— G ——— —— — — — . ——— — — —— - — W C—————

ARSENIC

ARSENIC

BARIUM

CADMIUM

CHROMIUM

COPPER

LEAD

LEAD

MERCURY

MERCURY

NICKEL

SELENIUM

SILVER

ZINC

9101-167-15

BLANK SPIKE

9101-167-15

9101-174-2

9101-191-13

9101-174-2

9101-184-3

BLANK SPIKE

9101-202-2

BLANK SPIKE

9101-167-15

9101-167-15

9101-191-13

9101-167-15

* out of limits.

** Due to the necessary

attainable.

MATRIX :

UNITS :
SAMPLE DUP SPIKED SPIKE
RESULT RESULT RPD SAMPLE CONC
0.042 0.036 15 0.052 0.025
N/A N/A N/A 0.024 0.025
0.16 0.18 12 16.8 20.0
0.0012 0.0009 29 0.0019 0.0010
<0.02 <0.02 0 1.98 2.50
0.65 0.59 10 3.04 2.50
0.113 0.112 1 * % **
N/A N/A N/A 0.033  0.025
<0.0005 <0.0005 O 0.0030 0.0020
N/A N/A N/A 0.0029 0.0020
<0.03 <0.03 0 2.48 2.50
<0.005 <0.005 O 0.018 0.025
<0.02 <0.02 0 0.94 1.00
<0.01 <0.01 0 0.49 0.50

dilution of the sample, result was not

% Recovery = (Spike Sample Result - Sample Result)

RPD (Relative %

—— — ——— —— ———

Spike Concentration

Difference) =

Average Result

C - 192

(Sample Result - Duplicate Result)

83

70

79

96

%* %

132

150%*

145

99

72

94

98
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ATI # 9101-167

METALS ANALYSIS

CLIENT
PROJECT #
PROJECT NAME
SAMPLE MATRIX

GEOENGINEERS, INC.
1293%-003-B04
UNIMAR, INC.
SEDIMENT

40 %8 ©® ©8

e o e oo eom or S me o S Sn MR CIE T T S CED STD T I S S9S €2 S D TS5 EER A5 SRR I5D GED CIR M £ Smn GRS G55 @S SIS S D TPY ST S S S e f e S S T D S D S GO Qe AR D G55 M W S

ELEMENT DATE PREPARED DATE ANALYZED
ARSENIC 01/30/91 02/08/91
BARIUM 01/30/91 02/12/91
CADMIUM 01/30/91 02/06/91
CADMIUM 01/30/91 02/07/91
CHROMIUM 01/30/91 02/07/91
COPPER 01/30/91 02/07/91
LEAD 01/30/91 02/06/91
LEAD 01/30/91 02/07/91
MERCURY 01/30/91 02/22/91
NICKEL 01/30/91 02/07/91
SELENIUM 01/30/91 02/08/91
SILVER 01/30/91 02/08/91
ZINC 01/30/91 02/07/91
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ATI I.D.# 9101-167

METALS RESULTS

CLIENT : GEOENGINEERS, INC. MATRIX : SEDIMENT
PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR, INC. UNITS : mg/Kg
ATI I.D. # CLIENT I.D. ARSENIC BARIUM CADMIUM CHROMIUM
9101-167-3 8B 0-0.3/ 71 92 2.4 47
9101-167-5 8D 0.3-0.57 - - 3.6 -
9101-167-6 8E 0.5-1.0' - - <2 -
9101-167-7 8F 1.0-1.5’ - - <4 -
9101-167-8 8G 1.5-2.01 - - <3 -
9101-167-9 8H 2.0-2.57 - - <3 -
9101-167-10 8I 2.5-3.0/ - - 3 -
9101-167-11 8J 3.0-3.57 - - 2 -
9101-167-12 8K 3.5-4.0’ - - <5 -
9101-167-13 8L 4.0-4.57 - - <5 -
9101-167-14 8M 4.5-4.87 - - 12 -
9101-167-16 8C 0.3-2.0' 24 92 3.0 32
REAGENT BLANK - <0.5 <6 <1 <2
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CLIENT
PROJECT #

PROJECT NAME

ATI I.D. #

29101-167-3
9101~167-5
9101-167~6
9101-167-7
9101-167-8
9101-167-9
9101-167-10
9101~-167-11
9101~167-12
9101~-167-13
9101~-167-14
9101-167-16

REAGENT BLANK

e a® 90

GEOENGINEERS,
1299-003~-B04
UNIMAR, INC.

CLIENT I.D.

0 T R G T T S D A W XD AT ED XD T TEB FED X €D EXD KD XD T CID IR TID D D D WD T T D WD D G D £ T G D D O I T T D D G D S S G T SN D U GUD OF5 S5 G50 T 3 Qi A% cixs e amm mn

8B
8D
8E
8F
8G
8H
81
8J
8K
8L
8M
8C

@

@
meU“O({IOmOWWO

o

®
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i

®
°

i
QOO UVOULOLMOW

@
3
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03

]
L]

®
3

O A b W LN N P e DD
[
i

B e o o L0 L DD e e D W
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METALS RESULTS

INC.

170
62
56
120
150
180
68
39
13
16
iz
94
<2

C - 195

COPPER

250
61
53
160
180
350
83
45
<50
<45
<40
130
<10

ATI I.D.# 9101-167

SEDIMENT
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METALS RESULTS

ATI I.D.# 9101-167

CLIENT
PROJECT #
PROJECT NAME

0 e 0o

GEOENGINEERS, INC.

1299-003-B04
UNIMAR, INC.

CLIENT I.D.

SEDIMENT

mg/Kg

9101-167-3
9101-167-5
9101-167-6
9101-167-7
9101-167-8
9101-167-9
9101-167-10
9101-167-11
9101-167-12
9101-167-13
9101-167-14
9101-167-16
REAGENT BLANK

8B 0-0.37

8D 0.3-0.57
8E 0.5-1.0'
8F 1.0-1.5'
8G 1.5-2.0/
8H 2.0-2.5'
8I 2.5-3.0'
8J 3.0-3.5/
8K 3.5-4.0'
8L 4.0-4.5'
8M 4.5-4.8"
8C 0.3-2.0'

<0.5
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ATI I.D. # 2101-167
METALS QUALITY CONTROL
CLIENT ¢ GEOENGINEERS, INC. MATRIX : SEDIMENT
PRCJECT # s 1299~003-Bo4
PROJECT NAME : UNIMAR, INC. UNITS : mg/Kg
T SAMPLE DUP  SPIKED SPIKE %
PARAMETER ATI I.D. RESULT RESULT RPD SAMPLE CONC REC
ARSENIC 9101-167-16 24 30 22 *% %k %
ARSENIC BLANK SPIKE N/A N/A N/A 1.5 1.3 115
BARIUM 9101-167-16 92 S2 O 1,400 1,600 82
CADMIUM S8101-167-16 3.0 2.3 26 74.8 82.0 88
CHROMIUM 9101-167~16 32 32 O 334 4390 74
COPPER 9106i1-167-16 84 95 1 411 410 77
LEAD 89101-167-16 130 i30 o 927 820 97
MERCURY 2101-216-4 1.0% <0.80 0 1.78 i.67 44%
MERCURY BLANK SPIKE N/A N/A N/A 0.44 0.50 88
NICKEL 9101~-167-16 49 46 6 418 410 S0
SELENIUM 9101-167~-16 <1 <1 0 1.9 4.3 46%
SELENIUM BLANK SPIKE N/A N/A N/A 1.1 1.2 92
SILVER 9101-167-16 <2 <2 o 74 82 S0
ZINC 29101-167-16 260 270 4 5066 410 60*
ZINC BLANK SPIKE N/A N/A N/A 230 250 92
* Out of limits due to matrix interference.
%% Due to the necessary dilution of the sample, result was not
attainable.
% Recovery = (Spike Sample Result - Sample Result)
===================================== X 100
Spike Concentration

RPD (Relative % Difference) = (Sample Result - Duplicate Result)

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm x 100
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ATI I.D. # 9101-167

GENERAL CHEMISTRY

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.

CLIENT
PROJECT #
PROJECT NAME

0 08 00 oo

SAMPLE MATRIX : WATER
ANALYSIS DATE PREPARED DATE ANALYZED
HARDNESS 02/08/91 02/08/91

C — 108
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ATI I.D. # 9101-167

GENERAL CHEMISTRY RESULTS

CLIENT ¢ GEOENGINEERS, INC. MATRIX : WATER
PROJECT # ¢ 1289-003-B04 .

PROJECT NAME : UNIMAR, INC. UNITS : mg/L
ATI I.D.# CLIENT I.D. HARDNES

8101-3167-2 8A WATER SAMPLE 42

REAGENT BLANK - <5

- 199
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ATI I.D. # 9101-167

GENERAL CHEMISTRY QUALITY CONTROL

CLIENT : GEOENGINEERS, INC. MATRIX : WATER

PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR, INC. UNITS : mg/L
ATTI SAMPLE DUP SPIKED SPIKE %

PARAMETER . I.D. RESULT RESULT RPD RESULT ADDED REC

HARDNESS 9102-011-2 27 24 12 552 500 105

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration
RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result
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ATI I.D. # 9101-167

GENERAL CHEMISTRY

CLIENT : GEOENGINEERS, INC.

PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR, INC.

SAMPLE MATRIX : SEDIMENT

ANALYSIS DATE PREPARED DATE ANALYZED
PETROLEUM HYDROCARBONS 01/28/91 01728791
MOISTURE - 01/29/7%1
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ATI I.D. # 9101-167

GENERAL CHEMISTRY RESULTS

CLIENT ¢ GEOENGINEERS, INC. MATRIX : SEDIMENT
PROJECT # ¢ 1299-003-B04

PROJECT NAME : UNIMAR, INC. UNITS : mg/Kg
ATI I.D. # CLIENT I.D. PETROLEUM HYDROCARBONS

9101-167-3 8B 0-0.3’ 120

9101-167-7 8F 1.0-1.5" 350

9101-167-16 8C 0.3-2.0' 70

REAGENT BLANK - <5
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CLIENT
PROJECT #

PROJECT NAME

T D R T R R G G D G D D S T I D D e R 5 D D S G D S R T s D

CLIENT I.D.

ATI I.D. #

@
®
®
e
©
®©

GENERAL CHEMISTRY RESULTS

GEOENGINEERS, INC.

1299~003-B04

UNIMAR, INC.

34

e om e oE2

MCISTURE

ATI I.D.

MATRIX

UNITS

#

9101-167

SEDIMENT

= o5s am wn

= 006 @R XD D I D e WD U W D D B A T R TXD A D T 40P O O B B T D > T T D D R R XD GO T D QD (D T EH D QS D D D T D S D D D) D S D T T D D D D o D SR S S

9101-167-3
9101-167-5
9101~167~6
2101-167~7
9101~-167-8
9101-167-9
9101-167-10C
9101-167-11
9101-167-12
9101-167-13
9101-167~-14
9101-167-16

.

° i
wLﬂOWO(ﬂOUﬂOUﬂWO

8B
8D
8E
8F
8G
8H
81
87
8K
8L
8M
8C

9
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®
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®
°

®
®

@
]
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o
o

O W WA NROODO
§

B b b b W) W B DN e e D
®

79
67
69
80
82
83
71
79
20
89
88
70
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ATI I.D. # 9101-167

GENERAL: CHEMISTRY QUALITY CONTROL

CLIENT ¢ GEOENGINEERS, INC.
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC.

MATRIX : SEDIMENT

SPIKED SPIKE

RESULT RESULT RPD RESULT ADDED REC

ATI SAMPLE DUP
PARAMETER UNITS I.D.
PETROLEUM
HYDROCARBONS mg/Kg 9101-167-16 70 75
MOISTURE % 9101-167-13 89 89
MOISTURE % 9101-220-2 71 72

% Recovery = (Spike Sample Result - Sample Result)

Spike Concentration

348 248 112

N/A N/A N/A

N/A N/A N/A
X 100

RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result

C - 204
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DATE ..{!Z?_/fé_ PAGE _2 OF 2.

PROJECT MANAGER: _ YAuL L)< RN

560 Naches Avenue SW, Suite 101 Renton,WA 98055 (206)228-8335 Chaln Of CUStOdy LABORATORY NUMBER' 9/ 0 / / PA 7

COMPANY: Geo NGRS LS ] " § - gi ‘i
ADDRESS: ___ S (¢ Pac: 4 slg al |3 |E & e P
, FE P - HHERREREN
PHONE: ‘7% 520y SAMPLED BY: %u)oweﬁ AREEES % HEIEIRES 1l olo|%lS 2 YN &
7 %g:eg%g:§~§fz§ ML R R R R ¢
|4 « - .3 B P B
£<588§d‘35533%3v§8§5 HF: gg_._,_,ﬁ-f‘.
W 3
_eags‘ae en°3§"-$a <| |5 1E[8lg1R|8| 2| })S
HE sssa;%éi%s 212]5| 8| 8| #|a 2|8|8|s|2|sl\5] 2
&}‘M \Szplm‘.‘/\jr / e
QL 4o -4.5"  |iz2/e/]1355]|C.V -4
Sm | 45 -4.9' olws | & -4
gC_ prei i3s59]| b | =/
g8, v L J leed |-t X1 X X
. ' PROJECT INFORMATION | SAMPLERECEPT {RELINQUISHED BY: <|REL
PROJECT NUMBER: 19.66- 003 - BOY | TOTAL NUMBER OF CONTAINERS Time: | Signature Time:
PROJECT NAME: Un, iy~ Tore COC SEALS/INTACT? YN/NA ] _
PURCHASE ORDER NUMBER: RECEIVED GOOD COND./COLD | (A ’;fmw Name: Z°7‘°~ Pritod Name: Dete: | Privted Name Date:
ONGOINGPROJECT? YES @ NO [ | RECEIVED ViA: M) Ao Wervp ¢
- PRIOR AUTHORIZATION IS REQUIRED FOR RUSH PROJECTS Company: Compary:. Company
TAT (NORMAL)BZWKSI (RUSH) [J 24HR [J48HRS []72HRS []1WK
— Si : " : :
GREATERTHAN 24 HR. NOTICE?  YES [] NO[]  (LABUSEONLY) gracre %T 5 Signature Time
SPECIAL INSTRUCTIONS: Printed Name: Date:| Printed Name: Date: | Printed Name: Date:
45/’473' ?/
Company: Company: Analytical Technologies, Inc.

Al s: San Diego (619)458-9141 » Phoenix (602)438-1530 « Seattle (206)228-8335

nsacola (904)474-1001
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PROJECT NUMBER: &y \ o1 < 1] TOTAL NUMBER OF CONTAINERS %“’M

PROJECT NAME: (=000 701 'neer s | COC SEALSINTACT? YA /A /4174!2 o
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SPECIAL INSTRUGTIONS! (y11] £ouy T W01 - B3 10 1016w :73/5 |

¥ oy st b Rerm ey AL Company: .~ |Company: Analytical Technologies, Inc.
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ToxScan inc.

42 Hangar Way
Watsonvilie, CA 95076

(408) 724-4522

FAX {408) 724-3188

Analvtical Technologies
3
Avenue SW, Suite 101

560 Naches

Renton, WA 98055

Attn: Donna McKinney

MATERIAL:

Inc.

February 22, 19981
REVISED REPORT: August 25, 1919,
to include QA/QC

2

Water samples received January 29, 1991
February 21, 1991
Gec engineers

REPORT: Quantitative chemical analysis is as
fcllows, expressed as nanograms per liter
(parts per trilliomn) as received:
Tripropyi
Tin
Sample 1D Moncbutylitin Dibutyltin Tributyltin Tetrabutyitin Surrogate
9101-167-1 ND ND ND NP 52
G6101-167-2 ND ND .2 ND 45
9101-167-15 82 90 310 160 100
9101-167-1
-Spike recovery 66% 78% 86% 75% 59
ND = None detected
Detection limit == 1 part per trillion

c - 209
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560 Naches Avenue SW, Suite 101 Renton,WA 98055 (206)228-8335 Cha

TOXSCAN

]

/

pd

zs,

|
DATE ___/35_/3_'_ PAGE _LCF_'_ ~

= 257

in of Custody LABORATORY NUMBER:

PROJECT MANAGER: __ Donna _ Me¢ K, ey 3 NALYSIS REQUEST
COMPANY: ____ AT -Reirhom 3 ., § I g[
ADDRESS: ’v' 3| ol [2] [B 515
S|z g g 2l 1o al|s
HEREPRERERERE diglof | |g | d
PHONEXZ6228 - 325 SAMPLED BY: E,z 3|3 s § é'w SREHE HE = TR
T SAMPLE DISPOSAL INSTRUCTIONS : § 5| 2 HEIEEER |z % 2 g|2 g gl § ES
50 2| 513|8|3]g| &| 3| £| 2| £|& § § 2|=(8]8 g|
[ AT Disposal @ $5.00 each mnetum NN MM E gz.n.ﬁ 22| §
e ::;;‘98?5329°£388§$'.‘28x '-Zéggﬁgﬁf
TvE | MaTRIx|LABD | 3| 8| 8| 8] 8| 8| 8| 8| 5| 5| £|3[%|B| 2| .| » |3 |E|8|8[8|5] 2] T
Water|— 5/ v
| -2 X /
J/ - '/

- / / - 2
-~ 97 N
e T gpmn S

. R :-";.;f~ N

PROJECT NUMBER: G104 - 1 b7

PROJECT NAME: Goneng  r#evs.

‘COC SEALS/INTACT? YAN/NA

PURCHASE ORDER NUMBER: 077 O.9

RECEIVED GOOD COND./COLD

RECEIVED VIA:

Date: | Printed Name: Date:

ONGOINGPROJECT?  YES [0 M [J)

UTHORIZATION 1$ REGUIRED FOR RUSH PROJECTS

)M /V/f% /za;/
T

{Company: 4

TAT: (NORMAL) 3 2wiks | . (RUSH)

RECEIVED BY; (LAB

v Jerratidinl U,0

Pleris o nchvide Ovoled ¥ on voice.

Ry W emre oy

[} 24HR  [J48HRS [J72HRS [J1WK vgﬁca\(spa _ RECEIVED| T

GREATERTHAN24HR. NOTICE?  YES [] NO []  (LABUSEONLY) gnature: ime: | Signature: me: | Signatre: —
%/ ittt S .7

SPECIAL INSTRUCTIONS: 104 4 cdlue ASAP! Printed Name: Date:] Printed Name: Date: [ Printed Name: Date:

Company: s

Company:

Analytical Technologies, Inc.

A

»: San Diego (619)458-9141 + Phoenix (602)438-1530 » Seattie (206)228-8335

nsacola (904)474-1001

DISTRIBUTION: White, Canary - ATl ¢ Pink - ORIGIt R
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RINSEATE SAMPLS 10A
10C

SEDIMENT SAMPLES 9A-9B
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):e !\, AnOIyTiCOITeChnOk)gieS,lnC. 560 Naches Avenue, S.W., Suite 101, Renton, WA 98055, (206) 228-8335

ATI I.D. # 9101-148

GeoEngineers

FEB 19199t -
Routing 2{;&9 e
0 {1

File (2745 6O2 -4doy

February 18, 1991

GeoEngineers, Inc.
8410 154th Avenue N.E.
Redmond, WA 98052

Attention : Paul Werner

Project Number : 1299-003-B04

Project Name : Unimar, Inc.

On January 22, 1991, Analytical Technologies, Inc., received two
water and two sediment samples for analysis. The samples were
analyzed with EPA methodology or equivalent methods as specified in
the attached analytical schedule. The results, sample cross

reference, and quality control data are enclosed.

This 1is a partial report as it does not contain the TCLP Metals
results. These results will follow in approximately 60 days.

iV Fodui ooty

Donna M. McKinne Frederick W. Grothkopp
Project Manager Technical Manager
FWG/elf
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foucd

ATI I.D. # 9101-148

SAMPLE CROSS REFERENCE SHEET

CLIENT
PROJECT #
PROJECT NAME

GEOENGINEERS, INC.
1299~-003~-B04
UNIMAR, INC.

86 08 09

ATI # CLIENT DESCRIPTION DATE SAMPLED MATRIX
9101-148-1 VAN VEEN-RINSATE 10C 01/21/91 © WATER
9101-148-2 SHELBY RINSATE 10A 01/21/91 WATER
9101-148-3 SA 0-0.3" 01/21/91 SEDIMENT
9101-148-4 9B 0.3-2.57 01/21/91 SEDIMENT
mmmmm TOTALS —--—-

MATRIX # SAMPLES

WATER 2

SEDIMENT 2

ATI STANDARD DISPCSAL PRACTICE
The samples from this project will be disposed of in thirty (30) days
from the date of this report. If an extended storage period is
required, please contact our sample control department before the
scheduled disposal date.

o]
|
g
==
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r)éAnolyticolTechnologies,lnc.

CLIENT

SEMI-VOLATILE COMPOUNDS

POLYCHLORINATED
BIPHENYLS (PCBs)

POLYNUCLEAR AROMATIC

HYDROCARBONS

ARSENIC

BARIUM

CADMIUM

CADMIUM

CHROMIUM

COPPER

LEAD

LEAD

MERCURY

MERCURY

NICKEL

SELENIUM

SILVER

ZINC

PETROLEUM HYDROCARBONS

MOISTURE

R = ATI - Renton
SD = ATI - San Diego
T = ATI - Tempe

UNIMAR,

ANALYTICAL SCHEDULE

¢ GEOENGINEERS, INC.
PROJECT # ¢ 1299-003-B04
PROJECT NAME :

ATI I.D. # 9101-148

GC/ECD

HPLC/UV

AA/GF

AA/F

AA/GF

AA/F

AA/F

AA/F

AA/GF

AA/F

AA/COLD VAPOR
AA/COLD VAPOR
AA/F

AA/GF

AA/F

AA/F

IR

GRAVIMETRIC

C - 214

REFERENCE LAB

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

METHOD 7-2.2

PNR
FC
SUB

8270 R
8080 R

8310

9]
)

7060

7080

7131

7130

7190

7210

7421

7420

7470

7471

7520

7740

7760

7950

418.1

W™ X © ® W H©H K W W N N X X X XN

ATI - Pensacola
ATI - Fort Collins
Subcontract



ég AnclyticalTechnologies,inc.

ATI I.D.

SEMI-VOLATILE ORGANICS ANALYSIS

CLIENT :

PROJECT # z

PROJECT NAME : UNIMAR, INC.

CLIENT I.D. H

SAMPLE MATRIX : SO0OIL

EPA METHOD ¢ 827¢
0

RESULTS BASED ON DRY WEIGHT

REAGENT BLANK

GEOENGINEERS, IKC.
1299-003-B04

DATA SUMMARY

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DITUTION FACTOR

¢® 09 S0 68 40 08

9101-148

N/A
N/A
01/23/91
01/31/91
gq/Kg

o oo o e e GO UG P T WS OUS TS CT D AD O G D s G o T S S TS D T E S D D S ST T G SNEs €a (b D A SR G 5 45D G SOR DD DD I A0 TO5 0D COp T S SR G0 X € T IO D0 B G K 5 90 S

COMPOUND

S s e 00 D 0 I KT OIS T T A U I G SR S S G @RS U QN5 P ERD G CE AT T T S I G G AN R exm $¥D G GUD T I I EON GO ©XD 0 0P T 0K OIS O TN S GO €O € dm D o N T MR 40 A S GO G 6

N-NITROSODIMETHYLAMINE
PHENOL

ANILINE

BIS (2-CHLOROETHYL) ETHER
2—-CHI.ORCPHENOL
1,3-DICHIOROBENZENE
1,4-DICHLOROBENZENE
BENZYI. AL.COHOL
1,2-DICHLOROBENZENE
2-METHYLPHENOL

BIS (2-CHLOROISOPROPYL) ETHER
4-METHYLPHENOL
N-NITROSO-DI~N-PROPYLAMINE
HEXACHLOROETHANE
NITROBENZENE

ISOPHORONE
2~-NITROPHENOL
2,4-DIMETHYLPHENOL
BENZOQIC ACID
BIS(2-CHLOROETHOXY)METHANE
2 ,4-DICHLOROPHENOL
1,2,4-TRICHLOROBENZENE
NAPHTHALENE
4~CHLOROANILINE
HEXACHLOROBUTADIENE
4-CHLORO-3-METHYLPHENOL
Z2-METHYLNAPHTHALENE
2,4,6-TRICHLOROPHENOL
2,4,5-TRICHLOROPHENOL
2~CHLORONAPHTHALENE
2-NITROANILINE
DIMETHYLPHTHALATE
ACENAPHTHYLENE
3=-NITROANILINE
ACERAPHTHENE

2, 4-DINITROPHENOL
4-NITROPHENOL

CONTINUED NEXT PAGE

]
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ATI I.D.

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT :
PROJECT # :
PROJECT NAME :
CLIENT I.D. :
SAMPLE MATRIX : SOIL
EPA METHOD : 8270
RESULTS BASED O

N DRY WEIGHT

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.
REAGENT BLANK

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

9101-148

N/A

N/A
01/23/91
01/31/91
mg/Kg

DIBENZOFURAN

2, 4-DINITROTOLUENE

2, 6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL~PHENYLETHER
FLUORENE

4-NITROANILINE
4,6-DINITRO-2-METHYLPHENOL
N-NITROSODIPHENYLAMINE
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE

ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE

BENZIDINE

PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO (a) ANTHRACENE

BIS (2-ETHYLHEXYL) PHTHALATE
CHRYSENE
DI-N-OCTYLPHTHALATE

BENZO (b) FLUORANTHENE

BENZO (k) FLUORANTHENE
BENZO (a) PYRENE
INDENO(1,2,3-cd) PYRENE
DIBENZ (a,h, ) ANTHRACENE
BENZO (g, h, i) PERYLENE

SURROGATE PERCENT RECOVERIES

NITROBENZENE-d5
2-FLUOROBIPHENYL
TERPHENYL-d14
PHENOL-d6
2-FLUOROPHENOL
2,4,6-TRIBROMOPHENOL

C - 216
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ATI I.D. # 9101-148

SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT : GECENGINEERS, INC. DATE SAMPLED s N/A
PROJECT # 2 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/23/%1
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 01/31/91
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

SCAN ESTIMATED
COMPOUND NUMBER CONCENTRATION
UNKNOWN 238 0.20
UNKNOWN 302 1.5

- 217
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ATI I.D. #

SEMI-VOLATILE ORGANICS ANALYSIS

CLIENT :

PROJECT # ¢ 1299-003-B04
PROJECT NAME : UNIMAR, INC.
CLIENT I.D. : 9A 0-0.3’
SAMPLE MATRIX : SEDIMENT
EPA METHOD : 8270
RESULTS BASED ON DRY WEIGHT

N-NITROSODIMETHYLAMINE
PHENOL
ANILINE
BIS (2-CHLOROETHYL) ETHER
2-CHLOROPHENOL

<0.68
HEXACHLOROETHANE
NITROBENZENE
ISOPHORONE
2-NITROPHENOL
2,4-DIMETHYLPHENOL
BENZOIC ACID
BIS (2-CHLOROETHOXY ) METHANE
2, 4-DICHLOROPHENOL
1,2,4-TRICHLOROBENZENE
NAPHTHALENE
4-CHLOROANILINE
HEXACHLOROBUTADIENE
4-CHLORO-3-METHYLPHENOL
2-METHYLNAPHTHALENE
HEXACHLOROCYCLOPENTADIENE
2,4, 6-TRICHLOROPHENOL
2,4, 5-TRICHLOROPHENOL
2-CHLORONAPHTHALENE
2-NITROANILINE
DIMETHYLPHTHALATE
ACENAPHTHYLENE
3-NITROANILINE
ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL

DATA SUMMARY

GEOENGINEERS, INC.

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

9101-148-3

01/21/91
01/22/91
01/23/91
01/31/91
mg/Kg

00 60 00 00 o0 e

CONTINUED NEXT PAGE
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ATI I.D. #

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED})

CLIENT
PROJECT #
PROJECT NAME

GEQOENGINEERS, INC.
1299-003~-B04
UNIMAR, INC,

CLIENT I.D. 94 0-0.3°
SAMPLE MATRIX SEDIMERNT
EPA METHOD 8270

Q) e se oo 96 0o oo

RESULTS BASED ON DRY WEIGHT

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTICON FACTOR

9101-148-3

01/21/91
01/22/91
01/23/91
01/31/91
ng/Kg

68 #8 0& Q8 00 88

= e S e e ST SO D T S SO T W D S OO TS T I W D D TS D GD G B D O D S S D S D ED D T EED I I T D G S D T SO SO NS T S AR O D €S G A QR S I D T Ty E S B T =

DIBENZOFURAN

2, 4-DINITROTOLUENE

2, 6=-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL~-PHENYLETHER
FLUORENE

4-NITROANILINE
4,6-DINITRO-2-METHYLPHENOL
N-NITROSODIPHENYLAMINE
4-BROMOPHENYL~-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE

ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE

BENZIDINE

PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO (a) ANTHRACENE

BIS (2-ETHYLHEXYL) PHTHALATE
CHRYSENE
DI-N~OCTYLPHTHALATE

BENZO (b) FLUORANTHENE

BENZO (k) FLUORANTHENE
BENZO (a) PYRENE
INDENGC(1,2,3-cd) PYRENE
DIBENZ (a,h, ) ANTHRACENE
BENZ2O(g,h, i) PERYLENE

SURROGATE PERCENT RECOVERIES

NITROBENZENE-d5
Z2-FLUOROBIPHENYL
TERPHENYL~-d14
PHENOL~d6
2-FLUGROPHENOL

2,4 ,6~-TRIBROMOPHENCL

C - 219
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SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT
PROJECT #
PROJECT NAME

1299-003-B04
UNIMAR, INC.

CLIENT I.D. 9A 0-0.3'
SAMPLE MATRIX SEDIMENT
EPA METHOD 8270

Q) oo oo 00 00 20 00

RESULTS BASED ON DRY WEIGHT

GEOENGINEERS, INC.

————————————————— —— - — — ———— —— ———— A > T T T —— G T T ———_— — e S — —————— -

—— . ———————— T ——— ——— ——— —— —  — — ———————]—— - ————— ———— T~ — —————" Y — A — " - —— —

UNKNOWN NITROGENATED
UNKNOWN

OXYGENATED HYDROCARBON
UNKNOWN

B = Also found in blank.

c - 220

ATI I.D. # 9101-148-3
DATE SAMPLED : 01/21/91
DATE RECEIVED : 01/22/91
DATE EXTRACTED : 01/23/91
DATE ANALYZED : 01/31/91
UNITS : mg/Kg
DILUTION FACTOR : 1

ESTIMATED
CONCENTRATION
1.2

15 B

1.3

0.67
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ATI I.D. # 9101-148

SEMI-VOLATILE ORGANIC
QUALITY CONTROL DATA

CLIENT : GEOENGINEERS, INC. SAMPLE 1I.D. : BLANK SPIKE
PROJECT # : 1299-003-B04 DATE EXTRACTED : 01/23/91
PROJECT NAME : UNIMAR, INC. DATE ANALYZED : 01/31/91
EPA METHOD : 8270 MATRIX : SOIL
UNITS : mg/Kg
DUP DUP
SAMPLE SPIKE SPIKED % SPIKED %
COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
1,2,4-TRICHLOROBENZENE <0.17 3.33 2.15 65 2.21 66 2
ACENAPHTHENE <0.17 3.33 1.95 58 2.02 61 4
2,4-DINITROTOLUENE <G0.17 3.33 2.29 69 2.39 72 5
PYRENE <0.17 3.33 2.06 &2 2.37 71 14
N-NITROSO-DI-N-PROPYLAMINE <0.17 3.33 2.38 71 2.63 79 10
1,4-DICHLORCBENZENE <0.17 3.33 2.20 66 2.24 67 2
PENTACHLOROPHENOL <0.85 13.34 8.04 61 7.87 59 2
PHENOCL <0.17 6.67 3.79 57 3.83 57 1
2-CHLOROPHENOL <0.17 6.67 3.88 60 3.97 60 0
4~-CHLORO-3-METHYLPHENOL <0.17 6.67 3.46 52 3.27 49 6
4-NITROPHENOL <0.85 13.34 11.9 90 12.6 94 5
¥ Recovery = (Spike Sample Result - Sample Result)
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ¥ 100
Spike Concentration
RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike}
Result Sample Result
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@ ¥ 100

Average of Spiked Sample

¢ - 221
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CLIENT

PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD

e 00 0% S0 e o0

COMPOUND

PCB
PCB
PCB
PCB
PCB
PCB
PCB

1016
1221
1232
1242
1248
1254
1260

10

ATI I.D

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.
REAGENT BLANK
WATER

8080 (PCB)

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

. # 9101-148

N/A

N/A
01/23/91
02/03/91
ug/L

0 80 00 o0

C - 222
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CLIENT

PROJECT #
PROJECT NAME
CLIENT
SAMPLE MATRIX
EPA METHOD

I.D.

20 B ©¥e B8 A4d 68

11

GEOQENGINEERS, INC.

1299-003-B04
UNIMAR, INC.

VAN VEEN-RINSATE 10C

WATER
8080 (PCB)

ATI I.D. #

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

9101-148-1

a0 ©00 DO B0 6B B

01/21/91
0i1/22/91
01/23/%1
02/03/91
ug/L

1

e e e o o T T S o T D I D S G G e S G e R W IR D SR I R G D G TN IR S R S S CmS e S T Chm S SED G S D SRS 2 G SR 28 S 2wt S TSI TER W (D D X

COMPQUND

= oo Tov e @ oo e =T D e G TP TED SR R GOD S5 SED S5 I TS S G TED EED 800 Gu T T D G IS WD G GO i S 90N G D N €08 S GO G QN TS SIS AN SN TN XY EED OIS TN XN ER EXD I G G S5 G G DI TN X D e

PC

PCB
PCB
PCB
PCB
PCB
PCB

1016
1221
1232
1242
1248
1254
1260

¢ - 223
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CLIENT

PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD

PCB
PCB
PCB
PCB
PCB
PCB
PCB

1016
1221
1232
1242
1248
1254
1260

s 86 06 00 00 o

12

DATA SUMMARY

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.
SHELBY RINSATE 10A
WATER

8080 (PCB)

C - 224

ATI I.D. #

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

9101-148-2

01/21/91
01/22/91
01/23/91
02/03/91
ug/L

1

0 00 20 00 03 oo
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ATI I.D. # 9101-148

POLYCHLORINATED BIPHENYLS (PCB)
QUALITY CONTROL

CLIENT : GEOENGINEERS, INC. SAMPLE ID 2 9101-148-2
PROJECT ¢ ¢ 1299-003-B04 DATE EXTRACTED : 01/23/9%1
PROJECT NAME : UNIMAR, INC. DATE ANALYZED : 02/03/91
EPA METHOD : 8080 (PCB) : MATRIX ¢ WATER

UNITS : ug/L

pup DuUP
SAMPLE CONC SPIKED % SPIKED %

COMPOUND RESULT SPIKED SAMPLE REC SAMPLE RECOVERY RPD
PCB 1260 <1.0 9.3 S.03 a7 9.83 106 8

M
o
D
in
=
foesd
et
es?

% Recovery = (Spike Sample result - Sampl

Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result

Average of Spiked Sample

C - 225
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14

ATI I.D. # 9101-148

POLYCHLORINATED BIPHENYLS (PCB)
QUALITY CONTROL

SAMPLE

DATE EXTRACTED
DATE ANALYZED

MATRIX
UNITS

BLANK SPIKE
01/23/91
02/03/91
WATER

ug/L

ID

*0 40 BE 09 e

CLIENT ¢ GEOENGINEERS, INC.
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC.
EPA METHOD : 8080 (PCB)

SAMPLE CONC SPIKED
COMPOUND RESULT SPIKED SAMPLE
PCB 1260 <1.0 10 9.77

% Recovery = (Spike Sample result - Sample Result)

Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)

Result

Sample Result

Average of Spiked Sample

Cc - 226
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ATI I.D. # 9101-148

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : N/A
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/23/91
CLIENT I.D. ¢ REAGENT BLANK DATE ANALYZED : 02/03/91
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1

o

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
PCB 1016 <0.033
PCB 1221 <0.033
PCB 1232 <0.033
PCB 1242 <0.033
PCB 1248 <0.033
PCB 1254 <0.033
PCB 1260 <0.033

Cc - 227
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ATI I.D. # 9101-148-3

POLYCHLORINATED BIPHENYLS (PCB} ANALYSIS
DATA SUMMARY

CLIENT ¢ GEOENGINEERS, INC. DATE SAMPLED : 01/21/91
PROJECT # ¢ 1299-003-B04 DATE RECEIVED s 01/22/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/23/%1
CLIENT I.D. : 9A 0-0.3° DATE ANALYZED : 02/03/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DITUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

PCB 1016 <0.13

PCB 1221 <0.13

PCB 1232 <0.13

PCB 1242 <0.13

PCB 1248 <0.13

PCB 1254 <0.13

PCB 1260 <0.13

Cc - 228
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ATI I.D. # 9101-148-4

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/21/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/22/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/23/91
CLIENT I.D. : 9B 0.3-2.5' DATE ANALYZED : 02/03/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1

o

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
PCB 1016 <0.058
PCB 1221 <0.058
PCB 1232 <0.058
PCB 1242 <0.058
PCB 1248 <0.058
PCB 1254 <0.058
PCB 1260 <0.058

Cc - 229
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18

ATI I.D. # 9101-148

POLYCHIORINATED BIPHENYLS (PCB}
QUALITY CONTROL

SAMPLE

DATE EXTRACTED
DATE ANALYZED

MATRIX
UNITS

9101-148~4
01/23/91
02/03/91
SEDIMENT
mg/Kg

Ib

88 99 66 @6 0O

CLIENT ¢ GEOENGINEERS, INC.
PROJECT # : 1299-003~B04
PROJECT NAME : UNIMAR, INC.
EPA METHOD : 8080 (PCB)

SAMPLE CONC SPIKED
COMPOUND RESULT SPIKED SAMPLE
PCB 1260 <0.058 0.58 0.586

Spike Concentration

% o e e T R AR S G S D O T A G G S D S I I WD XS KD I G0 o0 6 D G SmE E S 4D 00 o Gr S . T S S G W

% Recovery = (Spike Sample result - Sample Result)

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Resul

Sample Result

Average of Spiked Sample

—~ 230
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ATI I.D. # 9101-148

POLYCHLORINATED BIPHENYLS (PCB)
QUALITY CONTROL

CLIENT ¢ GEOENGINEERS, INC. SAMPLE ID : BLANK SPIKE
PROJECT # ¢ 1299-003-B04 : DATE EXTRACTED : 01/23/91
PROJECT NAME : UNIMAR, INC. DATE ANALYZED : 02/03/91
EPA METHOD : 8080 (PCB) MATRIX ¢ SOIL
UNITS : mg/Kg
DUP DUP
SAMPLE CONC SPIKED 3 SPIKED %
COMPOUND RESULT SPIKED SAMPLE REC SAMPLE RECOVERY RPD
PCB 1260 <0.033 0.33 0.376 114 0.346 105 8

% Recovery = (Spike Sample result - Sample Result)

Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result

Average of Spiked Sample

C - 231
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ATI I.D. # 9101-148

PCLYNUCLEAR AROMATICS ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : N/A
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/23/91
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 02/07/91
SAMPLE MATRIX : WATER UNITS : ug/L
EPA METHOD : 8310 DILUTION FACTOR : 1
COMPOUND RESULT

NAPHTHALENE <0.50

ACENAPHTHYLENE <1.0

ACENAPHTHENE <1.0

FLUORENE <0.10

PHENANTHRENE <0.05

ANTHRACENE <0.05

FLUORANTHENE <0.10

PYRENE <0.10

BENZO (a) ANTHRACENE <0.10

CHRYSENE <0.10

BENZO (b) FLUORANTHENE <0.10

BENZO (k) FLUORANTHENE <0.10

BENZO (a) PYRENE <0.10

DIBENZ (a,h) ANTHRACENE <0.20

BENZO(g,h, i) PERYLENE <0.10

INDENO(1,2,3-cd) PYRENE <0.10
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21

ATI I.D. #

POLYNUCLEAR AROMATICS ANALYSIS

CLIENT
PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD

WATER
8310

DATA SUMMARY

GEOENGINEERS, INC.
1299-003-B04

UNIMAR, INC.

VAN VEEN-RINSATE 10C

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

9101-148-1

88 86 00 00 40 00

01/21/91
01/22/91
01/23/91
02/08/91
ug/L

NAPHTHALENE
ACENAPHTHYLENE
ACENAPHTHENE

FLUORENE

PHENANTHRENE
ANTHRACENE
FLUORANTHENE

PYRENE

BENZO (a) ANTHRACENE
CHRYSENE

BENZO (b) FLUORANTHENE
BENZO (k) FLUORANTHENE
BENZO (a) PYRENE
DIBENZ (a,h) ANTHRACENE
BENZO(g,h, 1) PERYLENE
INDENO(1,2,3—-cd) PYRENE

C - 233
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ATI I.D. #

POLYNUCLEAR AROMATICS ANALYSIS

CLIENT
PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD

1299-003-B04
UNIMAR, INC.

WATER
8310

9 08 9o 80 BH 0O

COMPOUND

DATA SUMMARY

GEOCENGINEERS, INC.

SHELBY RINSATE 10A

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

9101-148-2

01/21/921
01/22/%91
01/23/91
02/08/91
ug/L

Y8 88 00 we 66 Do

T D T T T EXD D T D T S0 R Ghi T T G G s G S5 SIS EED D D TID CED ERD QU S S D GO DI A G5 2N GED IS D SN SN EED GED G5 G SR G S S D GHD G SED e D 55 S e [ X EnD Eny s D TS SR S5 e o

NAPHTHALENE
ACENAPHTHYLENE
ACENAPHTHENE

FLUORENE

PHENANTHRENE
ANTHRACENE
FLUORANTHENE

PYRENE

BENZO (a) ANTHRACENE
CHRYSENE

BENZO (b) FLUORANTHENE
BENZO (k) FLUORANTHENE
BENZO (a) PYRENE
DIBENZ (a,h) ANTHRACENE
BENZO(g,h, i) PERYLENE
INDENO (1,2, 3-cd) PYRENE
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ATI I.D. # 9101-148

POLYNUCLEAR AROMATICS
QUALITY CONTROL DATA

CLIENT ¢ GEOENGINEERS, INC. SAMPLE I.D. : 9101-148-1
PROJECT # : 1299-003-B04 DATE EXTRACTED : 01/23/91
PROJECT NAME : UNIMAR, INC. DATE ANALYZED : 02/07/91
EPA METHOD : 8310 MATRIX : WATER
UNITS : ug/L
DUP DUP
SAMPLE SPIKE SPIKED % SPIKED ‘%
COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
ACENAPHTHYLENE <1.0 87.4 64 73 46 53 33%*
PHENANTHRENE <0.05 8.84 6.3 71 6.5 74 3
PYRENE <0.10 8.46 6.6 78 5.9 70 11
BENZO (k) FLUORANTHENE <0.10 6.84 6.0 88 5.9 86 2
DIBENZ (a,h) ANTHRACENE <0.20 9.46 7.5 79 7.1 75 6

* oOut of limits.

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result

Average of Spiked Sample

o 718
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ATI I.D. # 9101-148

POLYNUCLEAR AROMATICS
QUALITY CONTROL DATA

CLIENT : GEOENGINEERS, INC. SAMPLE I.D. : BLANK SPIKE
PROJECT # : 1299-003-B04 DATE EXTRACTED : 01/23/9%91
PROJECT NAME : UNIMAR, INC. DATE ANALYZED : 02/07/91
EPA METHCD : 8310 MATRIX : WATER

UNITS : ug/L

DupP pup
SAMPLE SPIKE SPIKED % SPIKED %

COMPQOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
ACENAPHTHYLENE <1.0 87.4 47 54 N/A N/A N/A
PHENANTHRENE <0.05 8.84 7.1 80 N/A N/A N/A
PYRENE <0.10 §.46 6.9 82 N/A N/A N/A
BENZO (k) FLUORANTHENE <0.10 6.84 6.6 96 N/A N/A N/A
DIBENZ (a,h) ANTHRACENE <0.20 9.46 7.4 78 N/A N/A  N/A

% Recovery = {Spike Sample Result - Sample Result)
Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result

Average of Spiked Sample

~ - 234
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ATI # 9101-148
METALS ANALYSIS

CLIENT
PROJECT #
PROJECT NAME
SAMPLE MATRIX

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.
WATER

ELEMENT DATE PREPARED DATE ANALYZED
ARSENIC 01/23/91 02/08/91
BARIUM 01/23/91 01/28/91
CADMIUM 01/23/91 02/12/91
CHROMIUM 01/23/91 02/08/91
COPPER 01/23/91 01/23/91
LEAD 01/23/91 02/12/91
MERCURY 01/23/91 01/29/91
NICKEL 01/23/91 02/07/91
SELENIUM 01/23/91 02/08/91
SILVER 01/23/91 01/24/91
ZINC 01/23/91 02/05/91

227
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ATI I.D. # 2101-148

METALS RESULTS

CLIENT : GEOENGINEERS, INC. MATRIX : WATER

PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR, INC. UNITS : mg/L

mmmmmmmmmmmmmmmm VEN VEEN-  SHELBY  REAGENT
RINSATE 10C RINSATE 10A BLANK

PARAMETER -1 -2

ARSENIC <0.005 <0.005 <0.005

BARIUM 0.08 <0.06 <0.06

CADMIUM <0.0003 <0.0003 <0.0003

CHROMIUM <0.02 <0.02 <0.02

COPPER 0.03 <0.02 <0.02

LEAD 0.045 <0.005 <0.005

MERCURY <0.0005 <0.0005 <0.0005

NICKEL <0.03 <0.03 <0.03

SELENIUM <0.005 <0.005 <0.005

SILVER <0.02 <0.02 <0.02

ZINC 0.02 <0.01 <0.01
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ATI I.D. # 9101-148

METALS QUALITY CONTROL

CLIENT ¢ GEOENGINEERS, INC. MATRIX : WATER
PROJECT # ¢ 1299-003-B04
PROJECT NAME : UNIMAR, INC. UNITS : mg/L
T sampLE DUP SPIKED SPIKE &%
COMPOUND ATI I.D. RESULT RESULT RPD SAMPLE CONC REC
ARSENIC 9101-174-2 <0.005 <0.005 0 0.016 0.025 64 ,
ARSENIC BLANK SPIKE N/A N/A N/A 0.024 0.025 96
BARIUM 9101-142-1 0.29 0.27 7 10.08 10.00 98
CADMIUM 9101-174-2 0.0012 0.0009 29 0.0019 0.0010 70
CHROMIUM 9101-191-13 <0.02 <0.02 0 1.98 2.50 79
COPPER- 9101-148-2 <0.02 <0.02 0o 1.0 1.0 100
LEAD 9101-184-3 0.113 0.112 1 * % *% * %
LEAD BLANK SPIKE N/A N/A N/A 0.033 0.025 132
MERCURY 9101-202-2 <0.0005 <0.0005 O 0.0030 0.0020 150%
MERCURY BLANK SPIKE N/A N/A N/A 0.0029 0.0020 145
NICKEL 9101-174-2 <0.03 <0.03 0 2.33 2.50 93
SELENIUM 9101-174-2 <0.005 <0.005 4] 0.021 0.025 84
SILVER 9101-142-1 <0.02 <0.02 0 1.0 1.0 100
ZINC 9101-174-2 0.60 0.55 9 2.76 2.50 86
* Out of limits.
** Due to the necessary dilution of the sample, result was not
attainable.
% Recovery = (Spike Sample Result - Sample Result)
------------------------------------- X 100
Spike Concentration

RPD (Relative % Difference) = (Sample Result - Duplicate Result)

————————————————————————————————— x 100

Average Result
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ATI # 9101-148

METALS ANALYSIS

CLIENT ¢ GEOENGINEERS, INC.
PROJECT # ¢ 1299-003-B04

PROJECT NAME : UNIMAR, INC.
SAMPLE MATRIX : SEDIMENT

ELEMENT DATE PREPARED DATE ANALYZED
ARSENIC 01/28/91 02/06/91
BARIUM 01/28/91 02/07/91
CADMIUM 01/28/91 01/31/91
CHROMIUM 01/28/91 02/07/91
COPPER 01/28/91 02/07/91
LEAD 01/28/91 01/31/91
MERCURY 01/28/91 02/04/91
NICKEL 01/28/91 02/07/91
SELENIUM 01/28/91 02/06/91
SILVER 01/28/91 01/31/91
ZINC 01/28/91 02/05/91



éAnolytico!Technologies,lnc.

CLIENT
PROJECT #
PROJECT NAME

CADMIUM

CHROMIUM

COPPER

LEAD

MERCURY

NICKEL

SELENIUM

SILVER

ZINC

GEOQOENGINEERS,
1299-003-B04
UNIMAR, INC.

29

METALS RESULTS

INC.

ATI I.D. # 9101-148

MATRIX : SEDIMENT

UNITS : mg/Kg

<2

39

38

68

<0.40

41

<1.0

<2

120

<1

32

15

<10

<0.15

31

<0.5

<2

44

<6

<1

<2

<2

<10

<0.15

<3

<0.5

<2

<1l
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CLIENT
PROJECT #

PROJECT NAME

o e o o D G D e a5 G G0 S5 S W0 D D> TSI T TP TR B T S WD RN TS S T T SR D TR S D QD D S TS S G99 S (R M A S SO QI D D e At G0 T ER G G O S0 G o wxm e e oo e @

COMPOUND

o0 e e o o e T e T T e S e T I A S S D S T D G R A2 S S S D D S S A TS S D I T S5 S TE: oNs ome SR 00 GID G99 SN axm e S CIN NI SER EED e SRR SN AN M D e o

ARSENIC

BARIUM

CADMIUM

CHROMIUM

COPPER

LEAD

MERCURY

NICKEL

SELENIUM

SILVER

ZINC

B9 ©8 09

ATI I.D.

2101-143-3

9161-143-3

8101-143-3

9101-143-3

9101-143-3

8101-143-3

9101-~143-3

9101-143-3

9101-143-3

9101-143-3

9101-143-3

METALS QUALITY CONTROL

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.

SAMPLE
RESULT

30

<1

19

11

<10

<0.15

43

<2

26

30

<1

19

i1

<10

<0.15

44

<0.5

<2

27

ATI 1

24

114

127

230

% Recovery = (Spike Sample Result - Sample Result}

RPD (Relative % Difference) =

Spike Concentration

Average Result

— BAED

.D. # 2101-148
I¥X : SEDIMENT
S : mg/Kg
SPIKE %
CONC REC
1.3 59
525 75
26 92
131 72
131 88
260 88
0.46 120
131 Q2
1.3 54
26 92
131 89
100

{(Sample Result = Duplicate Result)

> e e o2 e s O TR T T e G D ST T O TS T S S G W R S X G G I w=
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ATI I.D. # 9101-148

GENERAL CHEMISTRY

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.

CLIENT
PROJECT #
PROJECT NAME

SAMPLE MATRIX : WATER
ANALYSIS DATE PREPARED DATE ANALYZED
PETROLEUM HYDROCARBONS 01/23/91 01/23/91

~ _ 247
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ATI I.D. # 9101-148

GENERAL CHEMISTRY RESULTS

CLIENT : GEOENGINEERS, INC. MATRIX : WATER
PROJECT # : 1299-003-B0O4

PROJECT NAME : UNIMAR, INC. UNITS : mg/L
ATI I.D. # CLIENT I.D. PETROLEUM HYDROCARBONS
9101~148-1 VAN VEEN-RINSATE 10C <1

9101-148-2 SHELBY RINSATE 10A <1

REAGENT BLANK - <1

T~ PhA
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33

ATI I.D. # 9101-148

GENERAL CHEMISTRY QUALITY CONTROL

CLIENT
PROJECT #
PROJECT NAME

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.

ATI SAMPLE DUP
PARAMETER UNITS 1I.D. RESULT RESULT RPD
PETROLEUM
HYDROCARBONS mg/L 9101-148-2 <1 <1 0

% Recovery = (Spike Sample Result - Sample Result)

Spike Concentration

MATRIX : WATER

SPIKED SPIKE %
RESULT ADDED REC

RPD (Relative % Difference) = (Sample Result - Duplicate Result)

- — — —— — . ———— — — - ——— ——

Average Result

C - 245
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ATI I.D. # 9101-148

GENERAL CHEMISTRY

CLIENT : GECENGINEERS, INC.

PROJECT # s 1299-003-B04

PROJECT NAME : UNIMAR, INC.

SAMPLE MATRIX : SEDIMENT

ANALYSIS DATE PREPARED DATE ANALYZED
PETROLEUM HYDROCARBONS 01/24/91 01/24/91
MOISTURE - 01/23/91

C ~ 246
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CLIENT
PROJECT #
PROJECT NAME

GENERAL CHEMISTRY RESULTS

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.

9101-148-3
9101-148-4
REAGENT BLANK

35

ATI I.D.

MATRIX

UNITS

# 9101-148

SEDIMENT

: mg/Kg

CLIENT I.D.

9A 0-0.37
9B 0.3-2.5/

C — 247

PETROLEUM HYDROCARBONS

65
13
<5
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ATI I.D. # 9101-148

GENERAL CHEMISTRY RESULTS

CLIENT s GEOENGINEERS, INC. MATRIX : SEDIMENT
PROJECT # s 1299-003-B04

PROJECT NAME : UNIMAR, INC. UNITS : %

ATI I.D. # CLIENT I.D. MOISTURE

©101-148-3 9A 0-0.3° 75

9101-148~-4 9B 0.3-2.5° 43
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ATI I.D.

GENERAL CHEMISTRY QUALITY CONTROL

CLIENT
PROJECT #
PROJECT NAME

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.

0 00 o0

# 9101-148

MATRIX : SEDIMENT

ATI SAMPLE DUP
PARAMETER UNITS I.D. RESULT RESULT RPD
PETROLEUM
HYDROCARBONS mg/Kg 9101-132-6 10,900 8,660 23
PETROLEUM
HYDROCARBONS mg/Kg BLANK SPIKE N/A N/A N/A
MOISTURE % 9101-148-4 43 41 5

* %

209

N/A

* %

219

N/A

** Due to the necessary dilution of the sample, result was not

attainable.

% Recovery = (Spike Sample Result - Sample Result)

Spike Concentration

RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result

C — 249

%%

95

N/A
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i APPENDIX C

b

)f !\. AnalyticalTechnologies,Inc. 560 naches avenue, s.w. suite 101, Renton, W 98055, (206) 226.8335

ATI I.D. # 9101-203

GeoEngineers

March 4, 1991 MAR 05 1991

Howimg D
S

nmﬂf;£%5-¢v A

GeoEngineers, Inc.
8410 154th Avenue N.E.
Redmond, WA 98052

Attention : Paul Werner

Project Number : 1299-003-B04

Project Name : Unimar

On January 28, 1991, Analytical Technologies, Inc., received nine
sediment samples for analysis. The samples were analyzed with EPA
methodology or equivalent methods as specified in the attached
analytical schedule. The results, sample cross reference, and

quality control data are enclosed.

This 1is a partial report as it does not contain the TCLP results.
These results will follow in approximately 60 days.

Donna M. McKinney Frederick W.
Project Manager Technical Manager
FWG/tc
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/553 AnalyticolTechnologies,inc.

1
ATI I.D. # 9101-203
SAMPLE CROSS REFERENCE SHEET
CLIENT : GEOENGINEERS, INC.
PROJECT # ¢ 1295-003-B04
PROJECT NAME : UNIMAR
ATI # CLIENT DESCRIPTION DATE SAMPLED MATRIX
9101-203-1 1B ¢.3°-1.0° 01/25/91 SEDIMENT
9101-203-2 iC 1.0%-1.57 01/25/91 SEDIMENT
9101-203-3 iD 1.5%-2.0° 01/25/91 SEDIMENT
9101-203~-4 iE 2.07=-2.5° 01/25/91 SEDIMENT
2101-203~5 iF 2.57=3.0° 01/25/21 SEDIMENT
9101-203-6 iG 3.07=3.57 01/25/91 SEDIMENT
9101-203-7 1H 3.5%-4.0° 01/25/91 SEDIMENT
9101-203~-8 3A 0-0.37 01/25/91 SEDIMENT
9101-203-92 3B 8.3=5.07 01/25/91 SEDIMENT
@@@@@ TOTALS —==——
MATRIX 4 SAMPLES
SEDIMENT g
ATI STANDARD DISPOSAL PRACTICE

The samples from this project will be disposed of in thirty (30) days
from the date of this report. If an extended storage period is
reguired, please contact our sample contrel department before the

scheduled disposal date.

9
!
i8]



)! Ak\, AnalyticolTechnologies,Inc.

CLIENT : GEOENGINEERS,
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR

ANALYSIS

SEMI-VOLATILE COMPOUNDS

POLYCHLORINATED
BIPHENYLS (PCBs)

POLYNUCLEAR
AROMATIC HYDROCARBONS

ARSENIC
BARIUM
CADMIUM
CHROMIUM
COPPER
LEAD
MERCURY
NICKEL
SELENIUM
SILVER
ZINC
PETROLEUM HYDROCARBONS

MOISTURE

ATI - Renton

Py
Il

SD = ATI - San Diego

T = ATI - Tempe

PNR = ATI - Pensacola

FC = ATI - Fort Collins
SUB = Subcontract

ANALYTICAL SCHEDULE

INC.

ATI I.D. # 9101-203

TECHNIQUE

GCMS

GC/ECD

HPLC/UV
AA/GF

AA/F

AA/F

AA/F

AA/F

AA/F
AA/COLD VAPOR
AA/F

AA/GF

AA/F

AA/F

IR

GRAVIMETRIC

EPA 8080 R

EPA 8310

EPA 7060

EPA 7080

EPA 7130

EPA 7190

EPA 7210

EPA 7420

EPA 7471

EPA 7520

EPA 7740

EPA 7760

EPA 7950

EPA 418.1

X x®M ™ X X N N W W W W™ W W

METHOD 7-2.2



}ﬁ ék, Andlyticalfechnologies, inc.

[

SEMI-VOLATILE ORGANICS
DATA SUMMARY

CLIENT
PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX SOIL

EPA METHOD 8270
RESULTS BASED ON DRY WEIGHT

UNIMAR

e #0 60 PE @O 0O

REAGENT BLANK

GEOENGINEERS, INC.
1299-003-B04

ANALYSIS

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

be 20 86 66 96 e

9101-203

N/A
N/A
01/30/91
02/08/91
mg/Kg

1

o T AR GO D T D > > T DB EED FFD I IO TN AR XD S O £ D I T D D T DT D T TED T D @b e G S s e > e D D D D O S AT R TP TR I R D CE SO D s D D S S SRR R SR D S G

o 2 COD T 6 I P T XD EIH T O T T XD WD D X AP AED D D €8S Oy o e S e D T e T TS D D ST I O R T A € D G S D QD G5S SN S5 Gy G5 mb S GRS Gwi T I I S SR AR S S S e S e @

N-NITROSODIMETHYLAMINE
PHENOL

ANILINE
BIS(2~CHLOROETHYL) ETHER
2~-CHLOROPHENOL
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE

BENZYIL ALCOHOL
1,2~DICHLOROBENZENE
2-METHYLPHENOL

BIS (2-CHLOROISOPROPYL) ETHER
4-METHYLPHENOL
N-NITROSO-DI~N-PROPYLAMINE
HEXACHLOROETHANE
NITROBENZENE

ISOPHORONE

2~-NITROPHENOL

2, 4-DIMETHYLPHENOL

BENZOIC ACID

BIS (2-CHLOROETHOXY ) METHANE
2, 4-DICHLOROPHENOL
1,2,4-TRICHLOROBENZENE
NAPHTHALENE
4~CHLOROANILINE
HEXACHLOROBUTADIENE
2-METHYLNAPHTHALENE
HEXACHLOROCYCLOPENTADIENE
2,4,6~-TRICHLOROPHENOL
2,4,5-TRICHLOROPHENOL
2~CHLORONAPHTHALENE
2-NITROANILINE
DIMETHYLPHTHALATE
ACENAPHTHYLENE
3-NITROANILINE
ACENAPHTHENE

2, 4=-DINITROPHENOL
4-NITROPHENOL

CONTINUED NEXT PAGE

G

&



)! A\g AnalyticalTechnologies,inc.

ATI I.D. # 9101-203

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : N/A
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR DATE EXTRACTED : 01/30/91
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

DIBENZOFURAN <0.17

2, 4-DINITROTOLUENE <0.17

2, 6-DINITROTOLUENE <0.17
DIETHYLPHTHALATE <0.17
4-CHLOROPHENYL-PHENYLETHER <0.17

FLUORENE <0.17

4-NITROANILINE <0.85
4,6-DINITRO-2-METHYLPHENOL <0.85
N-NITROSODIPHENYLAMINE <0.17
4-BROMOPHENYL-PHENYLETHER <0.17
HEXACHLOROBENZENE <0.17
PENTACHLOROPHENOL, <0.85

PHENANTHRENE <0.17

ANTHRACENE <0.17
DI~-N-BUTYLPHTHALATE <0.17

FLUORANTHENE <0.17

BENZIDINE <1.7

PYRENE <0.17
BUTYLBENZYLPHTHALATE <0.17
3,3-DICHLOROBENZIDINE <0.34

BENZO (a) ANTHRACENE <0.17

BIS (2~-ETHYLHEXYL) PHTHALATE <0.17

CHRYSENE <0.17
DI-N-OCTYLPHTHALATE <0.17

BENZO (b) FLUORANTHENE <0.17

BENZO (k) FLUORANTHENE <0.17

BENZO (a) PYRENE <0.17
INDENO(1,2,3~cd) PYRENE <0.17

DIBENZ (a,h) ANTHRACENE <0.17

BENZO(g,h, i) PERYLENE <0.17

SURROGATE PERCENT RECOVERIES

NITROBENZENE-Ad5 73
2-FLUOROBIPHENYL 82
TERPHENYL-d14 76
PHENOL-~-d6 86
2-FLUOROPHENOL 66
2,4 ,6-TRIBROMOPHENOL 87
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CLIENT
PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD
RESULTS BASED

ATI I.D. # 9101-203

SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

GEOENGINEERS, INC.
1292-003~-B04
UNIMAR

REAGENT BLANK
SOIL

8270

ON DRY WEIGHT

96 60 #® ©& BE @O
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DATE SAMPLED : N/A
DATE RECEIVED : N/A
DATE EXTRACTED : 01/30/91
DATE ANALYZED : 02/08/91
UNITS : mg/Kg
DILUTION FACTOR : 1
ESTIMATED
CONCENTRATION

HYDROCARBON
HYDROCARBON
HYDROCARBON
HYDROCARBON
HYDROCARBON
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ATI I.D. # 9101-203-8

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

CLIENT ¢ GEOENGINEERS, INC. DATE SAMPLED $ 01/25/91
PROJECT # 2 1299-003-B04 DATE RECEIVED : 01/28/91
PROJECT NAME : UNIMAR DATE EXTRACTED : 01/30/91
CLIENT I.D. : 3A 0-0.37/ DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
N-NITROSODIMETHYLAMINE <3.5

PHENOL <3.5

ANILINE <3.5

BIS (2-CHLOROETHYL) ETHER <3.5

2~CHLOROPHENOL <3.5
1,3-DICHLOROBENZENE <3.5
1,4-DICHLOROBENZENE <3.5

BENZYL ALCOHOL <3.5
1,2-DICHLOROBENZENE <3.5

2-METHYLPHENOL <3.5

BIS (2-CHLOROISOPROPYL) ETHER <3.5

4-METHYLPHENOL <3.5
N~-NITROSO-DI-N~PROPYLAMINE <3.5

HEXACHLOROETHANE <3.5

NITROBENZENE <3.5

ISOPHORONE <3.5

2=-NITROPHENOL <3.5

2,4-DIMETHYLPHENOL <3.5

BENZOIC ACID <18

BIS (2-CHLOROETHOXY ) METHANE <3.5

2,4-DICHLOROPHENOL <3.5
1,2,4-TRICHLOROBENZENE <3.5

NAPHTHALENE <3.5

4-CHLOROANILINE <3.5
HEXACHLOROBUTADIENE <3.5
4-CHLORO-3-METHYLPHENOL <3.5
2-METHYLNAPHTHALENE <3.5
HEXACHLOROCYCLOPENTADIENE <3.5
2,4,6-TRICHLOROPHENOL <3.5

2,4 ,5-TRICHLOROPHENOL <18

2-CHLORONAPHTHALENE <3.5

2-NITROANILINE <18

DIMETHYLPHTHALATE <3.5

ACENAPHTHYLENE <3.5

3-NITROANILINE <18

ACENAPHTHENE <3.5

2,4~-DINITROPHENOL <18

4-NITROPHENOL <18

CONTINUED NEXT PAGE
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ATI I.D. # 9101-203-8

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/25/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/28/91
PROJECT NAME : UNIMAR DATE EXTRACTED : 01/30/91
CLIENT I.D. : 3A 0-0.3° DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT ’
COMPOUND RESULT

DIBENZOFURAN <3.5

2, 4~DINITROTOLUENE <3.5

2, 6~DINITROTOLUENE <3.5

DIETHYLPHTHALATE <3.5
4~CHLOROPHENYL~PHENYLETHER <3.5

FLUORENE <3.5

4~NITROANILINE <18
4,6-DINITRO-2~-METHYLPHENOL <18

N-NITROSODIPHENYLAMINE <3.5
4-BROMOPHENYL-PHENYLETHER <3.5

HEXACHLOROBENZENE <3.5

PENTACHLOROPHENOL <18

PHENANTHRENE 3.5 J

ANTHRACENE 3.4 J
DI-N~BUTYLPHTHALATE <3.5

FLUORANTHENE 5.3

BENZIDINE <35

PYRENE 4.1
BUTYLBENZYLPHTHALATE <3.5

3, 3-DICHLOROBENZIDINE <7.1

BENZO (a) ANTHRACENE 2.0 J

BIS (2-ETHYLHEXYL) PHTHALATE 1.8 J

CHRYSENE 2.1 J
DI-N-OCTYLPHTHALATE <3.5

BENZO (b) FLUORANTHENE 2.7 J

BENZO (k) FLUORANTHENE <3.5

BENZO (a) PYRENE 2.6 J
INDENO(1,2,3-cd) PYRENE <3.5

DIBENZ(a,h) ANTHRACENE <3.5

BENZO(g,h, i) PERYLENE <3.5

SURROGATE PERCENT RECOVERIES

NITROBENZENE-AdS5 60
2-FLUOROBIPHENYL 107
TERPHENYL-d14 28
PHENOL-A6 30
2-FLUOROPHENOCL 63
2,4,6-TRIBROMOPHENOCL 113

J = Estimated value.



)&\’ AnalyticalTechnologies,Inc.

ATI I.D. # 9101-203-8

SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT ¢ GEOENGINEERS, INC. DATE SAMPLED : 01/25/91
PROJECT # ¢ 1299-003-B04 DATE RECEIVED : 01/28/91
PROJECT NAME : UNIMAR DATE EXTRACTED : 01/30/91
CLIENT I.D. : 3A 0-0.3’ DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT i

SCAN ESTIMATED
COMPOUND NUMBER CONCENTRATION
HYDROCARBON 1779 9.0
HYDROCARBON 1830 10
HYDROCARBON 1884 17 B
HYDROCARBON 1944 12 B
HYDROCARBON 2014 16 B

B = Also found in blank.
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ATI I.D. # 9101-203

SEMI-VOLATILE ORGANIC
QUALITY CONTRCL DATA

CLIENT ¢ GEOENGINEERS, INC. SAMPLE I.D. : BLANK SPIKE
PROJECT # ¢ 1299-003-B04 DATE EXTRACTED : 01/30/91
PROJECT NAME : UNIMAR DATE ANALYZED : 02/08/91
EPA METHOD : 8270 MATRIX : SOIL
UNITS : mg/Kg
DUP DUP
SAMPLE SPIKE SPIKED % SPIKED %
COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
1,2,4-TRICHLOROBENZENE <0.17 3.33 2.39 72 2.86 86 18
ACENAPHTHENE <0.17 3.33 2.19 66 2.42 73 10
2,4-DINITROTOLUENE <0.17 3.33 2.46 74 2.56 77 4
PYRENE <.17 3.33 2.34 76 2.62 78 i1
N-NITROSO-DI-N-PROPYLAMINE <0.17 3.33 2.26 68 2.68 81 17
1,4-DICHLOROBENZENE <0.17 3.33 2.23 67 2.65 75 17
PENTACHLOROPHENOL <0.85 13.3 11.6 87 11.3 85 3
PHENOL <0.17 6.67 3.98 60 4.79 72 i8
2—-CHLOROPHENOL <0.17 6.67 4.03 60 4.90 73 isc
4-CHLORO-3-METHYLPHENOL <0.17 6.67 4.44 67 4.99 75 i2
4-NITROPHENOL <0.85 13.3 131.5 86 11.6 87 i
% Recovery = ({Spike Sample Result ~ Sample Result)
e e e e e e S G S G e e — e e ¥ 100

Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Saﬁ§ e Result

Average of Spiked Sample

¢ - 10



SEDIMENT SAMPLES

1B-1H

3A-3B
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ATI I.D. # 9101-203

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : N/A
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR DATE EXTRACTED : 01/30/91
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 02/04/91
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

PCB 1016 <0.033

PCB 1221 <0.033

PCB 1232 <0.033

PCB 1242 <0.033

PCB 1248 <0.033

PCB 1254 <0.033

PCB 1260 <0.033

Cc-11
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ATI I.D. # 9101-203-2

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT ¢ GEOENGINEERS, INC. DATE SAMPLED : 01/25/91
PROJECT # 2 1299~003-B04 DATE RECEIVED ¢ 01/28/%91
PROJECT NAME : UNIMAR DATE EXTRACTED : 01/30/91
CLIENT I.D. ¢ 1C 1.07-1.8° DATE ANALYZED : 02/04/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

PCB 1016 <0.063

PCB 1221 <6.063

PCB 1232 <0.063

PCB 1242 <0.063

PCB 1248 <0.063

PCB 1254 <0.063

PCB 1260 <0.063
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ATI I.D. # 9101-203-8

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/25/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/28/91
PROJECT NAME : UNIMAR DATE EXTRACTED : 01/30/91
CLIENT I.D. : 3A 0-0.37 DATE ANALYZED : 02/04/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1

o}

RESULTS BASED ON DRY WEIGHT

T S T TR O i D D R R S i e e i S S S . s s e . s o T o i S T ——— _—" —— ——_—{— S T o > A S . T D o s S e D e 7

COMPOUND RESULT
PCB 1016 <0.14
PCB 1221 <0.14
PCB 1232 <0.14
PCB 1242 <0.14
PCB 1248 <0.14
PCB 1254 <0.14
PCB 1260 <0.14

c-13
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ATI I.D. # 9101-203

POLYCHLORINATED BIPHENYLS (PCB)
QUALITY CONTROL

CLIENT ¢ GEOENGINEERS, INC. SAMPLE ID ¢ BLANK SPIKE
PROJECT # ¢ 12%9-003-B04 DATE EXTRACTED : 01/30/%21
PROJECT NAME : UNIMAR DATE ANATYZED : 02/04/91
EPA METHOD 2 8080 (PCB) MATRIX : SOIL
UNITS : mg/Kg
DUP pup
SAMPLE CONC SPIKED % SPIKED %
COMPOUND RESULT SPIKED SAMPLE REC SAMPLE RECOVERY RPD
PCB 1260 <0.033 0.33 0.345 104 0.351 106 2
% Recovery = (Spike Sample result = Sample Result)
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm X 100
Spike Concentration
RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)

Result

Sample Result

Average of Spiked Sample

C - 14
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ATI I.D. # 9101-203

POLYNUCLEAR AROMATICS

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : N/A
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR DATE EXTRACTED : 01/30/91
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8310 DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

NAPHTHALENE <0.083

ACENAPHTHYLENE <0.17

ACENAPHTHENE <0.17

FLUORENE <0.017

PHENANTHRENE <0.0083

ANTHRACENE <0.0083

FLUORANTHENE <0.017

PYRENE <0.017

BENZO (a) ANTHRACENE <0.017

CHRYSENE <0.017

BENZO (b) FLUORANTHENE <0.017

BENZO (k) FLUORANTHENE <0.017

BENZO (a) PYRENE <0.017

DIBENZ (a,h) ANTHRACENE <0.034

BENZO(g,h, i) PERYLENE <0.017

INDENO(1,2,3~cd) PYRENE <0.017

c-15
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ATI I.D. # 9101-203-9

POLYNUCLEAR AROMATICS

CLIENT : GEOENGINEERS, INC. DATE SAMPLED s 01/25/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/28/91
PROJECT NAME : UNIMAR DATE EXTRACTED : 01/30/91
CLIENT I.D. : 3B 06.3~5.0° DATE ANALYZED : 02/09/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8310 DILUTION FACTOR : 10
RESULTS BASED ON DRY WEIGHT

o e e o S e D T T ST T e G G S 0 @ D D D 0 G G S G2 G S e e e e e D S D €I D G0 S S S5 T Gt S SN emn e D o ou NS S D GID D XD WD I G CID N @ e o

COMPOUND RESULT

e o G o e o S D T T O D D T D I CED D ST G GED G G IS D G56  Gh aR S (IS e Sk (i D G

NAPHTHALENE 2.4
ACENAPHTHYLENE <5.0
ACENAPHTHENE <5.0
FLUORENE

PHENANTHRENE

ANTHRACENE

FLUORANTHENE

PYRENE

BENZO (a) ANTHRACENE

CHRYSENE

BENZO (b) FLUORANTHENE

BENZO (k) FLUORANTHENE

BENZO (a) PYRENE

DIBENZ (a, h) ANTHRACENE

BENZO(g,h, i) PERYLENE

INDENO (1,2, 3-cd) PYRENE

o AT e o o
B O

a

®
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TN O =~ O\
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CLIENT
PROJECT #
PROJECT NAME
EPA METHOD

16

POLYNUCLEAR AROMATICS
QUALITY CONTROL DATA

GEOENGINEERS, INC.
1299-003-B04

UNIMAR
8310

SAMPLE I.
DATE EXTRACTED

ATI I.D. # 9101-203

DATE ANALYZED

I . S S G D T S U D S IS Ul W S S S _—— —— — — —— — - — ———— - ———— W T ——— — — — —— ——— —— O ———— —— " o

ACENAPHTHYLENE
PHENANTHRENE
PYRENE

BENZO (k) FLUORANTHENE

MATRIX

UNITS
SAMPLE SPIKE SPIKED %
RESULT ADDED SAMPLE REC
<0.17 16.6 1 66
<0.034 1.77 1 79
<0.017 1.76 1 102
0.0083 1.50 1 79

% Recovery = (Spike Sample Result - Sample Result)

Spike Concentration

RPD (Relative % Difference) =

D. : 101289-32
: 01/30/91
: 02/08/91
: SOIL
: mg/Kg
DUP DUP
SPIKED %
SAMPLE REC RPD
11 66 0
1.5 85 7
1.9 108 5
1.4 93 15
x 100

(Spiked Sample - Duplicate Spike)
Sample Result

Result

Average of Spiked Sample

c - 17
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ATI I.D. # 9101-203

POLYNUCLEAR AROMATICS
QUALITY CONTROL DATA

CLIENT : GEOENGINEERS, INC. SAMPLE I.D. ¢ BLANK SPIKE
PROJECT # : 1299~-003-B04 DATE EXTRACTED : 01/306/91
PROJECT NAME : UNIMAR DATE ANALYZED : 02/08/91
EPA METHOD ¢ 8310 MATRIX : SOIL

UNITS : mg/Kg

DUP DUP
SAMPLE SPIKE SPIKED % SPIKED %
COMPOQUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
ACENAPHTHYLENE <0.17 l16.6 11 66 N/A N/A N/A
PHENANTHRENE <0.034 1.77 1.33 73 N/A N/A N/A
PYRENE <0.017 1.76 1.7 97 N/A N/A N/A
BENZO (k) FLUORANTHENE <0.0083 1.58 1.3 82 N/A N/A N/A
% Recovery = (Spike Sample Result - Sample Result}
T e e 2 e e i 2 0 o % 1060

Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Samplﬁ Result

Average of Spiked Sar§$e

¢ - 18
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ATI # 9101-203

METALS ANALYSIS

CLIENT ¢ GEOENGINEERS, INC.
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR

SAMPLE MATRIX : SEDIMENT

ELEMENT DATE PREPARE DATE ANALYZED
ARSENIC 02/13/91 02/26/91
BARIUM 02/13/91 02/26/91
CADMIUM 02/13/91 02/14/91
CADMIUM 02/13/91 02/26/91
CHROMIUM 02/13/91 02/26/91
COPPER 02/13/91 02/14/91
COPPER 02/13/91 02/26/91
LEAD 02/13/91 02/20/91
LEAD 02/13/91 02/26/91
MERCURY 02/22/91 02/22/91
NICKEL 02/13/91 02/26/91
SELENIUM 02/13/91 02/19/91
SILVER 02/13/91 02/26/91
ZINC 02/13/91 02/20/91
ZINC 02/13/91 02/26/91

c-19



ATI I.D. # 9101-203

METALS ANALYSIS

CLIENT ¢ GEOENGINEERS, INC. MATRIX : SEDIMENT
PROJECT # ¢ 1299-003-B04
PROJECT NAME : UNIMAR UNITS : mg/Kg
1B 0.3 ic 1.0° iD 1.5° iE 2.0 1F 2.5
-1.07 -1.57 ~2.0° -2.57 ~3.0
PARAMETER -1 -2 -3 -4 -5
CADMIUM 2.9 <1 1.3 4.4 2.1
COPPER 2,300 69 34 2,600 1,400
LEAD 1,300 78 36 1,600 1,500
ZINC 2,600 160 94 4,700 2,100

c - 20
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ATI I.D. # 9101-203

METALS ANALYSIS

CLIENT : GEOENGINEERS, INC. MATRIX : SEDIMENT

PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR UNITS : mg/Kg

7 i¢3.0  1H3.5  3m0 3B 0.3  REAGENT
-3.5 -4.0 -0.37/ -5.0/ BLANK

PARAMETER -6 -7 -8 ~9 -

ARSENIC - - 240 64 <0.5

BARIUM - - 32 45 <1

CADMIUM <1 <1 4.4 3.7 <1l

CHROMIUM - - 18 18 <1

COPPER 38 96 230 90 3.7

LEAD 45 31 210 97 <2.5

MERCURY - - <0.80 <0.80 <0.15

NICKEL - - 13 20 <1

SELENIUM - - <0.5 <0.5 <0.5

SILVER - - 2 <2 <2

ZINC 150 94 660 225 2.8

c - 21
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ATI I.D. # 9101-203

METALS QUALITY CONTROL

CLIENT : GEOENGINEERS, INC. MATRIX : SEDIMENT/SOIL
PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR UNITS : mg/Kg
o SAMPLE DUP  SPIKED SPIKE %
COMPOUND  ATI I.D. RESULT RESULT RPD SAMPLE CONC  REC
ARSENIC 9101-216-4 26 23 12 35 9.4 96
BARIUM 9101-216-4 110 110 0 1,910 1,880 96
CADMIUM 9101-203-7 <1 <1 0 24 30 80
CADMIUM 9101-216-4 8.2 8.0 2 92 94 89
CHROMIUM  9101-216-4 45 45 0 525 470 102
COPPER 9101-203-7 96 79 19 220 150 83
COPPER 9101-216-4 89 85 5 522 470 92
LEAD 9101-203-7 31 38 20 340 290 106
LEAD 9101-216-4 130 129 1 979 940 90
MERCURY 9101-216-4  1.05 <0.80 0 1.78 1.67 44%
MERCURY BLANK SPIKE N/A N/A N/A  0.44 0.50 88
NICKEL 9101-216-4 55 54 2 499 470 94
SELENIUM  9101-216-4  <1.0 <1.0 0 6.4 9.4 68
SILVER 9101-216-4 <2 <2 0 113 94 120
ZINC 9101-203-7 94 120 24% 310 150 144%
ZINC 9101-216-4 210 203 3 694 470 103

* gut of limits due to matrix interference.

% Recovery = (Spike Sample Result - Sample Result)

RPD (Relative % Difference) = (Sample Result - Duplicate Result)



). A\. AnalyticalTechnologies, Inc.
22
ATI I.D. # 9101-203

GENERAL CHEMISTRY

CLIENT : GEOENGINEERS, INC.
PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR

SAMPLE MATRIX : SEDIMENT

ANALYSIS DATE PREPARED DATE ANALYZED
PETROLEUM HYDROCARBONS 02/04/91 02/04/91

MOISTURE - 01/30/91

CcC-23



‘}f ék Anclyticalfechnologies, inc.

23

ATI I.D. # 9101-203

GENERAL CHEMISTRY RESULTS

L]

MATRIX : SEDIMENT

UNITS : mg/Xg

o e o o o e o D O R D D G G S o S G @D G GE5 T TED G GED S > D G S NS T G R D IR S U5 S R D G0 G S0 S R @I 065 THD S 6D (D G CID SES 6F G5 D OUb S5 SIS GRS 0 oD CID XD N

PETROLEUM HYDROCARBONS

200 > xS OO T D D N I T I e D D amp G 9T T G D S SN TN G I ST T S D S SED D S S5 S D A om A - o o o o D > I e A W T T D S B T

CLIENT ¢ GEOENGINEERS, INC.
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR

ATI I.D. # CLIENT I.D.
9101-203-2 iC¢ 1.07-1.5°
9101-203-8 34 0-0.3°
9101-203-9 3B 0.3-5.0°

REAGENT BLANK -

510
29
230
<5
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CLIENT
PROJECT #

PROJECT NAME

9101-203-1
9101-203-2
9101-203-3
9101-203-4
9101-203-5
9101-203-6
9101-203-7
9101-203-8
9101-203-9

GENERAL CHEMISTRY RESULTS

24

GEOENGINEERS, INC.

1299-003-B04

UNIMAR

iB
1cC
1D
1E
1F
1G
1H
3A
3B

ATI I.D.

MATRIX

UNITS

# 9101-203

¢ SEDIMENT

%

0.3’-1.0'
1.0’-1.5'
1.5’-2.0'
2.0’-2.57
2.5'—3.0’
300I-3.5l
3.57-4.0"
0-0.3'
0.3-5.0'

cC-25
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CLIENT
PROJECT #
PROJECT NAME

PETROLEUM
HYDROCARBONS

PETROLEUM
HYDROCARBONS

25
ATI I.D. # 91

GENERAL CHEMISTRY QUALITY CONTROL

01-203

169

: GEOENGINEERS, INC. SAMPLE MATRIX : SEDIMENT/SOIL
¢ 1299-003-B04
: UNIMAR
ATI SAMPLE DUP SPIKED SPIKE

UNITS I.D. RESULT RESULT RPD RESULT ADDED

mg/Kg 9101-238-1 780 776 0 k% k%

mg/Kg BLANK SPIKE N/A N/A N/A 293 268

$ 9101-203-9 66 66 ) N/A N/A

MOISTURE

*%* Due to the necessary dilution of the sample, result was not

attainable.

% Recovery =

RPD {Relative

{Splke Sample Result - Sample Result)
Spike Concentration
% Difference) = (Sample Result - Duplicate Result)

Average Result

(]
{

[
@i

N/A
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v/
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WATER SAMPLE 2A

INTERSTIAL WATER 2C

SEDIMENT SAMPLES 1A-1C
2A-2J
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):! !K. Anofyf icoITechnologies,lnc. 560 Naches Avenue, S.W., Suite 101, Renton, WA 98055, (206) 228-8335

ATI I.D. # 9101-191

GeoEngineers

February 28, 1991 Routing ml

esetiteciincanass

GeoEngineers, Inc.

8410 154th Avenue N.E.
Redmond, WA 98052

Attention : Paul Werner
Project Number : 1299-003-B04

Project Name : Unimar, Inc.

On January 25, 1991, Analytical Technologies, Inc., received two

water and 12 sediment samples for analysis. The samples were
analyzed with EPA methodology or equivalent methods as specified in
the attached analytical schedule. The results, sample cross

reference, and quality control data are enclosed.
Please note that this is a partial report as it does not contain

the TCLP Metals results. These results will follow in approxi-
mately 60 days.

M Frederick W. Grothkopp
Project Manager Technical Manager

fnae it Fndi by

FWG/elf

c - 30
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CLIENT
PROJECT #

PROJECT NAME

SAMPLE CROSS REFERENCE SHEET

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.

ATI I.D. # 9101-191

—— . ———————— —— —— T —— ——————— — —— " — ————— —— — — — ———— —— ——— —— ————— ] ———— S+ i —————

ATI # CLIENT DESCRIPTION DATE SAMPLED MATRIX
9101-191-~1 SAMPLE 2A @ 39/ 01/24/91 WATER
9101-191~2 2B 0-0.3’ 01/24/91 SEDIMENT
9101-191-3 2D 1.5-2.07 01/24/91 SEDIMENT
9101-191-4 2E 2.0-2. 5’ 01/24/91 SEDIMENT
9101-191-5 2F 2.5-3. 01/24/91 SEDIMENT
9101-191-6 2G 3.0~-3. 5’ 01/24/91 SEDIMENT
9101-191-7 2H 3.5-4.07 01/24/91 SEDIMENT
9101-191-8 2T 4.0-4.57 01/24/91 SEDIMENT
9101-191-9 2J 4.5-4.8"7 01/24/91 SEDIMENT
9101-191-10 1A 0-0.37 01/24/91 SEDIMENT
9101-191-11 1B 0.3-1.0" 01/23/91 SEDIMENT
9101-191-12 i€ 1.0-1.3/ 01/23/91 SEDIMENT
9101-191-13 2C (INTERSTIAL WATER) 01/24/91 WATER
9101-191-14 2C 0.3-1.5" 01/24/91 SEDIMENT
————— TOTALS ————-—

MATRIX # SAMPLES

WATER 2

SEDIMENT 12

ATI STANDARD DISPOSAL PRACTICE

The samples from this project will be disposed of in thirty (30) days
from the date of this report. If an extended storage period is
required, please contact our sample control department before the

scheduled disposal date.
c - 31
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CLIENT

PROJECT HRAME

AnalyticalTechnologies,Inc.

3%

ANALYTICAIL SCHEDULE

: GEOENGINEERS, INC.
PROJECT # ¢ 1299-003-B04
: UNIMAR, INC.

9101-191

o5 o0 = e oS e Em e S oo T > O T T S ESS A S S5 Son oy SR I SR 3 SR T T 42 SO e s A S e S G o o S S G i s e S S S S R S S S o o e o e e e s A D i e G

REFERENCE

T I O G T > o S T D S 7 I D €D G 5 SS90 OO S NP GNP I X D T 9D S 5 AT QD G GAD S CIEe I IR XD EXD GO SO CaD G5B Emp S M G SR SN R G55 G T So D T2 S o G S D D EED s e e o o S

ANALYSIS

SEMI-VOLATILE COMPOUNDS

POLYCHLORINATED
BIPHENYLS (PCBs)

POLYNUCL.EAR AROMATIC

HYDROCARBONS

TRIBUTYLTIN

ARSENIC

BARIUM

CADMIUM

CADMIUM

CHROMIUM

COPPER

LEAD

LEAD

MERCURY

oSS D oL WA Y S 2

NICKEL

SELENTUM

TECHNIQUE

GC/ECD

HPLC/UV

S5 L

TITRATION

CONTINUED NEXT PAGE
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EPA

EPA

EPA

8270

8080

8310

BATTELLE

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

7060

7080

7130

7131

7190

7210

7760

7950

130.2

R

oW

Lo v I« B v

Aoomoow oW o ow
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| c)ﬂgAno|ytic:olTechno|ogies,Inc:

CLIENT
PROJECT #

PROJECT NAME

ATI I.D. # 9101-191

ANALYTICAL SCHEDULE

CONTINUED

GEOENGINEERS, INC.

: 1299-003-B04
: UNIMAR, INC.

- —————————————— D > > ———— ———— — T S —— . — Y ———————— Y ——— ——— —— " > S — —— > T i S T

PETROLEUM HYDROCARBONS

MOISTURE

R = ATI Renton

SD = ATI San Diego

T = ATI Tempe

PNR = ATI Pensacola

FC = ATI Fort Collins
SUB = Subcontract

TECHNIQUE REFERENCE LAB
IR EPA 418.1 R
GRAVIMETRIC METHOD 7-2.2 R

Cc - 33
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ATI I.D.

SEMI~-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.
REAGENT BLANK

CLIENT
PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX SEDIMENT
EPA METHOD 8270
RESULTS BASED ON DRY WEIGHT

88 00 60 86 ©6 00

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

99 60 @0 88 60 &9

9101-191

N/A
N/A
01/30/91
02/08/91
mg/Kg

e € D D T T D D D T D D D R DX D KD KD OO DD I D G G G G G S0 T G QNI T SIS TR W GO S0 SN0 @i Gmm wmn > I D CIR GRS G D SN D D TR G A o S s S e e e T == = = =

o o e s o o S e G G o T S D 9P TP S K 0 S R S G e e D I R S G IR R N G Smb i I I S SR S AR NS R S 4D G5 fhm s e T G M R e e S oI T e

N-NITROSODIMETHYLAMINE
PHENOL

ANILINE
BIS{2-CHLOROETHYL) ETHER
2-CHLOROPHENOL
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE
BENZYI, ALCCHOL
1,2-DICHLOROBENZENE
2-METHYLPHENOL
BIS{2-CHLOROISOPROPYL) ETHER
4-METHYLPHENOL
N~-NITROSO-DI-N-PROPYLAMINE
HEXACHLOROETHANE
NITROBENZENE

ISOPHORONE

2=NITROPHENOL
2,4-DIMETHYLPHENOL
BENZOIC ACID
BIS(2-CHLOROETHOXY)METHANE
2,4~-DICHLOROPHENOL
1,2,4-TRICHLOROBENZENE
NAPHTHALENE
4—-CHLOROANILINE
HEXACHLOROBUTADIENE
4~CHLORO-3-METHYLPHENOL
2-METHYLNAPHTHALENE
{EXACHLOROCYCLOPENTADIENE
¢4, 6—~TRICHLOROPHENOL

4, 5-TRICHLOROPHENOL
2-CHLORONAPHTHALENE
2-NITROANILINE
DIMETHYLPHTHALATE
ACENAPHTHYLENE
3-NITRCOANILINE
ACENAPHTHENE
2,4-DINITROPHENOL
4~-NITROPHENOL

b-mm

b D



| )! A\, AndlyticolTechnologies, Inc.

ATI I.D. # 9101-191

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : N/A
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 1

o)

N DRY WEIGHT

RESULTS BASED

COMPOUND ’ RESULT
DIBENZOFURAN <0.17
2,4-DINITROTOLUENE <0.17
2, 6-DINITROTOLUENE <0.17
DIETHYLPHTHALATE <0.17
4-CHLOROPHENYL-PHENYLETHER <0.17
FLUORENE <0.17
4~-NITROANILINE <0.85
4,6-DINITRO-2~METHYLPHENOL <0.85
N-NITROSODIPHENYLAMINE <0.17
4-BROMOPHENYL-PHENYLETHER <0.17
HEXACHLOROBENZENE <0.17
PENTACHLOROPHENOL <0.85
PHENANTHRENE <0.17
ANTHRACENE <0.17
DI-N-BUTYLPHTHALATE <0.17
FLUORANTHENE <0.17
BENZIDINE <1.7
PYRENE <0.17
BUTYLBENZYLPHTHALATE <0.17
3,3-DICHLOROBENZIDINE <0.34
BENZO (a) ANTHRACENE <0.17
BIS (2-ETHYLHEXYL) PHTHALATE <0.17
CHRYSENE <0.17
DI-N-OCTYLPHTHALATE <0.17
BENZO (b) FLUORANTHENE <0.17
BENZO (k) FLUORANTHENE <0.17
BENZO (a) PYRENE <0.17
INDENO(1,2,3-cd) PYRENE <0.17
DIBENZ(a,h) ANTHRACENE <0.17
BENZO(g,h, 1) PERYLENE <0.17

SURROGATE PERCENT RECOVERIES

NITROBENZENE-Ad5 73
2-FLUOROBIPHENYL 82
TERPHENYL-d14 76
PHENOL-d6 86
2-FLUOROPHENOL 66
2,4 ,6-TRIBROMOPHENOL 87

c-35
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CLIENT
PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD

$® 99 86 wWe 69 6O

Ancalyticalfechnologies,inc.

[}

ATI I.D. # 9101-191

SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.
REAGENT BLANK
SEDIMENT

8270

RESULTS BASED ON DRY WEIGHT

> e e > D ST S T T T TS D T W S ST ST T G I S S G e e S 0 S I D N AN G R G G e T S S5 T S G5 b A D T G S S S S G D A G T T G S M S G S SR D > T

COMPOUND

DATE SAMPLED : N/A
DATE RECEIVED : N/A
DATE EXTRACTED : 01/30/%1
DATE ANALYZED : 02/08/21
UNITS : mg/Kg
DILUTION FACTOR : 1
ESTIMATED
CONCENTRATION

T @ e o s o e G e S S @ S D @D O U5 O T S GED G5 S 0O G SN K D S5 D D TS KD Guks S e A S o G X D D G G D e D S SR S D (e G e T T T O T G S e G >

HYDROCARBON
HYDROCARBON
HYDROCARBON
HYDROCARBON
HYDROCARBON



)! !\. AnalyticalTechnologies,Inc.

ATI I.D. # 9101-191-2

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/24/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/25/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : 2B 0-0.3’ DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
N-NITROSODIMETHYLAMINE <2.4

PHENOL <2.4

ANILINE <2.4

BIS (2-CHLOROETHYL) ETHER <2.4

2~-CHLOROPHENOL <2.4
1,3-DICHLOROBENZENE <2.4
1,4-DICHLOROBENZENE <2.4

BENZYL ALCOHOL <2.4
1,2-DICHLOROBENZENE <2.4

2-METHYLPHENOL <2.4

BIS (2-CHLOROISOPROPYL) ETHER <2.4

4-METHYLPHENOL <2.4
N-NITROSO-DI-N-PROPYLAMINE <2.4

HEXACHLOROETHANE <2.4

NITROBENZENE <2.4

ISOPHORONE <2.4

2-NITROPHENOL <2.4

2,4-DIMETHYLPHENOL <2.4

BENZOIC ACID <12

BIS (2-CHLOROETHOXY ) METHANE <2.4

2,4-DICHLOROPHENOL <2.4
1,2,4-TRICHLOROBENZENE <2.4

NAPHTHALENE 2.6

4-CHLOROANILINE <2.4
HEXACHLOROBUTADIENE <2.4
4-CHLORO-3-METHYLPHENOL <2.4
2~METHYLNAPHTHALENE 6.9
HEXACHLOROCYCLOPENTADIENE <2.4
2,4,6-TRICHLOROPHENOL <2.4
2,4,5-TRICHLOROPHENOL <12

2-CHLORONAPHTHALENE <2.4

2-NITROANILINE <12

DIMETHYLPHTHALATE <2.4

ACENAPHTHYLENE <2.4

3-NITROANILINE <12

ACENAPHTHENE 18
2,4-DINITROPHENOL <12

4-NITROPHENOL <12

CONTINUED NEXT PAGE
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/f A{\ AncalyticolTechnologies, inc.
ATI I.D. # 9101-191-2

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/24/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/25/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : 2B 0-0.37 DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

DIBENZOFURAN 14

2, 4-DINITROTOLUENE <2.4

2, 6~-DINITROTOLUENE <2.4

DIETHYLPHTHALATE <2.4
4~CHLOROPHENYL~PHENYLETHER <2.4

FLUORENE 20

4-NITROANILINE <12
4,6-DINITRO-2-METHYLPHENOL <12

N-NITROSODIPHENYLAMINE <2.4
4~BROMOPHENYL-PHENYLETHER <2.4

HEXACHLOROBENZENE <2.4

PENTACHLOROPHENOL <12

PHENANTHRENE 53

ANTHRACENE 13

DI-N-BUTYLPHTHALATE <2.4

FLUORANTHENE 25

BENZIDINE <24

PYRENE 17
BUTYLBENZYLPHTHALATE <2.4

3,3-DICHLOROBENZIDINE <4.7

BENZO (a) ANTHRACENE 6.0

BIS(2-ETHYLHEXYL) PHTHALATE 10

CHRYSENE 6.8
DI-N-OCTYLPHTHALATE <2.4

BENZO (b) FLUORANTHENE 6.6

BENZO (k) FLUORANTHENE 1.9 J

BENZO (a) PYRENE 4.8

INDENO(1,2,3-cd) PYRENE ; 1.2 J

DIBENZ (a,h) ANTHRACENE <2.4

BENZO (g, h, i) PERYLENE 2.1 J

SURROGATE PERCENT RECOVERIES

NITROBENZENE~-AdS 51
2=-FLUOROBIPHENYL 81
TERPHENYL-d14 75
PHENOL~-d6 64
£=FLUOROFHENOL 40

2,4 ,6-TRIBROMOPHENOL 7

J = Estimated value.
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27 .
ATI I.D.# 9101-191

METALS RESULTS

CLIENT : GEOENGINEERS, INC. MATRIX : SEDIMENT
PROJECT #. : 1299-003-B04

PROJECT NAME : UNIMAR, INC. | UNITS : mg/Kg
ATI I.D. # CLIENT I.D. SILVER ZINC

9101-191-2 2B 0-0.3" <2 13,000

9101-191-3 2D 1.5-2.0" - 6,200

9101-191-4 2E 2.0-2.5" - 5,700

9101-191-5 2F 2.5-3.0" - 8,700

9101-191-6 2G 3.0-3.57 - 6,500

9101-191-7 2H 3.5-4.07 - 1,700

9101-191-8 21 4.0-4.5" - 130

9101-191-9 2J 4.5-4.87 - 190

19101-191-10 1A 0-0.3" 4.2 10,000

9101-191-14 2C 0.3-1.5" 3.0 4,200

REAGENT BLANK - <2 <1
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ATI I.D. # 9101-191
METALS QUALITY CONTROL

CLIENT : GEOENGINEERS, INC. MATRIX : SEDIMENT/SOIL
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC. UNITS : mg/Kg
ST saMPLE  pUP SPIKED SPIKE %
PARAMETER ATI I.D. RESULT RESULT RPD SAMPLE CONC REC
ARSENIC 9101-191-12 23 22 4 %% *% k%
ARSENIC BLANK SPIKE N/A N/A N/A 1.5 1.3 115
BARIUM $101-191-12 54 51 6 820 500 150%
BARIUM BLANK SPIKE N/A N/A N/A 400 500 80
CADMIUM 9101-191-12 <1 <1 0 24 25 96
CHROMIUM  9101-197-12 20 20 0 95 101 74
COPPER 9101-191-12 44 46 4 133 126 71
LEAD 9101-191-12 180 160 12 540 252 142
MERCURY 9101-216-4 1.05 <0.80 0 1.78 1.67 44%
MERCURY BLANK SPIKE N/A N/A N/A  0.44 0.55 88
NICKEL 9101-191-12 18 18 0 119 126 80
SELENIUM  9101-191-12 <0.5 <0.5 0 0.7 1.3 54
SILVER 9101-191-12 <2 <2 0 25 25 100
ZINC 9101-191-1 150 130 14 318 126 133

* Qut of limits due to matrix interference.

% Due

j P4V =i

to th
attainable.

e

L)
w3

iecessary dilution of the sample,

% Recovery = (Spike Sample Result - Sample Result)
e e e e e e x 100

Spike Concentration

(Sample Result - Duplicate Result)
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm X 100

RPD (Relative % Difference) =
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ATI I.D. # 9101-191

GENERAL CHEMISTRY

CLIENT
PROJECT #
PROJECT NAME

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.

0 08 00 s

SAMPLE MATRIX : WATER
ANALYSIS DATE PREPARED DATE ANALYZED
HARDNESS 02/08/91 02/08/91

c - 59
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ATI I.D. # 9101-191

GEN*'RAL CHEMISTRY RESULTS

CLIENT _ : GEOEN~LINEERS, INC. . MATRIX : WATER
PROJECT § | ="%299-003-B04

PROJECT KAME : UNIMAR, INC. UNITS : mg/L
ATI I.D.# CLIENT I.D. HARDNESS

9101-1%91-1 SAMPLE 2A @ 397 40

REAGENT BLANK - <5
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ATI I.D. # 9101-191

GENERAL CHEMISTRY QUALITY CONTROL

CLIENT ¢ GEOENGINEERS, INC. MATRIX : WATER

PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR, INC. UNITS : mg/L
ATI SAMPLE DUP SPIKED SPIKE %

PARAMETER I.D. RESULT RESULT RPD RESULT ADDED REC

HARDNESS 9102-011-2 27 24 12 552 500 105

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration

RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result

C - 61
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ATI I.D. # 9101-191

GENERAL CHEMISTRY

CLIENT : GEOENGINEERS, INC.
PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR, INC.

SAMPLE MATRIX : SEDIMENT

ANALYSIS DATE PREPARED DATE ANALYZED
PETROLEUM HYDROCARBONS 01/28/91 01/28/91

MOISTURE - 01/29/91

9!
|
)
™
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ATI I.D. # 9101-191

GENERAL CHEMISTRY RESULTS

CLIENT : GEOENGINEERS, INC. MATRIX : SEDIMENT
PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR, INC. UNITS : mg/Kg
ATI I.D. # CLIENT I.D. PETROLEUM HYDROCARBONS

9101-191-10 1A 0-0.3/ 1,600

9101-191-12 1C 1.0-1.3/ 950

REAGENT BLANK - <5

C — 63
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ATI I.D. # 2101-191

GENERAL CHEMISTRY RESULTS

CLIENT s GEOENGINEERS, INC. MATRIX : SEDIMENT
PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR, INC. UNITS : %
ATI I.D. # CLIENT I.D. MOISTURE

9101-191-2 2B 0~-0.3° 64

9101-191-3 2D 1.5~-2.0° 68

9101~-191-4 2E 2.0-2.57 61

9101-191-5 2F 2.5-3.0¢ 69

2101-191-6 2G 3.0-3.5°7 63

89101~-1%1~-7 2H 3.5-4.07 68

210i~191-8 21 4.0-4.57 57

9101-191-9 2J 4.5-4.87 77

9101-191-1¢ 1A 0=06.3°7 52

9101-191-14 2C 0.3-1.5°7 62
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ATI I.D. # 9101-191

GENERAL CHEMISTRY QUALITY CONTROL

GEOENGINEERS, INC. MATRIX : SEDIMENT
1299-003-B04
UNIMAR, INC.

CLIENT
PROJECT #
PROJECT NAME

ATT SAMPLE DUP SPIKED SPIKE %
PARAMETER UNITS TI.D. RESULT RESULT RPD RESULT ADDED REC
PETROLEUM
HYDROCARBONS mg/Kg 9101-167-16 70 75 7 348 248 12
MOISTURE % 9101-191-14 62 62 0 N/A N/A N/A

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration

RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result

. —~ 65
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ToxScan Inc.

)

42 Hangar Way
Watsonville, CA 95076

(408) 724-4522
FAX (408) 724-3188

Analytical Technologies, Inc.
560 Naches Avenue SW, Suite 101
Renton:, WA 98055 February 22, 1991
REVISED REPORT: August 25, 1991,
to include QA/QC
Attn: Donna McKinney

MATERIAL: Water samples received January 29, 1991
ANALYSIS COMPLETED: February 21, 1991

IDENTIFICATION: Geo engineers

TOXSCAN NUMBER: T-7198

REPCRT: Quantitative chemical analysis is as

follows, expressed as nanograms per liter
(parts per trillion) as received:

Tripropyl
Tin
Sampie 1D Moncbutyltin Dibutyltin Tributyltin Tetrabutvitin Surrogate
21018-191-1 6 4 5 4 100
9101-191-13 27 40 22 ND 106
Spike Recovery 66% 78% 86% 75% 59

-see T-7197
9101-167-1

ND = None detected

Detection limit = 1 part per trillion

\&} h’ ' /@ : %A/\/ﬁz«t

Laboratory Difector
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WATER SAMPLE 12

SEDIMENT SAMPLES 4A-4B, 5B
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)f !\: AnolyﬂcolTechnologies,Inc 560 Naches Avenue, S.W., Suite 101, Renton, WA 98055, (206) 228-8335

ATI I.D. # 9101-216

March 5, 1991

GeoEngineers, Inc.
8410 154th Avenue N.E.
Redmond, WA 98052

Attention : Paul Werner

Project Number : 1299-003-B04

Project Name : Unimar, Inc.

On January 29, 1991, Analytical Technologies, Inc., received three
sediment samples and one water sample for analysis. The samples
were analyzed with EPA methodology or equivalent methods as
specified in the attached analytical schedule. The results, sample

cross reference, and quality control data are enclosed.

This is a partial report as it does not contain the TCLP results.
These results will follow in approximately 60 days.

L. Lean M D i

Donna M. McKinne Frederick W. Grothko
Project Manager Technical Manager
FWG/tc
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ATI I.D. # 9101-216
SAMPLE CROSS REFERENCE SHEET

CLIENT ¢ GEOENGINEERS, INC.
PROJECT # ¢ 1299-003-B04
PROJECT NAME : UNIMAR, INC.

——— — I ——————————— ————— ——— S~ o~ T - ——— ——— — " S~ — _—— —— —— —— —— —— — S T ks WD A ey o S e —

ATI # CLIENT DESCRIPTION DATE SAMPLED MATRIX
9101-216-1 LOCATION #12 WATER 01/28/91 WATER
9101-216-2 47 0-0.3’ 01/28/91 ' SEDIMENT
9101-216-3 4B 0.3-4.27 01/28/91 SEDIMENT
9101-216-4 5B 0.3-5.0 01/28/91 SEDIMENT
————— TOTALS ——---
MATRIX # SAMPLES
WATER 4

The samples from this project will be disposed of in thirty (30) days
from the date of this report. If an extended storage period is
required, please contact our sample control department before the
scheduled disposal date.
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CLIENT
PROJECT #
PROJECT NAME

89 60 00

GECENGINEERS,
1299-003-B04
UNIMAR, INC.

\8]

INC.

ANALYTICAL SCHEDULE

ATI I.D. # 9101-216

o e e e e e S G S e S G e = = G G e D S W e SER T T S G R G S T T G G S SRy D S GRS RS U GRS S S S EED SmD D CUT I CED S S S99 5D £ SN 9T B 6 SN S5 @5 v

SEMI~-VOLATILE COMPCUNDS

POLYCHLORINATED
BIPHENYLS (PCBs)

POLYNUCLEAR
AROMATIC HYDROCARBONS

TRIBUTYLTIN
ARSENIC
BARIUM
CADMIUM
CADMIUM

CHROMIUM

PETROLEUM HYDROCARBONS

HARDNESS

MOISTURE

R = ATI - Renton

SD = ATI - San Diego

T = ATI ~ Temps

GC/ECD

HPLC/UV
GC/FPD
AA/GF

ICAP

AA/GF

ICAP

ICAP

AR/F

AA/GF

ICAP
AA/COLD VAPOR

AR/COLD VAPCR

AA/GF

ICAP

ICAP

IR

TITRATION

GRAVIMETRIC
c - 74

REFERENCE LAB
EPA 8270 R
EPA 8080 ' R
EPA 8310 SD
BATTELLE 5UB
EPA 7060 R
EPA 601¢C R
EPA 7131 R
EPA 60610 R
EPA 6010 R
EPA 7210 R
EPA 7421 R
EPA 6010 R
EPA 7470 R
EPA 7471 R
EFPA 6010 R
EPA 77490 R
EPA 6010 R
EPA 5010 R
EPA 418.1 R
EPA 130.2 R
METHOD 7-2.2 R
PNR = ATI - Pensacola
= ATI - Fort Collins

¥C
SUB

= Subcontract
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ATI I.D. # 9101-216

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : N/A
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
N-NITROSODIMETHYLAMINE <0.17

PHENOL <0.17

ANILINE <0.17

BIS (2-CHLOROETHYL) ETHER <0.17

2-CHLOROPHENOL <0.17
1,3-DICHLOROBENZENE <0.17
1,4-DICHLOROBENZENE <0.17

BENZYL ALCOHOL <0.17
1,2-DICHLOROBENZENE <0.17

2-METHYLPHENOL <0.17

BIS (2-CHLOROISOPROPYL)ETHER <0.17

4-METHYLPHENOL <0.17
N-NITROSO-DI-N-PROPYLAMINE <0.17
HEXACHLOROETHANE <0.17

NITROBENZENE <0.17

ISOPHORONE <0.17

2-NITROPHENOL <0.17

2, 4-DIMETHYLPHENOL <0.17

BENZOIC ACID <0.85

BIS (2-CHLOROETHOXY)METHANE <0.17

2, 4-DICHLOROPHENOL <0.17
1,2,4-TRICHLOROBENZENE <0.17

NAPHTHALENE <0.17

4-CHLOROANILINE <0.17
HEXACHLOROBUTADIENE <0.17
4-CHLORO-3-METHYLPHENOL <0.17
2-METHYLNAPHTHALENE <0.17
HEXACHLOROCYCLOPENTADIENE <0.17
2,4,6-TRICHLOROPHENOL <0.17
2,4,5-TRICHLOROPHENOL <0.85
2~CHLORONAPHTHALENE <0.17

2-NITROANILINE <0.85
DIMETHYLPHTHALATE <0.17

ACENAPHTHYLENE <0.17

3-NITROANILINE <0.85

ACENAPHTHENE <0.17
2,4~-DINITROPHENOL <0.85

4-NITROPHENOL <0.85

CONTINUED NEXT PAGE

c-~-175



/ja }\ AnalyticalTechnologies, Inc
ATI I.D. # 9101-216

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED}

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : N/A
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT '

COMPOUND RESULT

DIBENZOFURAN <0.17

2, 4-DINITROTOLUENE <0.17

2, 6-DINITROTOLUENE <0.17

DIETHYLPHTHALATE <0.17
4~CHLOROPHENYL-PHENYLETHER <0.17

FLUORENE <0.17

4-NITROANILINE <0.85
4,6-DINITRO-2-METHYLPHENOCL <0.85
N-NITROSODIPHENYLAMINE <0.17
4-BROMOPHENYL-PHENYLETHER <0.17

HEXACHLOROBENZENE <0.17

PENTACHLOROPHENOL <0.85

PHENANTHRENE <0.17

ANTHRACENE <0.17
DI-N-BUTYLPHTHALATE <0.17

FLUORANTHENE <0.17

BENZIDINE <1.7

PYRENE <0.17
BUTYLBENZYLPHTHALATE <0.17
3,3-DICHLORCBENZIDINE <0.34

BENZO (a) ANTHRACENE <0.17

BIS(2-ETHYLHEXYL) PHTHALATE <0.17

CHRYSENE <0.17
DI-N-OCTYLPHTHALATE <0.17

BENZO (b) FLUORANTHENE <0.17

BENZO (k) FLUCRANTHENE <0.17

BENZO (a) PYRENE <0.17

INDENO(1,2,3~cd) PYRENE <0.17

DIBENZ (a,h) ANTHRACENE <0.17

BENZO(g,h, i) PERYLENE <0.17

SURROGATE PERCENT RECOVERIES

NITROBENZENE-d4S 73
2-FLUOROBIPHENYL 82
TERPHENYL-4d14 76
PHENCL~d6 86
2=-FLUOROPHENCL 66
Z2,4,6-TRIBROMOPHENOL 87
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' ATI I.D. # 9101-216

SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : N/A
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8270 , DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

SCAN ESTIMATED
COMPOUND NUMBER CONCENTRATION
HYDROCARBON 1883 0.63
HYDROCARBON 1944 1.0
HYDROCARBON 2013 1.3
HYDROCARBON 2094 1.4
HYDROCARBON 2306 1.0
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ATI I.D. # 9101-216-2

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/28/7/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/29/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/%1
CLIENT I.D. : 44 0-0.3° DATE ANALYZED s 02/08/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : B

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
N-NITROSODIMETHYLAMINE <3.5
PHENOL <3.5
ANILINE <3.5
BIS({2-CHLOROETHYL)} ETHER <3.5
2-CHLOROPHENOL <3.5
1,3-DICHLOROBENZENE <3.5
1,4-DICHLOROBENZENE <3.5
BENZYL ALCOHOL <3.5
1,2-DICHLCROBENZENE <3.5
2-METHYLPHENOL <3.5
BIS(2-CHILORCISOPROPYL) ETHER <3.5
4-METHYLPHENCL <3.5
N-NITROSO-DI~-N-PROPYLAMINE <3.5
HEXACHLOROETHANE <3.5
NITROBENZENE <3.5
ISOPHORONE <3.5
2-NITROPHENOL <3.5
2,4-DIMETHYLPHENOL <3.5
BENZOIC ACID <18
BIS(2-CHLOROETHOXY ) METHANE <3.5
2,4-DICHLOROPHENQL <3.5
1,2,4-TRICHLOROBENZENE <3.5
NAPHTHALENE 2.6 J
4~-CHLOROANILINE <3.5
HEXACHLOROBUTADIENE <3.5
4-CHLORO-3-METHYLPHENOL <3.5
2-METHYLNAPHTHALENE 12
HEXACHLOROCYCLOPENTADIENE <3.5
2,4,6-TRICHLOROPHENOL <3.5
2,4,5-TRICHLOROPHENOL <18
2-CHLORONAPHTHALENE <3.5%
Z2-NITROANILINE <18
DIMETHYLPHTHALATE <3.5
ACENAPHTHYLENE 4.5
3-NITROANILINE <18
ACENAPHTHENE 22
2,4-DINITROPHENOL <18
4-NITROPHENOL <18

CONTINUED NEXT PAGE
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ATI I.D. # 9101-216-2

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/28/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/29/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : 4A 0-0.3’ DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

DIBENZOFURAN 6.3
2,4-DINITROTOLUENE <3.5

2, 6-DINITROTOLUENE <3.5

DIETHYLPHTHALATE <3.5
4~CHLOROPHENYL-PHENYLETHER <3.5

FLUORENE 20

4-NITROANILINE <18
4,6-DINITRO-2-METHYLPHENOL <18
N-NITROSODIPHENYLAMINE <3.5
4-BROMOPHENYL-PHENYLETHER <3.5

HEXACHLOROBENZENE <3.5

PENTACHLOROPHENOL <18

PHENANTHRENE 56

ANTHRACENE 20
DI-N-BUTYLPHTHALATE <3.5

FLUORANTHENE 34

BENZIDINE <35

PYRENE 32
BUTYLBENZYLPHTHALATE <3.5
3,3-DICHLOROBENZIDINE <7.1

BENZO (a) ANTHRACENE 14

BIS(2-ETHYLHEXYL) PHTHALATE 1.9 J

CHRYSENE 15
DI-N-OCTYLPHTHALATE <3.5

BENZO (b) FLUORANTHENE 14

BENZO (k) FLUORANTHENE 4.9

BENZO (a) PYRENE 14

INDENO(1,2,3-cd) PYRENE 6.9

DIBENZ (a,h) ANTHRACENE 2.0 J

BENZO(g,h, i) PERYLENE 8.2

SURROGATE PERCENT RECOVERIES

NITROBENZENE-d5 72
2-FLUOROBIPHENYL - 109
TERPHENYI1.-d14 : 96
PHENOL-Ad6 94
2-FLUOROPHENOL 70
2,4,6-TRIBROMOPHENOL 100

J = Estimated value.
cC-179
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CLIENT
PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD
RESULTS BASED

[ae]

ATI I.D. #

SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

GEOENGINEERS, INC.
1298-003~-BG4
UNIMAR, INC.

432 0-0.3°7

SEDIMENT

8270

ON DRY WEIGHT

60 00 8B ©6 9O 90

9101-216-2

NAPHTHALENE,
NAPHTHALENE,
NAPHTHALENE,
NAPHTHALENE,
PHENANTHRENE,

SCAN

NUMBER
1,8-DIMETHYL- 878
1,5-DIMETHYIL~ 890
1,7-DIMETHYL- 894
1,2-DIMETHYL- 809
3-METHYL~- 1294

C - 80

DATE SAMPLED : 01/28/91
DATE RECEIVED : 01/29/791
DATE EXTRACTED : 01/30/91
DATE ANALYZED : 02/08/91
UNITS : mg/Kg
DILUTION FACTOR : 5

ESTIMATED

CONCENTRATION

31

31

14

17

4.9
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ATI I.D. # 9101-216

SEMI-VOLATILE ORGANIC
QUALITY CONTROL DATA

CLIENT ¢ GEOENGINEERS, INC. SAMPLE I.D. ¢ BLANK SPIKE
PROJECT # ¢ 1299-003-B04 DATE EXTRACTED : 01/30/91
PROJECT NAME : UNIMAR, INC. DATE ANALYZED : 02/08/91
EPA METHOD : 8270 MATRIX ¢ SOIL
UNITS : mg/Kg
DUP DUP
SAMPLE SPIKE SPIKED % SPIKED %
COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
1,2,4-TRICHLOROBENZENE <0.17 3.33 2.39 72 2.86 86 18
ACENAPHTHENE <0.17 3.33 2.19 66 2.42 73 10
2,4-DINITROTOLUENE <0.17 3.33 2.46 74 2.56 77 4
PYRENE <0.17 3.33 2.34 70 2.62 78 11
N-NITROSO-DI-N-PROPYLAMINE <0.17 3.33 2.26 68 2.68 81 17
1,4-DICHLOROBENZENE <0.17 3.33 2.23 67 2.65 79 17
PENTACHLOROPHENOL <0.85 13.3 11.6 87 11.3 85 3
PHENOL <0.17 6.67 3.98 60 4.79 72 18
2-CHIL.OROPHENOL <0.17 6.67 4.03 60 4,90 73 19
4-CHLORO-3-METHYLPHENOL <0.17 6.67 4.44 67 4.99 75 12
4-NITROPHENOL <0.85 13.3 11.5 86 11.6 87 1
% Recovery = (Spike Sample Result - Sample Result)
————————————————————————————————————— x 100
Spike Concentration
RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result
———————————————————————————————— x 100

Average of Spiked Sample

C - 381
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ATI I.D. # 9101-216

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT . : GEQOENGINEERS, INC. DATE SAMPLED : N/A
PROJECT # ¢ 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNTMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 02/04/91
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1

RESULTS BASED ON DRY WEIGHT

s e o e e e G e D AR EED D TED D S W R > > S T S e e S D S D e D T e e D 5D A e D e S SR D TS G I e D TR SR G CED EED I m SN TP GRS W S e s T o e e

COMPOUND RESULT
PCB 1016 <0.033
PCB 1221 <0.033
PCB 1232 <0.033
PCB 1242 <0.033
PCB 1248 <0.033
PCB 1254 <0.033
PCB 1260 <0.033

c - 82
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ATI I.D. # 9101-216-2

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/728/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/29/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : 4A 0-0.3’ DATE ANALYZED : 02/04/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

PCB 1016 <0.14

PCB 1221 <0.14

PCB 1232 <0.14

PCB 1242 <0.14

PCB 1248 <0.14

PCB 1254 <0.14

PCB 1260 <0.14

C - 83
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12
ATI I.D. # 92101-216

POLYCHLORINATED BIPHENYLS (PCB)
QUALITY CONTROL

CLIENT s GEOENGINEERS, INC. SAMPLE ID : BLANK SPIKE
PROJECT # : 1293-003-B04 DATE EXTRACTED : 01/30/91
PROJECT NAME : UNIMAR, INC. DATE ANALVYZED : 02/04/91
EPA METHOD : 8080 (PCB) MATRIX : S0IL
UNITS : mg/Kg
DUP DUP
SAMPLE CONC SPIKED % SPIKED %
COMPOUND RESULT SPIKED SAMPLE REC SAMPLE RECOVERY RPD
PCB 1260 <0.033 ©.33 0.345 104 0.351 106 2
% Recovery = (Spike Sample result - Sample Result)
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm X 100
Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)

Resuilt Sample Resuit

Average of Spiked Sample

C - 84
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CLIENT
PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD
RESULTS BASED

SOIL
8310

Q ¢¢ oo 00 00 00 o0

N DRY WEIGHT

13

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.
REAGENT BLANK

ATI I.D.

POLYNUCLEAR AROMATICS

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

8 08 se s0 00 e

9101-216

N/A

N/A
01/30/91
02/08/91
mg/Kg

NAPHTHALENE
ACENAPHTHYLENE
ACENAPHTHENE

FLUORENE

PHENANTHRENE
ANTHRACENE
FLUORANTHENE

PYRENE
BENZO (a) ANTHRACENE
CHRYSENE

BENZO (b) FLUORANTHENE
BENZO (k) FLUORANTHENE
BENZO (a) PYRENE
DIBENZ (a,h) ANTHRACENE
BENZO(g,h, i) PERYLENE

INDENO(1,2,3-cd) PYRENE

C - 85

<0.083
<0.17
<0.17
<0.017
<0.0083
<0.0083
<0.017
<0.017
<0.017
<0.017
<0.017
<0.017
<0.017
<0.034
<0.017
<0.017
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ATI I.D. # 9101-216-3

POLYNUCLEAR AROMATICS

CLIENT : GEOCENGINEERS, IKRC. DATE SAMPLED 2 01/28/91
PROJECT # s 1299-003-B04 DATE RECEIVED s 01i/29/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : 4B 0.3-4.27 DATE ANALYZED : 02/09/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 831¢ DILUTION FACTOR : 10

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
NAPHTHALENE <3.8
ACENAPHTHYLENE <7.7
ACENAPHTHENE <7.7
FLUORENE 4.1
PHENANTHRENE 15
ANTHRACENE 5.0
FLUORANTHENE 32
PYRENE 40
BENZO (a) ANTHRACENE 11
CHRYSENE 15
BENZO (b) FLUORANTHENE 7.7
BENZO (k) FLUORANTHENE 4.5
BENZO (a) PYRENE 14
DIBENZ (a, h) ANTHRACENE 4.5
BENZO(g,h, i) PERYLENE 13
INDENO(1,2,3-cd) PYRENE 10
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15
ATI I.D. # 9101-216-4

POLYNUCLEAR AROMATICS

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/28/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/29/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. ¢ 5B 0.3-5.0' DATE ANALYZED ¢ 02/09/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8310 DILUTION FACTOR : 1

o .

RESULTS BASED ON DRY WEIGHT

. ——— — ————_—— — ——— ———— — — —— —— ——— ——— — f———— T —— — ———— o " — — ———————————— - ———————

NAPHTHALENE 1.2
ACENAPHTHYLENE 1.0
ACENAPHTHENE <0.68
FLUORENE

PHENANTHRENE

ANTHRACENE

FLUORANTHENE

PYRENE

BENZO (a) ANTHRACENE

CHRYSENE

BENZO (b) FLUORANTHENE

BENZO (k) FLUORANTHENE

BENZO (a) PYRENE

DIBENZ (a,h) ANTHRACENE

BENZO(g,h, i) PERYLENE

INDENO(1,2,3-cd) PYRENE

s WD e ¢
W oo

*

AV OONUINONRKNU
BOWNOVUNOD

c - 87
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ATI I.D. # 9101-216
POLYNUCLEAR AROMATICS
QUALITY CONTROL DATA
CLIENT - : GEOENGINEERS, INC. SAMPLE I.D. : 101289-32
PROJECT # : 1299~-003-B04 DATE EXTRACTED : 01/30/91
PROJECT NAME : UNIMAR, INC. DATE ANALYZED : 02/08/91
EPA METHOCD : 8310 MATRIX : SOIL
UNITS : mg/Kg
DUP DUP
SAMPLE SPIKE SPIKED % SPIKED %
COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
ACENAPHTHYLENE <0.17 16.6 11 66 11 66 o
PHENANTHRENE <G.0083 1.77 1.4 79 1.5 85 7
PYRENE <0.017 1.76 1.8 102 1.9 108 5
BENZO (k) FLUORANTHENE <0.017 1.5¢ 1.2 79 1.4 23 15
% Recovery = (Spike Sample Result - Sample Result)
===================================== x 100

Spike Concentration

Difference)

3

(Spiked Sample - Duplicate Spike)
Sample Result

Result

Average of Spiked Sample

- 88
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ATI I.D. # 9101-216

POLYNUCLEAR AROMATICS
QUALITY CONTROL DATA

CLIENT _ : GEOENGINEERS, INC. SAMPLE I.D. : BLANK SPIKE
PROJECT # : 1299-003-B04 DATE EXTRACTED : 01/30/91
PROJECT NAME : UNIMAR, INC. DATE ANALYZED : 02/08/91
EPA METHOD : 8310 MATRIX : SOIL
UNITS : mg/Kg
DUP DUP
SAMPLE SPIKE SPIKED % SPIKED %
COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
ACENAPHTHYLENE <0.17 16.6 11 66 N/A N/A N/A
PHENANTHRENE <0.0083 1.77 1.3 73 N/A N/A N/A
PYRENE <0.017 1.76 1.7 97 N/A N/A N/A
BENZO (k) FLUORANTHENE <0.017 1.58 1.3 82 N/A N/A N/A
% Recovery = (Spike Sample Result - Sample Result)
——————————— —-———- ———————————eee——— ¥ 100
Spike Concentration
RPD (Relative % Difference) = (Spiked Sample — Duplicate Spike)
Result Sample Result
———————————————————————————————— x 100

Average of Spiked Sample

c - 89
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ATYI I.D. # 9101-216

GAS CHROMATOGRAPHY RESULTS *

CLIENT : GEOENGINEERS, INC. MATRIX : WATER
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC. UNITS : ng/L

LOCATION #12 WATER

PARAMETER -1
MONOBUTYLTIN 21
DIBUTYLTIN 33
TRIBUTYLTIN 185
TETRABUTYLTIN 140

* Analyzed by GC/FPD, Method Battelle N05196300.
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ATI # 9101-216

METALS ANALYSIS

CLIENT
PROJECT #

PROJECT NAME
SAMPLE MATRIX

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.
WATER

ELEMENT DATE PREPARED DATE ANALYZED
ARSENIC 02/01/91 02/17/91
BARIUM 02/01/91 02/28/91
CADMIUM 02/01/91 02/26/91
CHROMIUM 02/01/91 02/28/91
COPPER 02/01/91 02/01/91
LEAD 02/01/91 02/26/91
MERCURY 02/01/91 02/20/91
NICKEL 02/01/91 02/28/91
SELENIUM 02/01/91 02/17/91
SILVER 02/01/91 02/28/91
ZINC 02/01/91 02/28/91

c -91
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ATI I.D. # 92101-216

METALS ANALYSIS

CLIENT : GEOENGINEERS, INC. MATRIX : WATER
PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR, INC. UNITS : mg/L

S LOCATION #12 WATER REAGENT
PARAMETER =1 BLANK

ARSENIC <0.005 <$.005

BARIUM <0.02 <0.02

CADMIUM <0.0003 <0.00603

CHROMIUM <0.02 <0.02

COPPER <0.02 <0.02

LEAD 0.005 <0.005

MERCURY 0.0005 <0.0005

NICKEL <0.01 <0.01

SELENIUM <0.005 <0.005

SILVER <0.03 <0.03

ZINC 0.04 <0.02
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METALS QUALITY CONTROL

GEOENGINEERS, INC.

CLIENT :
PROJECT # ¢ 1299-003-B04
PROJECT NAME :

UNIMAR, INC.

ATI I.D. # 9101-216

MATRIX :

UNITS :

- —— ———— —— ———— — — — A . e e e S . s Ut e e s e . B S e M T T S T~ —— — T — — — —— — . — — T T — — — —— D T ——— - — ——

SAMPLE
RESULT

DUP
RESULT

SAMPLE

CONC

COMPOUND ATTI I.D.
ARSENIC 9101-238-7
BARIUM 9101-238-7
CADMIUM 9101-238-7
CHROMIUM 9101-238-7
COPPER 9101-174-2
LEAD 9101-238-7
MERCURY 9102-069-4
MERCURY BLANK SPIKE
NICKEL 9101-238-7
SELENIUM 9101-238-7
SILVER 9101-238-7
SILVER BLANK SPIKE
ZINC 9101-238-7

<0.005
<0.02
<0.0003
<0.02
0.65
<0.005
<0.0005
N/A
<0.01
<0.005
<0.03
N/A

0.11

<0.005
<0.02
0.0006
<0.02
0.59
<0.005
<0.0005
N/A
<0.01
<0.005

<0.03

N/A

0.027

0.0030

0.0025

2.62

0.026

* %

0.025

0.0020

0.0020

2.50

0.025

* %

** Due to the necessary dilution of the sample, result was not

attainable.

% Recovery = (Spike Sample Result - Sample Result)
————————————————————————————————————— x

RPD (Relative %

Difference) =

Spike Concentration

Average Result

c-93

100

(Sample Result - Duplicate Result)

106

100

104

96

108

150

125

105

104

* %

118

111



& AnalyticaiTechnologies,inc.
22
ATI # 2101-216

METALS ANALYSIS

CLIENT
PROJECT #
PROJECT NAME
SAMPLE MATRIX

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.
SEDIMENT

°e 00 86 8@

ELEMENT DATE PREPARED DATE ANALYZED
ARSENIC 02/08/91 02/28/91
BARIUM 02/08/91 02/26/91
CADMIUM 02/08/91 02/26/91
CHROMIUM 02/08/91 02/26/91
COPPER 02/08/91 02/26/91
LEAD 02/08/91 02/26/91
MERCURY 02/22/91 02/22/91
NICKEL 02/08/91 02/26/91
SELENIUM 02/08/91 02/19/91
SILVER 02/08/91 02/26/91
ZINC 02/08/91 02/26/91

C - 94
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ATI I.D. # 9101-216

METALS ANALYSIS

CLIENT : GEOENGINEERS, INC. MATRIX : SEDIMENT
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC. UNITS : mg/Kg

. e — ——— —— ——— . —_— —_— ——— —————————— —— - ————— . — S {———— T — —_y Ty ————— ot o

4A 0-0.37 4B 0.3-4.2’ 5B 0.3-5.0/ REAGENT

PARAMETER -2 -3 -4 BLANK
ARSENIC 1,800 180 26 <0.5
BARIUM 210 120 110 <1
CADMIUM 27 10 8.2 <1
CHROMIUM 89 59 45 <1
COPPER 1,500 240 89 3.7
LEAD 1,700 290 130 <2.5
MERCURY 0.80 0.91 1.05 <0.15
NICKEL 72 59 55 <1
SELENIUM <1 <1 <1 <1
SILVER 4.7 <2 <2 <2
ZINC 4,800 620 210 2.8

C -9
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ATI I.D. # 9101-216

METALS QUALITY CONTROL

CLIENT : GEOENGINEERS, INC. MATRIX : SEDIMENT
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC. UNIT : mg/Kg
T Taamere owe SPIKED SPIKE %
COMPOUND ATI I.D. RESULT RESULT RPD SAMPLE CONC REC
ARSENIC 9101-216-4 26 23 12 35 9.4 96
BARIUM 9101-216-4 110 110 0 1,810 1,880 S6
CADMIUM 8101-216-4 8.2 8.0 2 92 G4 89
CHROMIUM 93101-216-4 45 45 o 525 470 102
COPPER 2101~216-4 89 85 5 522 470 g2
LEAD 9101-216-4 130 128 1 979 940 S0
MERCURY 9101-216-4 1.05 <0.80 0 1.78 1.67 44%
MERCURY BLANK SPIKE N/A N/A N/A 0.44 0.50 88
NICKEL 9101-216-4 55 54 2 499 470 94
SELENIUM 9101-216-4 <1 <1 0 6.4 9.4 68
SILVER 9101-216-4 <2 <2 G 113 94 1206
ZINC 9101-216-4 210 203 3 694 470 103
*# Out of limits due to matrix interference.
% Recovery = (Spike Sample Result - Sample Result)
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa x 100
Spike Concentration

RPD (Relative % Difference} = (Sample Result - Duplicate Result)

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm x 100

c - 96
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ATI I.D. # 9101-216

GENERAL CHEMISTRY

GEOENGINEERS, INC.
1299~-003-B04
UNIMAR, INC.

CLIENT
PROJECT #
PROJECT NAME

4% 80 00 o0

SAMPLE MATRIX : WATER
ANALYSIS DATE PREPARED DATE ANALYZED
HARDNESS 02/08/91 02/08/91

c-97
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ATI I.D. # 9101-216

GENERAL CHEMISTRY RESULTS

CLIENT ¢ GEOENGINEERS, INC. MATRIX : WATER
PROJECT # s 1299-003-B04

PROJECT NAME : UNIMAR, INC. UNITS : mg/L
ATI I.D. # CLIENT I.D. HARDNESS

9101-216-1 LOCATION #12 WATER 40

REAGENT BLANK -~ <5
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ATI I.D. # 9101-216

GENERAL CHEMISTRY QUALITY CONTROL

CLIENT : GEOENGINEERS, INC. SAMPLE MATRIX : WATER
PROJECT # ¢ 1299-003-B04
PROJECT NAME : UNIMAR, INC.

ATIT SAMPLE DUP SPIKED SPIKE %
PARAMETER UNITS I.D. RESULT RESULT RPD RESULT ADDED REC
HARDNESS ng/L 9102-011-2 27 24 12 552 ° 500 105

Q

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration
RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result

c-99
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ATI I.D. # 92101-216

GENERAL CHEMISTRY

CLIENT : GEOENGINEERS, INC.
PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR, INC.

SAMPLE MATRIX : SEDIMENT

ANALYSIS DATE PREPARED DATE ANALYZED
PETROLEUM HYDROCARBONS 02/04/91 02/04/91

MOISTURE - 01/31/91

@]
!
fraad
L]
[}
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ATI I.D. # 9101-216

GENERAL CHEMISTRY RESULTS

MATRIX : SEDIMENT

UNITS : mg/Kg

T T S — S o — - —— ——————————————————— ——— ——— S — — ——— — . — > i d— - _— _— — ———— ———————

—— — ——————— —— ———— T T —— ———— — — — —— —— — — ] ot il - — —————— — —— — — —— —— —— — — —— — ———— - - -

CLIENT ¢ GEOENGINEERS, INC.
PROJECT # ¢ 1299-003-B04
PROJECT NAME : UNIMAR, INC.

ATI I.D. # CLIENT I.D.
9101-216-2 4A 0-0.37
9101-216-3 4B 0.3-4.2'
9101-216-4 5B 0.3-5.0/

REAGENT BLANK -

Cc - 101

590
420
39
<5
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CLIENT
PROJECT #
PROJECT NAME

®
®
3
°
e
®

GENERAL CHEMISTRY RESULTS

GECENGINEERS, INC.

1299-003-B04
UNIMAR, INC.

ATI I.D.

# 9101-216

: SEDIMENT

: %

= o T S D e Gt T T D D D R T S ST S D S SN I D G0 S A I G G D S5 e s e € D S G e T s U S G M2 S AP G G ity G G S e o D S < E S S D BN G

ATTI I.D. #

CLIENT I.D.

MOISTURE
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)! !\. AnadlyticalTechnologies, Inc.
31
ATI I.D. # 9101-216

GENERAL CHEMISTRY QUALITY CONTROL

GEOENGINEERS, INC. MATRIX : SEDIMENT/SOIL

1299-003-B04
UNIMAR, INC.

CLIENT
PROJECT #
PROJECT NAME

[T YY)

ATI SAMPLE DUP SPIKED SPIKE %
PARAMETER UNITS I.D. RESULT RESULT RPD RESULT ADDED REC
PETROLEUM
HYDROCARBONS mg/Kg 9101-238-1 780 776 0 * % *k *%
PETROLEUM
HYDROCARBONS mg/Kg BLANK SPIKE N/A N/A N/A 293 268 109
MOISTURE % 9101-228-3 14 14 0 N/A N/A N/A

* % Due to the necessary dilution of the sample, result was not
attainable.

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration

RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result

C - 103
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ToxScan Inc. ll‘

42 Hangar Way
Watsonville, CA 95076

(408) 724-4522
FAX (408) 724-3188

Analytical Technologies, Inc.
560 Naches Avenue SW, Suite 101
Renton, WA 98055 February 26, 1991
REVISED REPORT: August 25, 1991
to include QA/QC
Attn: Donna McKinney

MATERIAL: Water sample received January 30, 1991
ANALYSIS COMPLETED: February 25, 1991

IDENTIFICATION: 12 Duplicate

TOXSCAN NUMBER: T-7203

REPORT: Quantitative chemical analysis is as

follows, expressed as nanograms per liter
(parts per trillion) as received:

Tripropyl
Tin
Sample ID Monobutvltin Dibutyltin Tributyltin Tetrabutvltin Surrogate

9101-216-1 21 33 185 140 55
Spike Recovery 72% 83% 84% 77% 91
-see T-7251

56648-5

ND = None detectéd

Detection limit = 1 part per trillion

aboratory leector
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RINSEATE SAMPLES 10B, 10D, 10F

SEDIMENT SAMPLES 5A, 6A-6B, 7A-7B, 11 DUPLICATE
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):! 5\. AnolyﬁcolTechnologies,lnc. 560 Naches Avenue, S.W.. Suite 101, Renton, WA 98055, (206) 228-8335

GeoEngineers ATI I.D. # 9101-238

AR 07 1991

Rotting N
i Wl

ali)

Fila

March 6, 1991

GeoEngineers, Inc.

8410 154th Avenue N.E.

Redmond, WA 98052

Attention : Paul Werner

Project Number : 1299-003-B04

Project Name : Unimar, Inc.

On January 31, 1991, Analytical Technologies, Inc., received six
sediment and three water samples for analysis. The samples were
analyzed with EPA methodology or equivalent methods as specified in
the attached analytical schedule. The results, sample cross
reference, and quality control data are enclosed.

This is a partial report as it does not contain the TCLP results.
These results will follow in approximately 60 days.

Donna M. McKinney Frederick W. Groethko

Project Manager Technical Manager

FWG/tc
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& AnalyticalTechnologies,inc.

ATI I.D. # 9101-238
SAMPLE CROSS REFERENCE SHEET

CLIENT : GEOENGINEERS, INC.
PROJECT # ¢ 1299-003-B04
PROJECT NAME : UNIMAR, INC.

ATI # CLIENT DESCRIPTION DATE SAMPLED MATRIX
9101-238-1 5A 0-0.3’ | 01/29/91 SEDIMENT
9101-238-2 6A 0-0.3’ 01/30/91 SEDIMENT
9101-238-3 11 DUPLICATE 01/30/91 SEDIMENT
9101-238-4 6B 0.3-5.0 01/30/91 SEDIMENT
9101-238-5 VAN VEEN RINSEATE 10D 01/30/91 WATER
9101-238-6 SHELBY RINSEATE 10B 01/30/91 WATER
9101-238-7 BETA RINSEATE 10F 01/30/91 WATER
9101-238-8 7A 0-0.3" 01/30/91 SEDIMENT
9101-238-9 7B 0.3-5.0" 01/30/91 SEDIMENT
————— TOTALS —-—--

MATRIX # SAMPLES

SEDIMENT 6

WATER 3

The samples from this project will be disposed of in thirty (30) days
from the date of this report. If an extended storage period is
required, please contact our sample control department before the
scheduled disposal date.

Cc - 111



é{g AnalyticolTechnologies, inc.

CLIENT
PROJECT #
PROJECT NAME

ANALYSIS

o ®¢ B0

GEOENGINEERS,
1299-003-B04
UNIMAR, INC.

ANALYTICAL SCHEDULE

INC.

TECHNIQUE

2 he282N 4

ATTI I

.D. # 9101-238

= @ g ome = S ST O T D S 55 e ST S S5 IID a A9 05 T T TR £05 S ST 455 S5 G S S O SED ame i ru A S O S S e S O O S S S S O O S S S e o s e e s e

SEMI-VOLATILE COMPOUNDS

POLYCHLORINATED
BIPHENYLS (PCBs)

POLYNUCLEAR

AROMATIC HYDROCARBONS

TRIBUTYLTIN
ARSENIC
BARIUM
CADMIUM
CADMIUM
CHROMIUM
COPPER
COPPER
LEAD
LEAD
MERCURY
MERCURY
NICKEL
SELENIUM
SILVER

ZINC:

PETROLEUM HYDROCARRBONS

MOISTURE

R = ATI - Renton
shp =

T = ATI - Tenmpe

ATI - San Diego

GC/ECD

HPLC/UV
GC/FPD
AA/GF
ICAP
AA/GF
ICAP
ICAP

AA/F

Pav e £ 3 AL RS L N 1 N

C - 112

EPA 8080

EPA 8310

BATTELLE

EPA 7060

EPA 6010

EPA 7131

EPA 6010

EPA 6010

EPA 7210

EPA 6010

7421

5
g

EPA 6010
EPA 7470
EPA 7471
EPA 6010
EPA 7740
EPA 6010
EPA 6010

EPA 418.

AETHOD 7

PNR = ATI
FC = ATI
SUB = Subc

SUB

ooowow oW oW oW oW o %N W

s

"owow o ow ow

1
=2.2 R
- Pensacola

- Port Collins

ontract



Z& AnalyticalTechnologies,inc.
ATI I.D. # 9101-238

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : N/A
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 02/06/91
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 02/12/91
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8270 o DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
N-NITROSODIMETHYLAMINE <0.17

PHENOL <0.17

ANILINE <0.17

BIS (2-CHLOROETHYL) ETHER <0.17

2-CHLOROPHENOL <0.17
1,3-DICHLOROBENZENE <0.17
1,4-DICHLOROBENZENE _ <0.17

BENZYL ALCOHOL <0.17
1,2-DICHLOROBENZENE <0.17

2-METHYLPHENOL <0.17

BIS (2-CHLOROISOPROPYL) ETHER <0.17

4-METHYLPHENOL <0.17
N-NITROSO-DI-N-PROPYLAMINE <0.17
HEXACHLOROETHANE <0.17

NITROBENZENE . <0.17

ISOPHORONE <0.17

2-NITROPHENOL : <0.17
2,4-DIMETHYLPHENOL <0.17

BENZOIC ACID ' <0.85

BIS (2~CHLOROETHOXY ) METHANE <0.17
2,4~DICHLOROPHENOL <0.17
1,2,4-TRICHLOROBENZENE <0.17

NAPHTHALENE <0.17

4-CHLOROANILINE <0.17
HEXACHLOROBUTADIENE : <0.17
4-CHLORO-3~METHYLPHENOL <0.17
2~-METHYLNAPHTHALENE <0.17
HEXACHLOROCYCLOPENTADIENE <0.17
2,4,6-TRICHLOROPHENOL <0.17
2,4,5-TRICHLOROPHENOL <0.85
2~-CHLORONAPHTHALENE <0.17

2-NITROANILINE <0.85
DIMETHYLPHTHALATE <0.17

ACENAPHTHYLENE : <0.17

3-NITROANILINE <0.85

ACENAPHTHENE <0.17
2,4-DINITROPHENOL <0.85

4-NITROPHENOL <0.85

CONTINUED NEXT PAGE
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& AndlyticolTechnologies, inc.
ATI I.D. # 9101-238

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : N/A
PROJECT # ¢ 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 02/06/91
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 02/12/91
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8270 , DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND - RESULT

DIBENZOFURAN <0.17
2,4-DINITROTOLUENE <0.17

2, 6~-DINITROTOLUENE <0.17
DIETHYLPHTHALATE <0.17
4~CHLOROPHENYL-PHENYLETHER <0.17

FLUORENE <0.17

4-NITROANILINE <0.85
4,6-DINITRO-2-METHYLPHENOL <0.85
N~-NITROSODIPHENYLAMINE <0.17
4-BROMOPHENYL~-PHENYLETHER <0.17
HEXACHLOROBENZENE <0.17
PENTACHLOROPHENOL <0.85

PHENANTHRENE <0.17

ANTHRACENE <0.17
DI-N-BUTYLPHTHALATE 0.75
FLUORANTHENE <0.17

BENZIDINE <1i.7

PYRENE - <0.17
BUTYLBENZYLPHTHALATE <0.17
3,3-DICHLOROBENZIDINE ' <0.34

BENZO (a) ANTHRACENE <0.17
BIS(2-ETHYLHEXYL) PHTHALATE <0.17

CHRYSENE <0.17
DI-N-OCTYLPHTHALATE <0.17

BENZO (b) FLUORANTHENE <0.17

BENZO (k) FLUORANTHENE <0.17

BENZC {a) PYRENE <0.17
INDENO({1,2,3-cd)PYRENE ‘ <0.17

DIBENZ (a,h) ANTHRACENE <0.17

BENZO(g,h, 1) PERYLENE <0.17

SURROGATE PERCENT RECOVERIES

NITROBENZENE~-dS 65
Z2~-FLUOROBIPHENYL 69
TERPHENYL-d14 65
PHENOGCL~-@eé 76
2=-FLUOROPHENOL 66
2,4,6-TRIBROMOPHENOL 71



)&k" AnalyticalTechnologies,Inc.
’ ATI I.D. # 9101-238

SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : N/A
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 02/06/91
CLIENT I.D. ¢ REAGENT BLANK DATE ANALYZED : 02/12/91
SAMPLE MATRIX : SOIL ' UNITS : mg/Kg
EPA METHOD -t 8270 DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

SCAN ESTIMATED
COMPOUND NUMBER CONCENTRATION
PROPANOIC ACID, 2-HYDROXY- 35 0.53
HYDROCARBON 1396 0.83
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Analyticalfechnologies,Inc.

SEMI-VOLATILE ORGANICS

GEOENGINEERS,
1299-003~B04
UNIMAR, INC.

CLIENT
PROJECT #
PROJECT NAME

CLIENT I.D. 54 0-0.3°¢
SAMPLE MATRIX SEDIMENT
EPA METHOD 8270

) e 06 v0 vo so ee

RESULTS BASED ON DRY WEIGHT

DATA SUMMARY

INC.

ATI I.D. #

ANALYSIS

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED

B T wtte e e

DILUTION FACTOR

2101-238-1

20 49 20 96 @6 o0

01/29/91
01/31/91
02/06/91
02/13/91
mg/Kg

10

T T T T D D I G T N G D D U T T G5 G S0 € > S € S o S D T I S S €ED SR D i S e D S G GEP (U OHD CmD G SN EID CEK GHS S Em G T S = S T R T KD e I S e e

COMPOUND

RESULT

= e e s @ G e T D D I IS @ s G DI o oD S S I R G O G0 S G50 G e b T S S e S S S KD SR S G S S R R I D SN S e S G T D P SR G G S e e e e o=

N-NITROSODIMETHYLAMINE
PHENOL

ANILINE
BIS(2-CHLOROETHYL) ETHER
2~-CHLOROPHENOL
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE

BENZYL ALCOHOL
1,2-DICHLOROBENZENE
2-METHYLPHENOL
BIS(2~CHLOROISOPROPYL) ETHER
4~-METHYLPHENOL
N-NITROSO-DI-N-PROPYLAMINE
HEXACHLOROETHANE
NITROBENZENE

ISOPHORONE

2-NITROPHENOL
2,4-DIMETHYLPHENOL

BENZOIC ACID

BIS (2~CHLOROETHOXY)METHANE
2 ,4-DICHLOROPHENOL
1,2,4-TRICHLOROBENZENE
NAPHTHALENE
4-CHLOROANILINE
HEXACHLOROBUTADIENE
4-CHLORO-3-METHYLPHENOL
2-METHYLNAPHTHALENE
HEXACHLOROCYCLOPENTADIEN
2,4,6-TRICHLOROPHENOL
2,4,5-TRICHLOROPHENOL
2-CHLORONAPHTHALENE
2-NITROANILINE
DIMETHYLPHTHALATE
ACENAPHTHYLENE
3-NITROANILINE
ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL

fnd
-

CONTINUED NEXT PA

J = Estimated value.
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)! A\, AndlyticalTechnologies,Inc.
ATI I.D. # 92101-238-1

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/29/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/31/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 02/06/91
CLIENT I.D. : 5A 0-0.3 DATE ANALYZED : 02/13/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 10
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

DIBENZOFURAN <11

2,4-DINITROTOLUENE <11

2,6-DINITROTOLUENE <11

DIETHYLPHTHALATE <11
4-CHLOROPHENYL-PHENYLETHER <11

FLUORENE 6.5 J
4-NITROANILINE <57
4,6-DINITRO-2-METHYLPHENOL <57
N-NITROSODIPHENYLAMINE <11
4-BROMOPHENYL-PHENYLETHER <11

HEXACHLOROBENZENE <11

PENTACHLOROPHENOL <57

PHENANTHRENE 15

ANTHRACENE 9.6 J
DI-N-BUTYLPHTHALATE <11

FLUORANTHENE 52

BENZIDINE <110

PYRENE 54
BUTYLBENZYLPHTHALATE <11

3,3-DICHLOROBENZIDINE <23

BENZO (a) ANTHRACENE 18

BIS (2-ETHYLHEXYL) PHTHALATE ‘ <11

CHRYSENE , 21
DI-N-OCTYLPHTHALATE <11

BENZO (b) FLUORANTHENE 23

BENZO (k) FLUORANTHENE 67

BENZO (a) PYRENE 26

INDENO(1,2,3-cd) PYRENE 17

DIBENZ (a,h) ANTHRACENE ' <11

BENZO(g,h, i) PERYLENE 20

SURROGATE PERCENT RECOVERIES

NITROBENZENE-d5 66
2-FLUOROBIPHENYL 98
TERPHENYL-d14 84
PHENOL-d6 84
2-FLUOROPHENOL 72
2,4,6-TRIBROMOPHENOL 96

J = Estimated value.
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SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT :
PROJECT # :
PROJECT NAME :
CLIENT I.D. : 5A 0-0.3°
SAMPLE MATRIX : SEDIMENT
EPA METHOD : 8270
RESULTS BASED ON DRY WEIGHT

1299-003~-B04
UNIMAR, INC.

GEOCENGINEERS, INC.

COMPOUND

2-PHENYLNAPHTHALENE
11H-BENZO (A} FLUORENE
BENZO (E) PYRENE
BENZO (B) PYRENE

DIBENZO (DEF MNO)CHRYSENE

© - 118

ATI I.D. # 9101-238-1

DATE SAMPLED : 01/29/%1
DATE RECEIVED : 01/31/%1
DATE EXTRACTED : 02/06/91
DATE ANALYZED : 02/13/%1
UNITS : mg/Xg
DILUTION FACTOR : 10

SCAN ESTIMATED

NUMBER CONCENTRATION

1347 11

1513 8.9

1852 11

1879 20

2201 8.9
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ATI I.D. # 9101-238-2

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/30/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/31/91
PROJECT NAME :: UNIMAR, INC. DATE EXTRACTED : 02/06/91
CLIENT I.D. : "6A 0-0.37 DATE ANALYZED : 02/13/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 10
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
N-NITROSODIMETHYLAMINE <8.5

PHENOL <8.5

ANILINE : <8.5

BIS (2-CHLOROETHYL) ETHER <8.5

2-CHLOROPHENOL <8.5
1,3-DICHLOROBENZENE <8.5
1,4-DICHLOROBENZENE . <8.5

BENZYL - ALCOHOL <8.5

1, 2-DICHLOROBENZENE <8.5

2-METHYLPHENOL <8.5

BIS (2-CHLOROISOPROPYL) ETHER <8.5

4-METHYLPHENOL <8.5
N-NITROSO-DI-N-PROPYLAMINE <8.5

HEXACHLOROETHANE <8.5

NITROBENZENE : _ <8.5

ISOPHORONE , <8.5

2-NITROPHENOL <8.5

2,4-DIMETHYLPHENOL <8.5

BENZOIC ACID <43

BIS (2-CHLOROETHOXY)METHANE <8.5

2,4-DICHLOROPHENOL <8.5
1,2,4-TRICHLOROBENZENE <8.5

NAPHTHALENE 38

4-CHLOROANILINE <8.5
HEXACHLOROBUTADIENE <8.5
4-CHLORO-3-METHYLPHENOL <8.5
2-METHYLNAPHTHALENE 95
HEXACHLOROCYCLOPENTADIENE <8.5

2,4, 6-TRICHLOROPHENOL <8.5
2,4,5-TRICHLOROPHENOL <43

2-CHLORONAPHTHALENE <8.5

2~NITROANILINE : <43

DIMETHYLPHTHALATE <8.5

ACENAPHTHYLENE 4.9 J
3-NITROANILINE 4 <43

ACENAPHTHENE ' 40
2,4-DINITROPHENOL <43

4-NITROPHENOL <43

CONTINUED NEXT PAGE
J = Estimated value.
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ATI I.D. #

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT
PROJECT #
PROJECT NAME

1299-003-B04
UNIMAR, INC.

CLIENT I.D. 6A 0-0.3°
SAMPLE MATRIX SEDIMENT
EPA METHOD 8270

) oo vo ee ve 0s se

RESULTS BASED ON DRY WEIGHT

GEOENGINEERS, INC.

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

9101-238-2

01/30/91
01/31/91
02/06/91
02/13/91
mg/Kg

10

80 86 66 ®® o 0O

= e e = e o S cm o T T T T TP T S o S T Gxn G5 I Cm Gb G S S GNP ST A D OFD CID A S e e o i 25 T AT 2D DT S SIS G €90 U D XD aNh M O OIS SN Smm S ) G S G e o

o = o e S S ks o E G G oD e S s @D G e @S m Gy GuD G CED G GEP SN G S5 D . e S S D > S S G55 SR O%0 T @D Nn TN min DD EES SR (D I I D D e T S E AR D S5 I e o e

DIBENZOFURAN

2, 4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE

4-NITROANILINE
4,6-DINITRO-2-METHYLPHENOL
N-NITROSODIPHENYLAMINE
4-BROMOPHENYL~-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE

ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE

BENZIDINE

PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO (a) ANTHRACENE
BIS(2~ETHYLHEXYL) PHTHALATE
CHRYSENE
DI-N~-OCTYLPHTHALATE

BENZO (b) FLUORANTHENE

BENZO (k) FLUORANTHENE
BENZO (a) PYRENE

DIBENZ(a,h) ANTHRACENE
BENZO(g,h, i) PERVYLENE

SURROCGATE PERCENT

NITROBENZENE-d5
2-FLUOROBIPHENYL
TERPHENYL-d14
PHENOL-d6
2-FLUORCPHENOL
2,4,6-TRIBROMOPHENCL

J = Estimated wvalue.

RECOVERIES

o

- 128

<8.5
<8.5
<8.5
<8.5

<43
<43
<8.5
<8.5
<8.5
<43
100
33
<8.5
31
<85

<8.5

<17

58
88
75
75
65
86
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ATI I.D. # 9101-238-2

SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/30/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/31/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 02/06/91
CLIENT I.D. : 6A 0-0.3’ DATE ANALYZED : 02/13/91
SAMPLE MATRIX : SEDIMENT . UNITS : mg/Kg
EPA METHOD : 8270 , DILUTION FACTOR : 10
RESULTS BASED ON DRY WEIGHT ]

SCAN ESTIMATED
COMPOUND ' NUMBER CONCENTRATION
UNKNOWN PAH 782 85
NAPHTHALENE, 1,8-DIMETHYL- 877 87
NAPHTHALENE, 1,2-DIMETHYL- 889 80
NAPHTHALENE, 1,5-DIMETHYL- 893 40
NAPHTHALENE, 1,4-DIMETHYL- 908 40

c - 121
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ATI I.D. # 9101-238-3

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/30/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/31/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 02/06/91
CLIENT I.D. : 11 DUPLICATE DATE ANALYZED : 02/13/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 10
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
N-NITROSODIMETHYLAMINE <8.9

PHENOL <8.9

ANILINE <8.9

BIS (2-CHLOROETHYL) ETHER <8.9

2-CHLOROPHENOL <8.9

1, 3-DICHLOROBENZENE <8.9

1, 4~DICHLOROBENZENE <8.9

BENZYL ALCOHOL <8.9
1,2-DICHLOROBENZENE <8.9

2~-METHYLPHENOL <8.9

BIS (2~CHLOROISOPROPYL) ETHER <8.9

4-METHYLPHENOL <8.9
N-NITROSO-DI-N-PROPYLAMINE <8.9

HEXACHLOROETHANE <8.9

NITROBENZENE <8.9

ISOPHORONE <8.9

2-NITROPHENOL <8.9

2, 4A~DIMETHYLPHENOL <8.9

BENZOIC ACID <45

BIS (2-CHLOROETHOXY) METHANE <8.9

2, 4-DICHLOROPHENOL <8.9

1,2, 4-TRICHLOROBENZENE <8.9

NAPHTHALENE 33

4~CHLOROANILINE <8.9
HEXACHLOROBUTADIENE <8.9
4~-CHLORO-3-METHYLPHENOL <8.9
2-METHYLNAPHTHALENE 80
HEXACHLOROCYCLOPENTADIENE <8.9

2,4, 6~-TRICHLOROPHENOL <8.9

2,4 ,5-TRICHLOROPHENOL <45

2-CHLORONAPHTHALENE <8.9

2-NITROANILINE <45

DIMETHYLPHTHALATE <8.9

ACENAPHTHYLENE <8.9

3-NITROANILINE <45

ACENAPHTHENE 33

2, 4=-DINITROPHENOL <45

4-NITROPHENOL <45

c - 122
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ATI I.D. # 9101-238-3

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/30/91
PROJECT # : 1299-003~B04 DATE RECEIVED : 01/31/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 02/06/91
CLIENT I.D. : 11 DUPLICATE DATE ANALYZED : 02/13/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 10
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

DIBENZOFURAN 9.9

2,4-DINITROTOLUENE <8.9

2, 6-DINITROTOLUENE <8.9

DIETHYLPHTHALATE - <8.9
4-CHLOROPHENYL-PHENYLETHER <8.9

FLUORENE : 31

4-NITROANILINE <45
4,6-DINITRO-2-METHYLPHENOL <45
N-NITROSODIPHENYLAMINE <8.9
4-BROMOPHENYL-PHENYLETHER <8.9

HEXACHLOROBENZENE <8.9

PENTACHLOROPHENOL <45

PHENANTHRENE - 88

ANTHRACENE 28

DI-N-BUTYLPHTHALATE <8.9

FLUORANTHENE 40

BENZIDINE <89

PYRENE 36
BUTYLBENZYLPHTHALATE <8.9

3,3-DICHLOROBENZIDINE <18

BENZO (a) ANTHRACENE 13

BIS(2-ETHYLHEXYL) PHTHALATE <8.9

CHRYSENE 15

DI-N-OCTYLPHTHALATE <8.9

BENZO (b) FLUORANTHENE <8.9

BENZO (k) FLUORANTHENE 29

BENZO (a) PYRENE 10

INDENO(1,2,3-cd) PYRENE : 4.8 J

DIBENZ (a,h) ANTHRACENE <8.9

BENZO(g,h, 1) PERYLENE 4.8 J

SURROGATE PERCENT RECOVERIES

NITROBENZENE-d5 53
2-FLUOROBIPHENYL 80
TERPHENYL-d14 66
PHENOL-d6 65
2-FLUOROPHENOL 56
2,4,6-TRIBROMOPHENOL 76

J = Estimated Value..

Cc - 123
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ATI I.D. # 2101-238-3

SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT ¢ GEOENGINEERS, INC. DATE SAMPLED 2 01/30/91
PROJECT # s 1299-003-B04 DATE RECEIVED : 01/31/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 02/06/91
CLIENT I.D. ¢ 11 DUPLICATE DATE ANALYZED : 02/13/91
SAMPLE MATRIX : SEDIMENT : UNITS : mg/Kg
EPA METHOD . : 82790 DILUTION FACTOR : 10
RESULTS BASED ON DRY WEIGHT

SCAN ESTIMATED
COMPOUND NUMBER CONCENTRATION
UNKNOWN PAH 784 : 7%
NAPHTHALENE, 1,8-DIMETHYL- 8795 72
NAPHTHALENE, 1,2-DIMETHYL- el 67
NAPHTHALENE, 1,5-DIMETHYL- 885 39
NAPHTHALENE, 1,3-DIMETHYL- 310 33
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ATI I.D. # 9101-238-8

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/30/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/31/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 02/06/91
CLIENT I.D. ¢ 7A 0-0.37 DATE ANALYZED : 02/13/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 10

O

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
N-NITROSODIMETHYLAMINE <4.6
PHENOL <4.6
ANTLINE <4.6
BIS (2-CHLOROETHYL) ETHER <4.6
2-CHLOROPHENOL <4.6
1,3-DICHLOROBENZENE <4.6
1,4-DICHLOROBENZENE <4.6
BENZYL ALCOHOL <4.6
1,2-DICHLOROBENZENE <4.6
2-METHYLPHENOL <4.6
BIS (2-CHLOROISOPROPYL) ETHER <4.6
4-METHYLPHENOL <4.6
N-NITROSO-DI-N-PROPYLAMINE <4.6
HEXACHLOROETHANE <4.6
NITROBENZENE <4.6
ISOPHORONE <4.6
2-NITROPHENOL <4.6
2,4-DIMETHYL.PHENOL <4.6
BENZOIC ACID <23
BIS (2-CHLOROETHOXY) METHANE <4.6
2,4-DICHLOROPHENOL <4.6
1,2,4-TRICHLOROBENZENE <4.6
NAPHTHALENE 2.6 J
4-CHLOROANILINE <4.6
HEXACHLOROBUTADIENE <4.6
4-CHLORO~-3-METHYLPHENOL <4.6
2-METHYLNAPHTHALENE 2.4 J
HEXACHLOROCYCLOPENTADIENE <4.6
2,4 ,6-TRICHLOROPHENOL <4.6
2,4 ,5-TRICHLOROPHENOL <23
2-CHLORONAPHTHALENE <4.6
2-NITROANILINE <23
DIMETHYLPHTHALATE <4.6
ACENAPHTHYLENE <4.6
3-NITROANILINE <23
ACENAPHTHENE 8.3
2,4-DINITROPHENOL <23
4-NITROPHENOL <23

CONTINUED NEXT PAGE

J = Estimated value.
cC - 125
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ATI I.D. # 9101-238-8

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT : GEOENGINEERS, INC. DATE SAMPLED s 01/30/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/31/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 02/06/91
CLIENT I.D. : 7A 0~0.37 DATE ANALYZED : 02/13/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 10
RESULTS BASED ON DRY WEIGHT :
COMPOUND RESULT
DIBENZOFURAN <4.6
2, 4-DINITROTOLUENE <4.6
2, 6~DINITROTOLUENE <4.6
DIETHYLPHTHALATE <4.6
4-CHLOROPHENYL~PHENYLETHER <4.6
FLUORENE 8.9
4-NITROANILINE <23
4,6-DINITRO-2-METHYLPHENOL <23
N-NITROSODIPHENYLAMINE <4.6
4-BROMOPHENYL-PHENYLETHER <4.6
HEXACHLOROBENZENE <4.6
PENTACHLOROPHENOL <23
PHENANTHRENE 27
ANTHRACENE 9.6
DI-N-BUTYLPHTHALATE <4.6
FLUORANTHENE 24
BENZIDINE <46
PYRENE 25
BUTYLBENZYLPHTHALATE <4.6
3,3-DICHLOROBENZIDINE <9.2
BENZO (a) ANTHRACENE 9.1
BIS (2-ETHYLHEXYL) PHTHALATE <4.6
CHRYSENE 15
DI-N-OCTYLPHTHALATE <4.6
BENZO (b) FLUORANTHENE 11
BENZO (k) FLUORANTHENE 33
BENZO (a) PYRENE 12
INDENO(1,2,3~cd) PYRENE 7.5
DIBENZ (a, h) ANTHRACENE <4.6
BENZO(g,h, i) PERYLENE 8.8

SURROGATE PERCENT RECOVERIES
NITROBENZENE-d5 64
2-FLUOROBIPHENYL 87
TERPHENYL-d14 72
PHENOL~d6 73
2-FLUOROPHENOL 63
2,4, 6-TRIBROMOPHENOL 82

]
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SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT
PROJECT #
PROJECT NAME

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.

CLIENT I.D. 7A 0-0.3’
SAMPLE MATRIX SEDIMENT .
EPA METHOD 8270

QO #9 o¢ o0 se 00 00

RESULTS BASED ON DRY WEIGHT

ATI I.D.

DATE SAMPLED
DATE RECEIVED

DATE EXTRACTED

DATE ANALYZED

UNITS

DILUTION FACTOR

. —— S D e . — —— — —— T — — — . - - ——— — T ———————————— —— — T S Tt G — . P " Yo G > U — — ———————— - ——

. —— — ————— — . —— —— —_————— — ——— — — — ——— T ——————— ———————————— —————— . T ————————

UNKNOWN PAH

NAPHTHALENE, 1,3-DIMETHYL-
NAPHTHALENE, 1,5-DIMETHYL-
DODECANE, 2,7,10-TRIMETHYL-
HEPTADECANE, 2,6,10,15-TETRAMETHYL-

Cc — 127

# 9101-238-8

: 01/30/91
: 01/31/91
: 02/06/91
: 02/13/91
: mg/Kg
: 10

ESTIMATED

CONCENTRATION

11

14

14

47

12
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ATI I.D. # 9101-238

SEMI~-VOLATILE ORGANIC
QUALITY CONTROL DATA

CLIENT : GEOENGINEERS, INC. SAMPLE I.D. : BLANK SPIKE
PROJECT # : 1299-003-B04 DATE EXTRACTED : 02/06/91
PROJECT NAME : UNIMAR, INC. DATE ANALVZED : 02/12/91
EPA METHOD : 8270 ‘ MATRIX : SOIL
UNITS : mg/Kg
DUP DUP
SAMPLE SPIKE SPIKED % SPIKED %
COMPOUND . RESULT ADDED SAMPLE REC SAMPLE REC RPD
1,2,4-TRICHLOROBENZENE <0.17 3.33 2.05 61 2.26 68 16
ACENAPHTHENE <0.17 3.33 1.52 46 1.58 47 4
2,4-DINITROTOLUENE <0.17 3.33 1.51 45 1.60 48 6
PYRENE <0.17 3.33 1.68 50 1.77 53 5
N-NITROSO~-DI-N-PROPYLAMINE <0.17 3.33 2.07 62 2.14 64 3
1,4-DICHLOROBENZENE <0.17 3.33 1.85 56 1.385 59 5
PENTACHLOROPHENOL <0.85 6.67 7.03 105 7.75 11e* 10
PHENOL <0.17 6.67 4.03 60 3.86 58 4
2—-CHLOROPHENOL <0.17 6.67 3.98 60 4.07 61 2
4-CHLORO-3-METHYLPHENOL <0.17 6.67 3.99 60 3.96 59 1
4-NTTROPHENOL <0.85 6.67 6.40 96 6.75 i01 5
% Out of limits.
% Recovery = (Spike Sample Result - Sample Result)
===================================== % 100
Spike Concentration
RPD {(Relative % Difference) = (Spiked Sample - Duplicate Spike}
Result Sample Result
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ¥ 100

Average of Spiked Sample

¢ - 128
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CLIENT

PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD

€0 &8 00 90 o0 oo

19

GEOENGINEERS, INC.

1299-003-B04
UNIMAR, INC.
REAGENT BLANK
WATER

8080 (PCB)

ATI I.D.

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

®4 00 28 00 00 o0

9101-238

N/A
N/A
02/05/91
02/13/91
ug/L

e S G € T T — —— O _———— ——— T _————_— —————— ]~ — _———— . —— —— . — ————— . — T ——— —_ ————— o S — >

PCB
PCB
PCB
PCB
PCB
PCB
PCB

1016
1221
1232
1242
1248
1254
1260

c - 129
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CLIENT

PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD

8% 08 00 @0 B8 6%

ATI I.D. #

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS

DATA SUMMARY

GEOENGINEERS, INC.

1299-003-B04
UNIMAR, INC.

VAN VEEN RINSEATE 10D

WATER
8080 (PCB)

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

9101-238~5

89 €9 60 9B B8 ©Q

01/30/91
01/31/91
$62/057/%1
02713/91
ug/L

o e s o T e s s D 0 3 D D S T D D D D D D D SR D G G I S I D T S 4 5 G e e e S S G G GID £ G G S G SO S S G T S i e S G R D SR S e

o s s s i s s e e T S S D D D S R D D S N S S D D D S ) D o S SR S S G e > D S G S 9 SO GO D € € D GBO R R GRS I I G @K S5 S IS S SH e G G e S s e 68

PCB
PCB
PCB
PCB
PCB
PCB
PCB

i01le6
1221
1232
1242
1248
1254
1260

¢ - 130

<1.0C
<1.0

<i.90

<1.0
<1.0
<1.0
<1.0
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CLIENT

PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD

40 00 S0 20 0% 4

21

GEOENGINEERS, INC.

1299-003-B04
UNIMAR, INC.

SHELBY RINSEATE 10B

WATER
8080 (PCB)

ATI I.D. #

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

9101-238-6

®0 00 08 00 02 00

01/30/91
01/31/91
02/05/91
02/13/91
ug/L

D D i D G T S S S — . o T . o . S — - — —— — — T — . " =~ — ——— —— — T —— - ——— — — —— _————— —

PCB
PCB
PCB
PCB
PCB
PCB
PCB

1016
1221
1232
1242
1248
1254
1260

c - 131
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ATI I.D. # 9101-238

POLYCHLORINATED BIPHENYLS (PCB)
QUALITY CONTROL

CLIENT : GEQENGINEERS, INC. SAMPLE ID 2 9101-238-5
PROJECT # : 1299-003-B04 DATE EXTRACTED : 02/05/91
PROJECT NAME : UNIMAR, INC. DATE ANALVZED : 02/13/91
EPA METHOD : 8080 (PCBj} MATRIX : WATER
UNITS : ug/L
DUP bup
SAMPLE CONC SPIKED % SPIKED %
COMPOUND RESULT SPIKED SAMPLE REC SAMPLE RECOVERY RPD
PCB 1260 <i,0 9.3 11.2 120 16.6 114 6
% Recovery = (Spike Sample result - Sample Result)
i o £ s 2 o 0 e e o e emem e ] G
Spike Concentration
RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@ X 100

Average of Spiked Sample
¢ - 132
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CLIENT
PROJECT #
PROJECT NAME
EPA METHOD

23

ATI I.D. # 9101-238

POLYCHLORINATED BIPHENYLS (PCB)

QUALITY CONTROL

: GEOENGINEERS, INC. SAMPLE ID : BLANK SPIKE
: 1299-003-B04 DATE EXTRACTED : 02/05/91
¢ UNIMAR, INC. DATE ANALYZED : 02/13/91
: 8080 (PCB) MATRIX ¢ WATER
UNITS : ug/L
DUP DUP
SAMPLE CONC SPIKED % SPIKED % °

RESULT SPIKED SAMPLE REC

SAMPLE RECOVERY RPD

s i T D D s S . T . it o T T T —— T - {—— — . — - ——" T ————_ — — — —— ——— " . S ——— A — " . 220 o —— e > S

PCB 1260

% Recovery = (Spike Sample.result ~ Sample Result)

RPD (Relative

Spike Concentration

% Difference) = (Spiked Sample - Duplicate Spike)

Result

Sample Result

Average of Spiked Sample
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ATI I.D. # 9101-238

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED s N/A
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 02/05/91
CLIENT I.D. ¢ REAGENT BLARNK DATE ANALYZED s 02/13/7%1
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8080 (PCB; DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

PCB 1016 <0.033

PCB 1221 <0.033

PCB 1232 <0.033

PCB 1242 <0.033

PCB 1248 <0.033

PCB 1254 <0.033

PCB 1260 <0.033
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ATI I.D. # 9101-238-1

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/29/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/31/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 02/06/91
CLIENT I.D. : S5A 0-0.37 DATE ANALYZED : 02/13/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

PCB 1016 <0.22

PCB 1221 <0.22

PCB 1232 <0.22

PCB 1242 <0.22

PCB 1248 <0.22

PCB 1254 <0.22

PCB 1260 <0.22

C - 135



:’: AK. AnalyticolTechnologies,inc.
- : 26

ATI I.D. # 9101-238-2

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/30/91
PROJECT # ¢ 1299-003-B04 DATE RECEIVED : 01/31/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 02/06/91
CLIENT I.D. : 6A 0-0.37 . DATE ANALYZED : 02/713/91
SAMPLE MATRIX : SEDIMENT ‘UNITS : mg/Kg
EPA METHCD : 8080 (PCB) _ DILUTION FACTOR : 25 +*
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

PCB 1016 <4.1

PCB 1221 <4.1

PCB 1232 <4.1

PCB 1242 <4.1

PCB 1248 <4.1

PCB 1254 <4.1

PCB 1260 <4.1

* Dilution factor necessary due to sample matrix.
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ATI I.D. # 9101-238-3

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 01/30/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/31/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 02/06/91
CLIENT I.D. : 11 DUPLICATE DATE ANALYZED : 02/13/91
SAMPLE MATRIX : SEDIMENT : UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 25 *
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

PCB 1016 <4.3

PCB 1221 <4.3

PCB 1232 <4.3

PCB 1242 <4.3

PCB 12438 <4.3

PCB 1254 <4.3

PCB 1260 <4.3

* Dilution factor necessary due to sample matrix.
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ATI I.D. # 9101-238-8

POLYCHILORINATED BIPHENYLS (PCB} ANALYSIS
DATA SUMMARY

CLIENT ¢ GEOENGINEERS, INC. DATE SAMPLED ¢ 01/30/91
PROJECT # ¢ 1299~003-B04 DATE RECEIVED : 01/31/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 02/06/91
CLIENT I.D. : 7A 0-0.3° DATE ANALYZED : 02/13/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 25 %
RESULTS BASED ON DRY WEIGHT :

COMPOUND RESULT

PCB 1016 <2.2

PCB 1221 <2.2

PCB 1232 <2.2

PCB 1242 <2.2

PCB 1248 <2.2

PCB 1254 <2.2

PCB 1260 <2.2

*# Dilution factor necessary due to sample matrix.
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CLIENT
PROJECT #
PROJECT NAME
EPA METHOD

29

ATI I.D. # 9101-238

POLYCHLORINATED BIPHENYLS (PCB)

QUALITY CONTROL

: GEOENGINEERS, INC. SAMPLE ID ¢ BLANK SPIKE
: 1299-003-B04 DATE EXTRACTED : 02/06/91
¢ UNIMAR, INC. DATE ANALYZED : 02/13/91
: 8080 (PCB) MATRIX : SOIL
UNITS : mg/Kg
- DUP DUP
SAMPLLE CONC SPIKED % SPIKED %

RESULT SPIKED SAMPLE REC

SAMPLE RECOVERY RPD

PCB 1260

<0.033 0.33 0.376 114

% Recovery = (Spike Sample result - Sample Result)

RPD (Relative

Spike Concentration

% Difference) = (Spiked Sample -
Result

Duplicate Spike)
Sample Result

Average of Spiked Sample
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ATI I.D. # 9101-238

POLYNUCLEAR AROMATICS ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. ' DATE SAMPLED : N/A
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 02/05/91
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 02/12/91
SAMPLE MATRIX : WATER UNITS : ug/L
EP2 METHOD : 8310 DILUTION FACTOR : 1
COMPOUND RESULT

NAPHTHALENE <0.50

ACENAPHTHYLENE <1.0

ACENAPHTHENE <1.0

FLUORENE <0.10

PHENANTHRENE <0.05

ANTHRACENE <0.05

FLUORANTHENE <0.10

PYRENE <0.10

BENZO (a) ANTHRACENE <0.10

CHRYSENE <0.10

BENZO (b) FLUORANTHENE <0.10

BENZO (k) FLUORANTHENE <0.10

BENZO (a) PYRENE <0.10

DIBENZ (a,h) ANTHRACENE <0.20

BENZO(g,h, i) PERYLENE <0.10

INDENO(1,2,3-cd) PYRENE <0.10
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ATI I.D. #

POLYNUCLEAR AROMATICS ANALYSIS

CLIENT
PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD

1299-003-B04
UNIMAR, INC.

WATER
8310

0 20 506 80 60 o0

DATA SUMMARY

GEOENGINEERS, INC.

VAN VEEN RINSEATE 10D

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

9101-238-5

01/30/91
01/31/91
02/05/91
02/12/91
ug/L

o o s s . T T — o — ——————— - ]t o e i . S T o S S S S T e S T — — — — — — ———— — —— ————————— ———————

—————— — —— — ————— T — —— ——— T D T T A W T W W T A — — T ———————— —— - —— - ——— —— — — — — ———— . —————

NAPHTHALENE
ACENAPHTHYLENE
ACENAPHTHENE

FLUORENE

PHENANTHRENE
ANTHRACENE
FLUORANTHENE

PYRENE
BENZO (a) ANTHRACENE
CHRYSENE

BENZO (b) FLUORANTHENE
BENZO (k) FLUORANTHENE
BENZO (a) PYRENE
DIBENZ (a,h) ANTHRACENE
BENZ0O(g,h, i) PERYLENE
INDENO(1,2,3-cd) PYRENE
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<0.50
<1.0

<1.0

<0.10
<0.05
<0.05
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.20
<0.10
<0.10
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ATI I.D. #

POLYNUCLEAR AROMATICS ANALYSIS

CLIENT
PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD

UNIMAR,
SHELBY
WATER
8310

98 B0 60 B8 BE ©O

DATA SUMMARY

INC.
RINSEATE

GEOENGINEERS, INC.
1259~003-B04

i0B

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

29101-238-6

8¢ 68 on BO 00 08

01/30/91
01/31/91
02/05/91

02/12/91
ug/L

NAPHTHALENE
ACENAPHTHYLENE
ACENAPHTHENE

FLUORENE

PHENANTHRENE
ANTHRACENE
FLUORANTHENE

PYRENE
BENZO (a) ANTHRACENE
CHRYSENE

BENZO (b) FLUORANTHENE
BENZO (k) FLUORANTHENE
BENZO (a) PYRENE
DIBENZ (a,h) ANTHRACENE
BENZO (g, h, i) PERYLENE
INDENO(1,2,3~-cd) PYRENE

<0.5

<3i.0

<1.0

<0.10
<0.05
<0.05
<0.10
<0.190
<0.10
<0.10
<0.10
<0.10
<8.10
<0.20
<0.10
<0.10
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POLYNUCLEAR AROMATICS
QUALITY CONTROL DATA

33

NC.

SAMPLE I.D.

DATE EXTRACTED
DATE ANALYZED
MATRIX

ATI I.D.

DUP

SPIKED '

SAMPLE

T — —— - — ————— — ———— — — ——— —— — " _— — — ——_—— — ——— ———— — — — T —— " ——————— — T ———

CLIENT : GEOENGINEERS, I
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC.
EPA METHOD : 8310

SAMPLE
COMPOUND RESULT
ACENAPHTHYLENE <1.0
PHENANTHRENE <0.05
PYRENE <0.10
BENZO (k) FLUORANTHENE <0.10

SPIKED %
SAMPLE REC
5 50
7.4 70
9.7 92
7.4 78

% Recovery = (Spike Sample Result - Sample Result)

——— ——————— — > o . Bt} e s S s S s . e . —— —————— -

RPD (Relative

o
%

Spike Concentration

Difference) =

# 9101-238
9101-238-6
02/05/91
02/12/91
WATER
ug/L

DUP

%

REC RPD

62 21

75 7

91 1

70 10

(Spiked Sample - Duplicate Spike)
Sample Result

Result

Average of Spiked Sample
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ATI I.D. # 9101-238

POLYNUCLEAR AROMATICS
QUALITY CONTROL DATA

CLIENT : GEOENGINEERS, INC. SAMPLE I1I.D. : BLANK SPIKE
PROJECT # : 1299-G03-B04 DATE EXTRACTED : 02/05/91
PROJECT NAME : UNIMAR, INC. DATE ANALYZED : 02/12/%1
EPA METHOD : 8310 MATRIX : WATER

UNITS : ug/L

DUP DUP
SAMPLE SPIKE SPIKED % SPIKED %

COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
ACENAPHTHYLENE <1.0 59.9 51 51 N/A N/A N/A
PHENANTHRENE <3.05 1¢.6 7.4 70 N/a N/A N/A
PYRENE <0.10 -10.5 9.9 94 N/A N/A N/A
BENZO (k) FLUORANTHENE <0.10 9.52 7.1 75 N/A N/A N/A

% Recovery = (Spike Sample Result - Sample Result)

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm x 1900
Spike Concentration
RPD {(Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm X 100

Average of Spiked Sample
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CLIENT
PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD
RESULTS BASED

- SOIL
8310

O o0 5o 00 00 00 0o

35

ATI I.D. # 9101-238

POLYNUCLEAR AROMATICS

GEOENGINEERS, INC.
1299-003~B04
UNIMAR, INC.
REAGENT BLANK

N DRY WEIGHT

DATE SAMPLED : N/A
DATE RECEIVED : N/A
DATE EXTRACTED : 02/07/91
DATE ANALYZED : 02/16/91
UNITS : mg/Kg
DILUTION FACTOR : 1

NAPHTHALENE
ACENAPHTHYLENE
ACENAPHTHENE

FLUORENE

PHENANTHRENE
ANTHRACENE
FLUORANTHENE

PYRENE
BENZO (a) ANTHRACENE
CHRYSENE

BENZO (b) FLUORANTHENE
BENZO (k) FLUORANTHENE
BENZO (a) PYRENE
DIBENZ (a,h) ANTHRACENE
BENZO(g,h, 1) PERYLENE

INDENO(1,2,3-cd) PYRENE

C - 145

<0.083
<0.17
<0.17
<0.017
<0.0083
<0.0083
<0.017
<0.017
<0.017
<0.017
<0.017
<0.017
<0.017
<0.034
<0.017
<0.017
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CLIENT
PROJECT #
PROJECT NAME
CLIENT I.D.
SAMPLE MATRIX
EPA METHOD
RESULTS BASED

1299-003~-B04
UNIMAR, INC.
6B 0.3-5.07
SEDIMENT

UNITS

DILUTION FACTOR
N DRY WEIGHT

36
ATI I.D.
POLYNUCLEAR AROMATICS
DATA SUMMARY
GEOENGINEERS, INC. DATE SAMPLED

DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED

=~ 8d ee 2D 68 B ©®

01/30/91
01/31/91
02/07/91
02/20/91
mg/Kg
20

o o o o D AU I C D T A TOD G EAD 2 D € G X e = G = e e G e S P S SN N I S G S S G S S S D f S T I O I 0% S S S e GED GED SR Gal G SN Gm X Gm SE b €I w e

> 0 oo T S S 0 D T D D G W G G e e G CU S S D D S N SN G M G G S S e D G O G G D CED D D I KD XD D I KD X D D U S e o S Gy G e s 0 s G0 S G2 G KRS s X

NAPHTHALENE

ACENAPHTHYLENE

ACENAPHTHENE
FLUORENE
PHENANTHRENE
ANTHRACENE
FLUORANTHENE
PYRENE

BENZO (a) ANTHRACENE

CHRYSENE

BENZO (b) FLUORANTHENE
BENZO (k) FLUORANTHENE
BENZO (a) PYRENE
DIBENZ (a,h) ANTHRACENE
BENZO(g,h, 1) PERYLENE
INDENO(1,2,3~cd) PYRENE

¢ - 146
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ATI I.D. # 9101-238-9

POLYNUCLEAR AROMATICS

CLIENT
PROJECT #
PROJECT NAME
CLIENT I.D.

: 1299-003-B04
SAMPLE MATRIX :
o)

UNIMAR, INC.
7B 0.3-5.0’
SEDIMENT
8310
N DRY WEIGHT

EPA METHOD
RESULTS BASED

GEOENGINEERS,

DATA SUMMARY

INC.

DATE SAMPLED : 01/30/91
DATE RECEIVED : 01/31/91
DATE EXTRACTED : 02/07/91
DATE ANALYZED : 02/20/91
UNITS : mg/Kg
DILUTION FACTOR : 10

T D D e e TR D D (L (i D e 1 s (i Sl e S S . . S i ——— — —— — 0 U —— " Y ——— > _——— " S ——— ——— T — —

NAPHTHALENE
ACENAPHTHYLENE
ACENAPHTHENE

FLUORENE

PHENANTHRENE
ANTHRACENE
FLUORANTHENE

PYRENE
BENZO (a) ANTHRACENE
CHRYSENE

BENZO (b) FLUORANTHENE
BENZO (k) FLUORANTHENE
BENZO (a) PYRENE
DIBENZ (a,h) ANTHRACENE
BENZO(g,h, i) PERYLENE
INDENO(1,2,3-cd) PYRENE
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ATI I.D. # 9101-238
POLYNUCLEAR AROMATICS
QUALITY CONTROIL DATA
CLIENT : GECENGINEERS, INC. SAMPLE I.D. s 102083-06
PROJECT # : 1299-003-B04 DATE EXTRACTED : 02/07/91
PROJECT NAME : UNIMAR, K6 INC, DATE ANALYZED : 02/16/91
EPA METHOD : 831¢ MATRIX : SOIL
UNITS : mg/Kg
DUpP DUP
SAMPLE SPIKE SPIKED % SPIKED %
COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
ACENAPHTHYLENE <0.17 i8.2 14 77 14 77 0
PHENANTHRENE g.28 1.91 2.5 116 2.2 101 13
PYRENE 0.039 2.43 2.0 81 2.0 81 o
BENZO (k) FLUORANTHENE <0.17 1.87 1.5 0 1.6 86 &
% Recovery = (Spike Sample Result - Sample Result)
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ¥ 1060
Spike Concentration
RPD (Relative % Difference) = {(Spiked Sample - Duplicate Spike)

Result

Sample Result

Average of Spiked Sample
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ATI I.D. # 9101-238

GENERAL CHEMISTRY RESULTS

CLIENT : GEOENGINEERS, INC. MATRIX : WATER
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC. UNITS : ng/L

————.———————-——-—....——._—————__—...._———_——_——__———————————————————-———_——_

PARAMETER =7
MONOBUTYLTIN 15

DIBUTYLTIN 4

TRIBUTYLTIN ND

TETRABUTYLTIN ND

ND - None detected.
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ATI # 9101-238

METALS ANALYSIS

CLIENT : GEOENGINEERS, INC.
PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR, INC.

SAMPLE MATRIX : WATER

ELEMENT DATE PREPARED DATE ANALYZED
ARSENIC 02/01/91 02/17/91

BARIUM 02/01/91 02/28/91

CADMIUM 02/01/91 02/26/91

CHROMIUM 02/01/91 02/28/91

COPPER 02/01/91 02/01/91

COPPER 02/01/91 02/28/91

LEAD 02/01/91 02/26/91

MERCURY 02/20/91 02/20/91

NICKEL 02/01/91 02/28/91

SELENIUM 02/01/91 02/17/91

STILVER 02/01/91 02/28/91

ZINC 02/01/91 02/28/91
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CLIENT
PROJECT #
PROJECT NAME

41

METALS ANALYSIS

GEOENGINEERS, INC.

1299-003-B04
UNIMAR, INC.

ATI I.D. # 9101-238

——— ———— ————— ————————— —— —————————————— — ————— > . 4 L U U D Ve s U S i, U Y S T S —————

VAN VEEN
- RINSEATE 10D

SHELBY
RINSEATE 10B

ARSENIC
BARIUM
CADMIUM
CHROMIUM
COPPER
LEAD
MERCURY
NICKEL
SELENIUM
SILVER

ZINC

<0.005

<0.02

<0.0003

<0.02

<0.02

<0.005

<0.0005

<0.01

<0.005

<0.03

<0.01

<0.005
<0.02
<0.0003
<0.02
0.10
0.009
<0.0005
<0.01
<0.005
<0.03

<0.01

Cc - 151

MATRIX : WATER

UNITS : mg/L
BETA REAGENT
RINSEATE 10F BLANK
-7 -
<0.005 <0.005%
<0.02 <0.02
<0.0003 <0.0003
<0.02 <0.02
<0.02 <0.02
<0.005 <0.005
<0.0005 <0.0005
<0.01 <0.01
<0.005 <0.005
<0.03 <0.03
<0.01 <0.01
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ATI I.D. # 9101-238

METALS QUALITY CONTROL

CLIENT ¢ GEOENGINEERS, INC. MATRIX : WATER
PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR, INC. UNITS : mg/L
T saMPLE DpUP SPIKED SPIKE %
COMPOUND ATI I.D. RESULT " RESULT RPD SAMPLE CONC REC
ARSENIC 9101-238-7 <0.005 <0.005 0 0.023 0.025 92
BARIUM 9101-238-7 <0.02 <0.02 0 10.6 10.0 106
CADMIUM 9101-238-7 <0.0003 0.0006 0 0.0010 0.0010 100
CHROMIUM 9101-238-7 <0.02 <0.02 0 2.59 2.50 104
COPPER 9101-174-2 0.65 0.59 10 3.04 2.50 96
LEAD 9101-238-7 <0.005 <0.005 0 0.027 0.025 108
MERCURY 9102-069-4 <0.0005 <0.0005 O 0.0030 0.0020 150
MERCURY BLANK SPIKE N/A N/A N/A 0.0025 0.0020 125
NICKEL 9101-238-7 <0.01 <0.01 0 2.62 2.50 105
SELENIUM 9101-238-7 <0.005 <0.005 0 0.026 0.025 104
SILVER 9101-238-7 <0.03 <0.03 0 11.8 10.0 118
ZINC 9101-238-7 0.11 0.12 9 2.88 2.50 111

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration

RPD (Relative % Difference) = (Sample Result - Duplicate Result)
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ATI # 9101-238

METALS ANALYSIS

CLIENT
PROJECT #

PROJECT NAME
SAMPLE MATRIX

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.
SEDIMENT

06 80 08 69

ELEMENT DATE PREPARED DATE ANALYZED
ARSENIC 02/15/91 02/28/91
BARIUM 02/15/91 02/26/91
CADMIUM 02/15/91 02/26/91
CHROMIUM 02/15/91 02/26/91
COPPER 02/15/91 02/26/91
LEAD 02/15/91 02/26/91
MERCURY 02/22/91 02/22/91
NICKEL 02/15/91 02/26/91
SELENTIUM 02/15/91 02/15/91
SILVER 02/15/91 02/26/91
ZINC 02/15/91 02/26/91
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ATI I.D. # 9101-238

METALS ANALYSIS

CLIENT : GEOENGINEERS, INC. MATRIX : SEDIMENT
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC. UNITS : mg/Kg

5A 0-0.3’ 6A 0-0.3’ 11 DUPLICATE 6B 0.3-5.07

PARAMETER -1 -2 -3 -4
ARSENIC 190 190 150 67
BARIUM 130 180 170 110
CADMIUM 17 19 16 10
CHROMIUM 78 76 77 57
COPPER 610 1,200 850 252
LEAD 620 500 480 230
MERCURY 1.52 <0.80 0.83 © <0.80
NICKEL 75 69 78 57
SELENIUM <2.0 <2.0 <2.0 <2.0
SILVER <2 <2 <2 <2
ZINC 1,600 1,700 1,400 430

C - 154
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METALS RESULTS

ATI I.D.# 9101-238

GEOENGINEERS, INC. MATRIX : SEDIMENT
1299-003-B04

UNIMAR, INC. UNITS : mg/Kg

7A 0-0.37 " 7B 0.3-5.0¢  REAGENT
-8 -9 BLANK

190 27 <0.5

130 90 <1

13 8.0 <1

59 44 <1

540 130 3.7

470 170 <2.5

<0.80 <0.80 <0.15

74 51 <1

<2.0 <2.0 <0.5

<2 <2 <2

1,000 270 2.8

ZINC
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ATI I.D. # 9101-238

METALS QUALITY CONTROL

CLIENT ¢ GEOENGINEERS, INC. MATRIX : SEDIMENT/SOIL
PROJECT # 3 1299-003-B04

PROJECT NAME : UNIMAR, INC. UNITS : mg/Kg
T sawpLE DUP SPIKED SPIKE %
COMPOUND ATI I.D. RESULT RESULT RPD SAMPLE CONC REC
ARSENIC 9101-238-9 27 27 o * % *% %%
ARSENIC BLANK SPIKE N/A N/A N/A 2.0 2.5 80
ARSENIC BLANK SPIKE N/A N/A N/A 2;1 2.5 84
BARIUM 9101-238-9 90 | 86 4 1,440 1,380 98
CADMIUM 9101-238-9 8.0 7.6 5 70 69 90
CHROMIUM 9101-238-9 44 42 5 372 345 95
COPPER 9101-238-9 130 120 8 450 345 93
LEAD 9101-238-9 170 170 0 836 690 96
MERCURY 9102-090-5 <0.15 <0.15 0 0.33 0.49 67
NICKEL 9101-238-9 51 48 6 380 345 93
SELENIUM 9101-238-9 <0.5 <0.5 0 3.5 3.4 103
SILVER 9101-238-9 <2 <2 0 58 69 84
ZINC 9101-238-9 270 1260 4 591 345 95

**‘Due to the necessary dilution of the sample, result was not
attainable.

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration
RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result

C —- 156
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ATI I.D. # 9101-238

GENERAL CHEMISTRY

CLIENT . GEOENGINEERS, INC.

PROJECT # ¢ 128%-003-B04

PROJECT NAME : UNIMAR, INC.

SAMPLE MATRIX : WATER

ANALYSIS DATE PREPARE DATE ANALYZED
PETROLEUM HYDROCARBONS 02/04/91 02/04/91



)! A\ AnalyticalTechnologies,Inc.
48
ATI I.D. # 9101-238

GENERAL CHEMISTRY RESULTS

CLIENT : GEOENGINEERS, INC. MATRIX : WATER
PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR, INC. UNITS : mg/L
ATI I.D. # CLIENT I.D. PETROLEUM HYDROCARBONS
9101-238-5 VAN VEEN RINSEATE 10D <1

9101-238-6 SHELBY RINSEATE 10B <1

REAGENT BLANK - <1

C - 158
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ATI I.D. # 9101-238

GENERAL CHEMISTRY QUALITY CONTROL

CLIENT : GEOENGINEERS, INC. SAMPLE MATRIX : WATER -
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC.

ATI SAMPLE DUP SPIKED SPIKE %
PARAMETER UNITS I.D. RESULT RESULT RPD RESULT ADDED REC
PETROLEUM :
HYDROCARBONS mg/L 9102-037-1 <1 <1 o 4.98 9.96 50

% Recovery = (Spike Sample Result - Sampi@ Result)
Spike Concentration

RPD (Relative % Difference) = {Sampiﬁ Result - Duplicate Result)
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa X 100
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ATI I.D. # 9101-238

GENERAL CHEMISTRY

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.

CLIENT
PROJECT #
PROJECT NAME

o0 o0 88 0

SAMPLE MATRIX : SEDIMENT
ANALYSIS DATE PREPARED DATE ANALYZED
PETROLEUM HYDROCARBONS 02/04/91 02/04/91

MOISTURE | - 02/02/91

C - 160
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ATI I.D. # 9101-238

GENERAL CHEMISTRY RESULTS

CLIENT : GEOENGINEERS, INC. MATRIX : SEDIMENT
PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR, INC. UNITS : mg/Kg
ATI I.D.# CLIENT I.D. PETROLEUM HYDROCARBONS
9101~-238-1 5A 0-0.3° 780

9101-238-2 6A 0-0.37 200

9101-238-3 11 DUPLICATE 110

9101-238-4 6B 0.3~5.07 130

9101-238-8 7A 0-0.37 160

9101-238-9 7B 0.3-5.07 190

REAGENT BLANK -~ <5
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APPENDIX A

FIELD PROGRAM
SEDIMENT SAMPLING

Sediment core and benthic samples were collected at stations 1 through
9 for chemical analyses and descriptive logging between January 21 and
January 30, 1991. The deep sediment core samples were collected by scuba
divers who hand-drove 5-foot Shelby Tube (stainless steel core tube)
samplers into the lake bottom sediments. The benthic and shallow sediment
samples were collected from a stainless steel Van Veen grab sampler.

The divers used one of two techniques to drive the samplers 5 feet into
the bottom sediments. One method was to push the tube into soft sediments
by hand and the other method involved using a 10-pound drive hammer for more
competent materials. After the Shelby Tubes were driven to the required
sample depth, the sample tube was slowly retrieved from the lake bottom with
a hand-winch or by hand with a rope. The diver maintained constant
communicétions with workers at the surface throughout the entire process.
Immediately upon retrieval from the lake bottom, the diver capped both ends
of the tube with tight-fitting plastic endcaps and temporarily sealed the
endcaps with self-adhering PVC (polyvinyl chloride) tape. The sample tube
was raised to the surface where the core recovery was checked with a tape
measure. Acceptable core recovery was predetermined to be 3.5 feet or
greater.

The core samples were then extruded into aluminum foil-lined troughs
for descriptive logging. The sediment core was measured, photographed and
divided into discrete intervals for sampling. Sediment samples were
collected from the core, place into the appropriately labeled bottles, and
kept cold in insulated containers during transport to the testing laborato-
ry. The transport containers were sealed with chain of cﬁstody seals and
the appropriate chain of custody paperwork accompanied the sample bottles
to the testing laboratory.

The sediment volume required for the chemical analyses in the shallow
interval (0 to 0.3 feet) was greater than the volume contained in the
shallow sample interval. The sample volume was supplemented with sediment

obtained from the Van Veen composite sample as specified in the QA/QC plan.
Samples were analyzed for the test methods specified in Table 3 of the QA/QC
plan. The analytical reports are given in Appendix C.
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Geogygz Engineers
BETA WATER SAMPLING

’ A total of three Beta water samples, 8A, 2A and 12, were collected for
chemical anaiyses. Water sample 12 was collected as a duplicate of sample
~2A at station 2. Prior to sampling at each location, the water depth was
measured with a weighted fiberglass tape and the sample depth was recorded
in the field notes. The water sample depth was marked (1 foot minus the
water depth) on the messenger line of the Beta sampler, the sample was
slowly lowered into position and the sampler was triggered to close with the
messenger weight. The sampler was brought to the surface where the water
samples were placed into the appropriate bottles, the pH of the preserved
samples were verified with test paper and the samples were placed in cold,
insulated transport containers. All chain of custody procedures were
followed for submitting the samples to the testing laboratory. Samples were
analyzed for the testing methods specified in Table 3 of the QA/QC plan. The

analytical reports are given in Appendix C.

FIELD WATER QUALITY MEASUREMENTS

) The temperature, pH, electrical conductivity and dissolved oxygen of
the Beta water samples were measured with an Orion pH meter, a YSI tempera-
ture and conductivity meter and a YSI dissolved oxygen meter. The dissolved
oxygen measurements were confirmed in the field by manual titration. The
calibration of the pH and conductivity sensors was checked against standard
solutions prior to measurements. The water sample measurements were
recorded in triplicate and averaged for each parameter. The field water
quality results are presented in Table 5.

DECONTAMINATION PROCEDURES

All sampling equipment was decontaminated between obtaining samples
from sampling stations and between each sampling attempt for the core
samples. The equipment was decontaminated by steam-cleaning to remove gross
contamination, washing with a trisodium phosphate wash, rinsing with tap
water, rinsing with distilled water, rinsing with methanol and finally
rinsing thoroughly with distilled water. Shelby Tubes were then wrapped in
aluminum foil for storage.

RINSEATE BLANKS

Rinseate (equipment) blanks were collected by spraying distilled water
over each piece of sampling equipment and submitting the water samples to
the testing laboratory. All chain of custody procedures were followed for
submitting the rinseate blanks to the testing laboratory. Samples were
analyzed for the testing methods specified in Table 3 of the QA/QC plan.

The analytical reports are given in Appendix C.
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GEl 85-88

SOIL CLASSIFICATION SYSTEM

GROUP
MAJOR DIVISIONS SYMBOL GROUP NAME
WELL-GRADED GRAVEL, FINE TO
COARSE GRAVEL CLEAN GRAVEL GwW COARSE GRAVEL
GRAINED GP POORLY-GRADED GRAVEL
SOILS
MORE THAN 50% GRAVEL GM SILTY GRAVEL
OF COARSE FRACTION WITH FINES
RETAINED
ON NO. 4 SIEVE GC CLAYEY GRAVEL
MORE THAN 50% -
RETAINED ON WELL-GRADED SAND, FINE TO
NO. 200 SIEVE SAND CLEAN SAND sSw COARSE SAND
SP POORLY-GRADED SAND
MORE THAN 50% SAND SM SILTY SAND
OF COARSE FRACTION
PASSES WITH FINES
NO. 4 SIEVE SC CLAYEY SAND
SILT AND CLAY ML SILT
FINE INORGANIC
GRAINED CL CLAY
SOILS LIQUID LIMIT
LESS THAN 50 ORGANIC OL ORGANIC SILT, ORGANIC CLAY
SILT AND CLAY MH SILT OF HIGH PLASTICITY, ELASTIC SILT
MORE THAN 50% INORGANIC
PASSEISE\':S' 200 CH CLAY OF HIGH PLASTICITY, FAT CLAY
LIQUID LIMIT
50 OR MORE ORGANIC OH ORGANIC CLAY, ORGANIC SILT
HIGHLY ORGANIC SOILS PT PEAT
NOTES: SOIL MOISTURE MODIFIERS:

1. Field classification is based on
visual examination of soil in general
accordance with ASTM D2488-83.

2. Soil classification using faboratory
tests is based on ASTM D2487-83.

3. Descriptions of soil density or

consistency are based on
interpretation of blowcount data,
visual appearance of soils, and/or

test data.

Dry — Absence of moisture, dusty, dry
to the touch

Moist — Damp, but no visible water
Wet — Visible free water or saturated,

usually soil is obtained from
below water table

o
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SOIL CLASSIFICATION SYSTEM

FIGURE B_{




LOG OF SEDIMENT CORE

DEPTH BELOW SOIL GROUP
LAKE BOTTOM CLASSIFICATION
(FEET) SYMBOL DESCRIPTION
SEDIMERT CORE 1
0.0 - 0.4 SM Black silty fine to medium sand (sand blast material) (loose, wet)
Heavy hydrocarbon staining
0.4 - 0.8 ML Dark grayish black sandy silt with interbedded sand and silt (sand
blast material) (soft, wet)
Moderate hydrocarbon staining
0.8~ 0.9 M Black silty sand (loose, wet)
Beavy hydrocarbon staining
0.9 - 1.3 ML Gray silt with a trace of organics (soft, wet)
1.3 - 2.0 ML Gray silt, laminated (very soft, wet)
2.0 - 2.2 SM Gray fine to coarse silty sand (sand blast material) (loose, wet)
2.2 - 2.5 SM Black silty fine to coarse sand with occasional wood fragments (sand
blast material) (loose, wet)
Heavy hydrocarbon staining
2.5 -~ 2.7 ML Gray silt with a trace of sand and organic material
2.7 - 4.0 SM Gray silty sand with gravel (medium dense, wet) (till)
Sediment core completed at 4.0 feet on 01/24/81
SEDIMERT CORE 2
0.0 - 3.8 ML Gray silt with fine to medium sand and a trace of silt and clay (sand
blast material) (soft, wet)
3.8 - 4.2 ML Brown and gray laminated silt with a trace of organics and clay layers
4.2 - 4.8 ML Gray sandy silt with & trace of organics (soft, wet)
4£.8 - 4.9 ML Brown sandy silt (soft, wet)

Sediment ccre completed at 4.8 feet on 01/24/91

THE DEPTHS ON THE SEDIMENT CORE LOGS, ALTHOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF MEASUREMENTS ACROSS
THE SEDIMENT CORE AND SHOULD BE CONSIDERED ACCURATE TO 0.5 FOOT.
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LOG OF SEDIMENT CORE

FIGURE B-2




LOG OF SEDIMENT CORE

DEPTH BELOW SOIL GROUP
LAKE BOTTOM CLASSIFICATION
{FEET) SYMBOL DESCRIPTION
SEDIMENT CORE 3
]
0.0 -~ 2.5 ML Gray to brown silt with a trace of organics (very soft, wet)
Slight to moderate petroleum staining
2.5- 3.2 ML Black silt with a trace of clay (very coft, wet)
Heavy hydrocarbon staining
3.2 - 3.3 CL - Light gray clay (soft, wet)
3.3 - 3.7 ML Dark gray silt (very soft, wet)
Moderate petroleum staining
3.7 - 3.9 ML Gray silt with clay layers, laminated (soft, wet)
3.9 - 4.4 ML Grey silt (very soft, wet)
4.6 - 5.0 ML Brown silt with clay and occasional organic material (very soft, wet)
Sediment core completed at 5.0 feet on 01/25/81
SEDIMENT CORE 4
0.0 - 2.5 ML Gray silt with clay and a trace of fine black sand (sand blast
N material) (very soft, wet)
2.5 -~ 2.7 SM Black silty sand (sand blast material) (soft, wet)
Heavy hydrocarbon staining
2.7 - 3.8 ML Gray silt with a trace of clay and black sand (sand blast material)
{very soft, wet)
3.8 - 4.3 ML Brown silt (very soft, wet)

Sediment core completed at 4.3 feet on 01/28/91

THE DEPTHS ON THE SEDIMENT CORE LOGS, ALTHOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF MEASUREMENTS ACROSS
0.5

THE SEDIMENT CORE AND SHOULD BE CONSIDERED ACCURATE TO

FOOT,
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LOG OF SEDIMENT CORE

DEPTH BELOW SOIL GROUP
LAKE BOTTOM CLASSIFICATION
{FEET) SYMBOL DESCRIPTION
SEDIMERT CORE 5
0.0 - 2.1 ML Laminated brown and gray silt with a trace of clay and sand
2.1 - 2.5 ML Black silt with clay and a trace of sand (very soft, wet)
Beavy hydrocarbon staining
2.5- 2.8 ML Brown silt with a trace of organics (very soft, wet)
2.8 - 3.3 ML/CL Dark gray laminated silt and clay (soft, wet)
3.3 - 3.7 ML Light brown silt with a trace of organics
3.7 - 3.8 ML Dark gray =silt
Moderate hydrocarbon staining
3.8 - 4.1 ML Brown silt (soft, wet)
4.1 - 4.4 ML Gray silt with occasional organic material and a trace of clay (soft,
wet)
4.4 - 4.6 ML Brown silt (soft, wet)
4.6 - 4.9 ML Gray silt (soft, wet)
Slight hydrocarbon staining
4.9 - 5.0 ML Brown silt (soft, wet)

Sediment core completed at 5.0 feet on 01/28/€1

THE DEPTHS ON THE SEDIMENT CORE LOGS, ALTHOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF MEASUREMENTS ACROSS
0.

THE SEDIMENT CORE AND SHOULD BE CONSIDERED ACCURATE TO

S5 FOOT.-
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FIGURE B-4




LOG OF SEDIMENT CORE

DEPTH BELOW SOOIl GROUP .
LAKE BOTTOM CLASSIFICATION
{FEET) SYMBOL DESCRIPTION
SEDIMERT CORE 6
0.0 - 0.2 ML Black silt (very soft, wet)
Heavy hydrocarbon staining and heavy sheen
0.2 - 2.1 ML Gray silt with a trace of sand (soft, wet)
Slight to moderate petroleum staining and moderate sheen
2,1 - 3.5 ML Black silt with sand (very soft, wet)
Heavy hydrocarbon staining, heavy sheen
Coal tar
3.5 - 3.7 ML Gray silt with clay (soft, wet)
3.7 -~ 3.8 ML Brown silt with a trace of organic material (very soft, wet)
3.8 - 4.2 ML Gray silt (soft, wet)
4.2 - 4.6 ML Brown silt with a trace of organic material (soft, wet)
4.6 - 4.8 ML Gray silt with a trace of organic material (soft, wet)
4.8- 5.0 ML Brown silt with a trace of organic material (soft, wet)
Sediment core completed at 5.0 feet om 01/30/81
SEDIMENT CORE 7
0.0 - 2.6 ML Black silt (very soft, wet
Heavy petroleum staining and heavy sheen
Coal tar
2.6 - 3.0 ML Brown silt (soft, wet)
3.0 - 4.1 sM Gray silty fine sand (loose, wet)
4.1 - 4.5 ML/CL Gray to brown laminated silt with clay layers (soft, wet)
Slight hydrocarbon staining
4.5 - 4.8 Sp Gray fine sand (loose, wet)
4.8 - 5.0 ML Brown silt with a trace of organic material (soft, wet)

Sediment core completed at 5.0 feet on 01/30/91

TEE DEPTHS ON TEE SEDIMENT CORE LOGS, ALTHOUGH SEOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF MEASUREMENTS ACROSS
THE SEDIMENT CORE AND SHOULD BE CONSIDERED ACCURATE TO 0.5 FOOT.

LOG OF SEDIMENT CORE

Geo &2 Engineers
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LOG OF SEDIMENT CORE

DEPTH BELOW SOIL GROUP
LAKE BOTTOM CLASSIFICATION 3
(FEET) SYMBOL DESCRIPTION
SEDIMENT CORE 8
0.0 - 1.7 ML Gray to brown silt with clay (liquid, wet)
1.7 - 2.2 ML Medium brown silt
2.2 - 2.8 ML €ray and brown layered silt with clay (very soft, wet)
2.8 - 3.1 ML Light gray silt with small brown stringers and a trace of organic
matter (very soft, wet)
3.1 - 4.8 ML Dark brown silt with a trace c->£ organic matter (very soft, wet)
Sediment core completed at 4.8 feet on 01/22/81
SEDIMENT CORE 9
0.0 - 0.5 ML Brownish black silt with organic material (soft, wet)
0.5 - 1.1 SP Grayish black silty fine to medium sand with occasional wood fragments
(loose, wet) .
1.1 - 1.4 ML Gray silt with a trace of clay (soft, wet)
1.4 - 1.9 CL/OH Brownish gray organic silt with occasional sand stringers (soft, wet)
1.8 - 2.5 ML Gray silt with rootlets (medium stiff, wt)

Sediment core completed at 2.5 feet on 01/21/81

- THE DEPTHS ON THE SEDIMENT CORE LOGS, ALTHOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF MEASUREMENTS ACROSS
THE SEDIMENT CORE AND SBOULD BE CONSIDERED ACCURATE TO 0.5 FOOT.

LOG OF SEDIMENT CORE
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ANALYTICAL TESTING RESULTS
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ATI # 9101-191

METALS ANALYSIS

CLIENT
PROJECT -#
PROJECT NAME
SAMPLLE MATRIX

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.
SEDIMENT

ELEMENT DATE PREPARED DATE ANAT.YZED
ARSENIC 02/04/91 02/08/91
BARIUM 02/04/91 02/12/91
CADMIUM 02/04/91 02/07/91
CHROMIUM 02/04/91 02/07/91
COPPER 02/04/91 02/07/91
LEAD 02/04/91 02/07/91
MERCURY 02/22/91 02/22/91
NICKEL 02/04/91 02/07/91
SELENIUM 02/04/91 02/08/91
SILVER 02/04/91 02/08/91
ZINC 02/04/91 02/07/91

Cc - 53
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ATI I.D.# 9101i-191

SEDIMENT

D S R S e S R D S S S > e @5 D s R oD 5 G S SO O T G I i e e S (S DD D S I (R SR S D G S S S S s S G P S G D e S S S T S G e S

9101-191-2

€33 /32

$101-1%1-3
8101-191-4
8101-191-5
9101-191-6
8101-1%1-7
2i01-191-8
9101-1%91-9
9101-191-10
9101-1%61-14
REAGENT BLANK

f o o o ¢« e o [}
w @
W N W W w

o

Qo e L NN O

WOWOU‘IEDU!GUIO

wum.z:».c:»ajawwww
oomcvz.nc:mw

3,100
2,000
<0.5

¢ ~ 54

R

@ -] L3

°

L L

L

A wd D b D O ]
@
da e D wJ e O 00 B &

(S



)! !\ AnalyticolTechnologies,inc.
25
ATI I.D.# 9101-191

METALS RESULTS

CLIENT : GEOENGINEERS, INC. MATRIX : SEDIMENT
PROJECT # : 1299-003-B04

PROJECT NAME : UNIMAR, INC. UNITS : mg/Kg
ATI I.D. # CLIENT I.D. CHROMIUM COPPER LEAD
9101-191-2 2B 0-0.3 110 3,800 2,100
9101-191-3 2D 1.5-2.0" - 3,400 2,600
9101-191-4 2E 2.0-2.5 - 4,600 2,700
9101-191-5 2F 2.5-3.0 - 5,300 2,800
9101-191-6 2G 3.0-3.57 - 2,200 2,300
9101-191-7 2H 3.5-4.0" - 560 570
9101-191-8 21 4.0-4.57 - 46 95
9101-191-9 2J 4.5-4.8 - 40 <25
9101-191-10 1A 0-0.3’ 52 5,900 2,900
9101-191-14 2C 0.3-1.57 230 2,300 1,600
REAGENT BLANK - <2 <2 <10

C ~- 55
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CLIENT
PROJECT #
PROJECT NAME

90 HE ©8

GEOENGINEERS,
129%-003-B04
UNIMAR, INC.

26

METALS RESULTS

INC.

MATRI

UNITS

¥X : SEDIMENT

s mg/Kg

= s R T S T S T D O S I D G D G I D S W N I S 5 D O D G G G S S W G AU S ) ) O T T i o S e T s S G A D S S D S S5 S N0 S

o e e e e R D G R e G I @ e G e S G P ST T T S i G G D G G G e S e S T S G D S D S G @ S 5 SR D I D @ e S G ey S G G T S O S 65

2101-191-2
9101-191-10
9101-191-14

REAGENT BLANK

2B 0-0.3’
1A 0-0.37
2C 0.3-1.57

<3

<3
<3
<3.5
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SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT ¢ GEOENGINEERS, INC.
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC.
CLIENT I.D. : 2B 0-0.3/
SAMPLE MATRIX : SEDIMENT
EPA METHOD : 8270

O

RESULTS BASED ON DRY WEIGHT

S S e TR D L S i i S e S s . o s S 2 o S S > o S _—— . o T T T . — — — ————— —— — . T o o o 2 S . T

UNDECANE, 3,6-DIMETHYL
DODECANE, 2,7,10-TRIMETHYL
SUBSTITUTED PHENOL
HYDROCARBON

CYCLIC HYDROCARBON

c -39

ATI I.D. # 9101-191-2
DATE SAMPLED : 01/24/91
DATE RECEIVED : 01/25/91
DATE EXTRACTED : 01/30/91
DATE ANALYZED : 02/08/91
UNITS : mg/Kg
DILUTION FACTOR : 5

ESTIMATED
CONCENTRATION
6.2

18

12

10

15
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ATI I.D. # 9101-191-10

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY

CLIENT : GEQCENGINEERS, INC. DATE SAMPLED : 01724791
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/25/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/51
CLIENT I.D. 2 1A 0-0.3° DATE ANALYZED : 02/08/51
SAMPLLE MATRIX : SEDIMENT UNITS ¢ mg/Kag
EPA METHOD : 8270 DILUTION FACTOR : 5
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
N=-NITROSODIMETHYLAMINE <1.8

PHENOL <1.8

ANILINE <1.8

BIS(2—-CHLOROETHYL) ETHER <1.8

2—CHLORCPHENOCL <1.8
1.3-DICHLOROCBENZENE <1.8
1,4-DICHLOROBENZENE <1.8

BENZYL AIL.COHOL <i.8
1,2-DICHLOROBENZENE <1.8

2-METHYLPHENOL <1i.8
BIS(2-CHILORCISOPROPYL) ETHER <i.8

4-METHYLPHENOL <1.8
N=-NITROSC-DI-N-PRCPYLAMINE <1i.8

HEXACHLORCETHANE <1.8

NITROBENZENE <1.8

ISOPHORONE <1.8

2=-NITROPHENOL <1.8

2,4-DIMETHYLPHENOL <1.8

BENZOIC ACID <8.%
BIS(2-CHLORCETHOXY)METHANE <1.8

2,4-DICHLOROPHENOL <1.8
1,2,4-TRICHLOROBENZENE <1.8

NAPHTHALENE 1.3 J
4-CHLORCANILINE <1.8
HEXACHILOROBUTADIENE <i.8
4-CHLORC=-3-METHYLPHENOL <1.8
2-METHYILNAPHTHALENE <1.8
HEXACHLOROCYCLOPENTADIENE <1.8

2,4 ,6-TRICHLOROPHENOL <1.8
2,4,5-TRICHLOROPHENOL <8.9
2=CHLORONAPHTHALENE <1.8

2=-NITROANILINE <8.9

DIMETHYLPHTHALATE <1.8

ACENAPHTHYLENE <1.8

3=NITROANILINE <8.9

ACENAPHTHENE 2.1
2,4=-DINITRCPHENOL <8.9

4-NITROPHENOL <8.9

J = Estimated value.

CONTINUED NEXT PAGE
C - 40
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ATI I.D. # 9101-191-10

SEMI-VOLATILE ORGANICS ANALYSIS
DATA SUMMARY (CONTINUED)

CLIENT ¢ GEOENGINEERS, INC. DATE SAMPLED : 01/24/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/25/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : 1A 0-0.3/ DATE ANALYZED : 02/08/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8270 DILUTION FACTOR : 5

O

RESULTS BASED ON DRY WEIGHT

——— D G ——— s ——— ————— —— — — D D S D S S - ——_—— " ——— — — — — — ———— ————— - —> S ——

COMPOUND RESULT
DIBENZOFURAN 1.0 J
2,4-DINITROTOLUENE <1.8

2, 6-DINITROTOLUENE <1.8
DIETHYLPHTHALATE <1.8
4-CHLOROPHENYL~-PHENYLETHER <1.8
FLUORENE 2.1
4-NITROANILINE <8.9
4,6-DINITRO-2-METHYLPHENOL <8.9
N-NITROSODIPHENYLAMINE <1.8
4-BROMOPHENYL-PHENYLETHER <1.8
HEXACHLOROBENZENE <1.8
PENTACHLOROPHENOL <8.9
PHENANTHRENE 10
ANTHRACENE 2.8
DI-N-BUTYLPHTHALATE <1.8
FLUORANTHENE 11
BENZIDINE <18
PYRENE 11
BUTYLBENZYLPHTHALATE <1.8
3,3-DICHLOROBENZIDINE <3.5
BENZO (a) ANTHRACENE 4.4
BIS(2-ETHYLHEXYL) PHTHALATE 5.9
CHRYSENE 5.5
DI-N-OCTYLPHTHALATE <1.8
BENZO (b) FLUORANTHENE 6.5
BENZO (k) FLUORANTHENE 1.8
BENZO (a) PYRENE 5.4
INDENO(1,2,3-cd) PYRENE 2.8
DIBENZ (a,h) ANTHRACENE <1.8
BENZO(g,h, i) PERYLENE 3.4

SURROGATE PERCENT RECOVERIES

NITROBENZENE-4d5 79
2-FLUOROBIPHENYL 116 *
TERPHENYL~d14 113
PHENOL-d6 101
2-FLUOROPHENOL 69
2,4 ,6~-TRIBROMOPHENOL 94

* Out of limits.

J = Estimated value.
C - 41
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ATI I.D. # ©9101-191-10

SEMI-VOLATILE ORGANICS ANALYSIS
TENTATIVELY IDENTIFIED COMPOUNDS

CLIENT

PROJECT # 1299-003-B04

PROJECT NAME ; UNTMAR, INC.
CLIENT I.D. : 1A 0-0.3°
SAMPLE MATRIX : SEDIMENT
EPA METHOD : 8270
RESULTS BASED ON DRY WEIGHT

GEOENGINEERS, INC.

o . < G > G T D D CER G AR K> D T D T S G D D D A G S G D e N S D G G TP TED S (. i e GRS NS W OIS @I G X G G5 S S5 SED m G T s S e emn Wk G o s o fom G S

DATE SAMPLED : 01/24/%1
DATE RECEIVED : 01/25/91
DATE EXTRACTED : 01/73¢/91
DATE ANALYZED s 02/08/91
UNITS s mg/Kg
DILUTION FACTOR : 5
ESTIMATED
CONCENTRATION

UNDECANE, 3,5-DIMETHYL-
DODECANE, 2,7,10-TRIMETHYL-
SUBSTITUTED PHENQOL

CYCLIC HYDROCARBON
HYDROCARBON

C — 42
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ATI I.D. # 9101-191

SEMI-VOLATILE ORGANIC
QUALITY CONTROL DATA

CLIENT ¢ GEOENGINEERS, INC. SAMPLE I.D. : BLANK SPIKE
PROJECT # : 1299-003-B04 DATE EXTRACTED : 01/30/91
PROJECT NAME : UNIMAR, INC. DATE ANALYZED : 02/08/91
EPA METHOD : 8270 MATRIX ¢ SOIL
UNITS : mg/Kg
DUP DUP
SAMPLE SPIKE SPIKED % SPIKED %
COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
1,2,4-TRICHLOROBENZENE <0.17 3.33 2.39 72 2.86 86 18
— ACENAPHTHENE <0.17 3.33 2.19 66 2.42 73 10
2,4-DINITROTOLUENE <0.17 3.33 2.46 74 2.56 77 4
PYRENE <0.17 3.33 2.34 70 2.62 78 11
N-NITROSO-DI-N-PROPYLAMINE <0.17 3.33 2.26 68 2.68 81 17
1,4-DICHLOROBENZENE <0.17 3.33 2.23 67 2.65 79 17
PENTACHLOROPHENOL <0.85 13.3 11.6 87 11.3 85 3
PHENOL <0.17 6.67 3.98 60 4.79 72 18
2-CHIL.OROPHENOL <0.17 6.67 4.03 60 4.90 73 19
4~-CHLORO-3-METHYLPHENOL <0.17 6.67 4.44 67 4.99 75 12
4-NITROPHENOL <0.85 13.3 11.5 86 11.6 87 1

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result

Average of Spiked Sample

C - 43
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ATI I.D. # 9101-121

POLYCHLORINATED BIPHENYLS (PCB} ANALYSIS
DATA SUMMARY

CLIENT s GEQENGINEERS, INC. DATE SAMPLED : N/a
PROJECT # : 1299-003-B04 DATE RECEIVED : N/A
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : ¢1/30/°21
CLIENT I.D. ¢ REAGENT BLANK DATE ANALYZED : 02/04/31
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

PCB 1016 <0.033

PCB 1221 <0.033

PCB 1232 <0.033

PCB 1242 <0.033

PCB 1248 <0.033

PCB 1254 <0.033

PCB 1260 <0.033
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ATI I.D. # 9101-191-2

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT ¢ GEOENGINEERS, INC. DATE SAMPLED : 01/24/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/25/91
PROJECT NAME : UNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : 2B 0-0.3/ ' DATE ANALYZED : 02/04/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD : 8080 (PCB) DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT ’

COMPOUND RESULT

PCB 1016 <0.033

PCB 1221 <0.033

PCB 1232 <0.033

PCB 1242 <0.033

PCB 1248 <0.033

PCB 1254 <0.033

PCB 1260 <0.033

C - 45
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ATI I.D. # 9101-191-10

POLYCHLORINATED BIPHENYLS (PCB) ANALYSIS
DATA SUMMARY

CLIENT : GEQENGINEERS, INC. DATE SAMPLED 2 01/24/91
PROJECT # : 1299-003-B04 DATE RECEIVED : 01/25/91
PROJECT NAME : TUNIMAR, INC. DATE EXTRACTED : 01/30/91
CLIENT I.D. : 1A 0-0.3°¢ DATE ANALYZED : 02/04/91
SAMPLE MATRIX : SEDIMENT UNITS : mg/Kg
EPA METHOD s 8080 (PCB) DILUTICN FACTOR : 1
RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT

PCB 1016 <0.033

BPCB 1221 <0.033

PCB 1232 <0.033

PCB 1242 <0.033

PCB 1248 <0.033

PCB 1254 <0.033

PCB 1260 0.43 *

% Tentative identification. PCB-1like pattern is present, but

gualitative identification was difficult due to discrepancies in the
profile.
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ATI I.D. # 9101-191

POLYCHLORINATED BIPHENYLS (PCB)
QUALITY CONTROL

CLIENT ¢ GEOENGINEERS, INC. SAMPLE ID : BLANK SPIKE
PROJECT # 2 1299-003-B04 DATE EXTRACTED : 01/30/91
PROJECT NAME : UNIMAR, INC. DATE ANALYZED : 02/04/91
EPA METHOD : 8080 (PCB) MATRIX : SOIL
UNITS : mg/Kg
DUP DUP
SAMPLE CONC SPIKED % SPIKED %
COMPOUND RESULT SPIKED SAMPLE REC SAMPLE RECOVERY RPD
PCB 1260 <0.033 0.33 0.345 104 0.351 106 2

% Recovery = (Spike Sample result - Sample Result)
Spike Concentration

RPD (Relativé % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result

Average of Spiked Sample

c - 47



é&AﬂG§y?§€G§?€€hﬂ@§0g§eS,5s":C
- ig
ATY I.D. # 9101-191

GAS CHROMATOGRAPHY RESULTS =

CLIENT : GEOENGINEERS, INC. MATRIX : WATER
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC. UNITS : ng/L

o = T T S S P S S S TS S S P S S S T SR G S S S R R TR S S T R S S S R 5 S S G SR G5 G IR G SR S S S o T S e S S e SR S S S S e

SAMPLE 2A @ 397 2C

PARBRMETER -1 =13
MONOBUTYLTIN 6 27
DIBUTYLTIN 4 40
TRIBUTYLTIN 5 22
TETRABUTYLTIN 4 <1

* Analyzed by GC/FPD, Method Battelle N05196300.
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ATI I.D. # 9101-191

GAS CHROMATOGRAPHY RESULTS *

CLIENT ¢ GEOENGINEERS, INC. MATRIX : SEDIMENT
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC. UNITS : ug/Kg

PARAMETER ~-14
MONOBUTYLTIN 8

DIBUTYLTIN 5

TRIBUTYLTIN 190
TETRABUTYLTIN <1

* Analyzed by GC/FPC, Method Battelle N05196300.

C - 49
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CLIENT
PROJECT #

PROJECT NI

89 69 ©® @

METALS ANALYSIS

20

GEOENGINEERS, INC.

1299-003-B04
UNIMAR, INC.

WATER

ATI # 9101-191

T > T T D > > D D Gy e D T T S CED @D GUD Om0 ) XD AU €O ©0 T S D G e G S T D R G S > e S s i S S5 S S s e G D D T D T S D IR D D A A o M e e

s s e s S D S D T D P D D T D G D D D D G G W I I D D D GRS e G e e (e D R 30 S D G £ S D RS (D D € S i e s S S D S T D D T S e s G D T S

ARSENIC

BARIUM

CADMIUM

CHROMIUM

COPPER

LEAD

MERCURY

NICKEL

SELENIUM

SILVER

ZINC

01/29/91
01/29/91
01/29/91
01/29/91
02/01/91
01/29/91
01/29/91
01/29/91
01/29/91
01/29/91

01/29/91

02/08/91
02/07/91
02/12/91
02/08/91
02/01/91
02/12/91
01/29/91
02/07/91
02/08/91
02/08/91

02/07/91
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CLIENT
PROJECT #
PROJECT NAME

METALS RESULTS

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.

21

ATI I.D. # 9101-191

REAGENT
BLANK

ARSENIC

BARIUM

CADMIUM

CHROMIUM

COPPER

LEAD

MERCURY

NICKEL

SELENIUM

SILVER

ZINC

<0.005

<0.06

<0.0003

<0.02

<0.02

<0.005

<0.0005

<0.03

<0.005

<0.02

<0.01

<0.0003

<0.02

<0.02

<0.005

<0.002%*

<0.03

<0.005

<0.02

<0.01

<0.005

<0.06

<0.0003

<0.02

<0.02

<0.005

<0.0005

<0.03

<0.005

<0.02

<0.01

* Increased detection limit due to limited sample.

C - 51
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CLIENT
PROJECT #

PROJECT NAME

GEOENGINEERS, INC.

METALS QUALITY CONTROL

: 12%5-003-B04
: UNIMAR, INC.

22

ATI I.D. # 9101-191

> 2 e e o e 20 G e B O (R D D D D T P D D D CED A G D XD AP M I S D SRR G D D D R (D R SR D G T R S SRR G S G SRR D D o e e S S e G D S e e e e D > S

SAMPLE
RESULT

s s o e o A > e o G G S D D GRS €0 > I XD XD G I €I EED X D D CER EED EE> I OID SSp et GO G20 S5 (> K5 OO CHR SXR END D I IR D SRR D G T SIE A om T D e e D e e e e e e

ARSENIC

ARSENIC

BARTIUM

CADMIUM

CHROMIUM

COPPER

LEAD

LEAD

MERCURY

9101-167~-15

BLANK SPIKE

9101-167-15

91061-174-2

9101-191-13

9101~-174-2

9101-184-3

BLANK SPIKE

9101-202-2

BLANK SPIKE

2101-167~-15

93101-1%1-13

9101-167-15

* Qut of limits due to

*#% Due to the necessary

attainable.

<0.02

DUP
RESULT RPD
0.036 15
N/A N/A
0.18 12
0.0009 29
<0.02 0
0.59 10
0.112 1
N/A N/A

<0.0005 O

N/A N/A
<0.03 0
<0.005 0
<0.02 0
<0.01 0

matrix interference.

dilution

of the sample,

MATRIX :

UNITS
SPIKED SPIKE
SAMPLE CONC
0.052 0.025
0.024 6.025
i6.8 20.90
0.0019 0.0010
1.98 2.50
3.64 2.50
E k%
0.033 0.025
6.0030 0.0020
0.0029 0.0020
2.48 2.50
6.018 0.025
0.94 1.00
0.49 G.50

result was not

% Recovery = (Spike Sample Result - Sample Result)

RPD (Relative % Difference) =

Spike Concentration

100

(Sample Result - Duplicate Result

83

70

79

k%

132

150

145
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ATI I.D. # 9104-199

MAY 15 1591
May 14, 1991 N v = I
............. RS L R 5 T

GeoEngineers, Inc.
8410 154th Avenue N.E.
Redmond, WA 98052

Attention : Paul Werner
Project Number : 1299-003-B04
Project Name : Unimar, Inc.

On April 15, 1991, Analytical Technologies, 1Inc., received 11
sediment samples for analysis. The samples were analyzed with EPA
methodology or equivalent methods as specified in the attached
analytical schedule. The results, sample cross reference, and
quality control data are enclosed.

The following ATI accession numbers 9101-148, 9101-167, 9101-191,
9101-203, 9104-216, and 9101-238 were reaccessioned for additional
tests on April 15, 1991. Please note that per client request
mercury was leached past the 28 day holding time.

Ve M Moo g WM

Donna M. McKinney Frederick W. Grothkopp
Senior Project Manager Technical Manager
FWG/tc

C - 258
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1.0 INTRODUCTION

Tributyltin (VTBT) is an organometallic compound used as a biocide in the
treatment of wood preoducts, as 3

e disinfectant, and as an active agent in
antifoulant boat paints. Since the registration of TBT-contaiming
antifoulant paints in the 1960s, some 300 TBT antifouling formulations have
been introduced in the marketplace, with an estimated usage of 300,000 1b/yr
in the United States (Champ and Pugh, 1987). Currently, there are 20
different TBT compounds registered as pesticidal active ingredients. - Nine
of these 20 TBT-containing compounds are registered for use im antifoulant
paints. Table 1 presents these nine compounds and their respective Chemical

Abstract Services (CAS) registration numbers.

The release of TBT from such paints (slow diffusion from the paint or
sloughing of material from the paint surface) results in introduction of TBT
into the various aquatic environmental compartments. Tributyltin released
into the aqueous environment undergoes degradation to dibutyltin (DBT),
monobutyltin (MBT) and finally, inorganic tin via successive debutylation
(Thain et al., 1987a; Thain et al., 1987b: Blunden and Champman, 1982).

In 1986, concern for the fate and environmental effect of TBT in water
prompted the U.S. Environmental Protection Agency (EPA) to initiate a Special
Review of TBT-containing antifoulant paints. Subsequently, in 1987, EPA
issued a Notice of Preliminary Determination to cancel or modify certain
registrations of TBT products used as antifoulant paints. The EPA, under

=

uthority granted by the Federal Insecticide, Fungicide, and Rodenticide Act
IFRA) also issued a Data Call Im, requesting product use data, TBT release
rate data, worker exposure data, ecological effects data, validated

analytical methods, and environmental fate data.

Page 13 of 130



Battelle Project Number N-0519-6100
1.1 SCOPE OF WORK

In response to the Data Call In, this report describes the validation of a
multiresidue analytical method for the detection, measurement, and
confirmation of trace levels (ug/kg) of butyltin species in estuarine and
freshwater sediments. The method has been validated for the compound TBT
and its degradation products DBT and MBT, as well as tetrabutyltin (TTBT: a
TBT manufacturing impurity that can degrade to TBT, DBT, and MBT in the
environment). The method described in this report provides detection at the
sub-microgram per kilogram level (wet weight), and has been tested and

“validated to concentrations of 500 ug/kg.

This study was conducted to meet requirements as specified in the Pesticide
Assessment Guidelines, Subdivision D, Product Chemistry (EPA, 1982) and 40
CFR Part 160, EPA FIFRA Good Laboratory Practices dated 1983, and revisions
dated 1987. The protocol was reviewed by the Quality Assurance Unit on May
12, 1988. The study was initiated May 17, 1988. The laboratory work was
completed February 9, 1989. The study was completed February 28, 1989.

1.2 TEST SUBSTANCE IDENTIFICATION

Butyltin chloride compounds were chosen for the preparation of TBT, DBT, and
MBT fortification and chromatography standards because of their ready
commercial availability, chemical stability, and water solubility.
Commercially available TTBT was used in the preparation of TTBT standards.

Substance CAS Number Abbreviation
Tributyltin chloride 1461-22-9 : TBT
Dibutyltin dichloride 683-18-1 DBT
Monobutyltin trichloride 1118-46-3 MBT
Tetrabutyltin 1461-25-2 TTBT
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The manufacturer, catalog number, and chemical purity of each test substance
are presented in Section 2.1. The manufacturing source, lot numbers, and
manufacturer’s statement of chemical purity of the test substances are on

file in the study records

- wWwes W T W D

1.3 PRINCIPLES

Butyltin compounds are organometallic compounds in which the butyl groups

are covalently bonded to the tin atom. Tetrabutyltim is a nompelar,

nonionic compound. However in aqueous solutiom, tributyltin, dibutylitin, and
monobutyitin are monovalent, divalent, and trivalent cations, respectively.
Analysis of these compounds in sediments at environmentally significant
levels by gas chromatography requires that two objectives be achieved:

(1) the compounds be extracted from the sediment matrix and concentrated, and
(2) the cationic compounds be derivatized in order to produce nonionic
compounds that are amenable to gas chromatography. To accomplish these
objectives, the method presented in this report relies on forming bromide
complexes of the cationic butyltins through reaction with HBr, followed by
solvent extraction of the liberated butylitin compounds. Sediment samples are
mixed in a watersHBr slurry prior to organic solvent extraction in order to
form the less polar bromide comp?éxesg The butylitins are them solvent
extracted from the sediment slurry with toluene and the chelating agent
tropolone. Following extraction, commercially available n-pentylimagnesium
bromide is used to convert the butyltins to nompolar m-pentyl derivatives.
The extract is cleaned up through a Florisil/silica liquid chromatography
column, and the butylitins are guantified by gas chromatography with flame
photometric detection (GC/FPD}. The presence of butyltins in sediment
samples can optionally be confirmed by gas chromatography with mass
spectrometry (GC/MS) operated in selected jon monitoring mode (SIM).

%
]
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1.3.1 Method Description

A sediment sample is centrifuged at 2500 rpm for 10 min to remove overlying
water. One hundred grams of this sediment is weighed to the nearest 0.1 g,
and transferred to a Teflon jar. The recovery internal standard (RIS)
tripropyltin chloride (TPT) is added. Next, 25 mL of distilled water and 5
mL of 48 percent HBr are added to the sediment, and the mixture is agitated
on a shaker table for 1 h. This mixture is extracted twice with 60 mL of
0.05 percent tropolone in toluene for 1 hour per cycle. Between cycles, the
organic layer is separated from the sediment and water mixture by
centrifugation at 2500 rpm for 5 min. The toluene extracts are combined,

and dried over ca. 40 g of sodium sulfate. The toluene is concentrated to
ca. 10 mL by rotary evaporation at 60-70°C, and the toluene exchanged for
hexane by successive hexane additions and rotary evaporation. The labile
butyltins (including the RIS TPT) are converted to the corresponding n-pentyl
derivatives by adding a minimum of 5 mL 1.9 M n-pentylmagnesium bromide to
the hexane solution. The reaction is allowed to proceed for 15 min at room
temperature, and then is quenched by adding 25 mL distilled water, followed
by 10-20 mL 10 N H2S04. The hexane fraction is separated from the aqueous
layer, reduced in concentration to ca. 4 mL by nitrogen gas evaporation, and
subjected to combined Florisil/silica gel column cleanup. The cleanup column
consists of 16 g of Florisil, topped with 7 g 1 percent deactivated silica
gel, topped by 2 g of sodium sulfate. The column, prewet with hexane, is
charged with the sample and eluted with 100 mL hexane. The eluate is
collected in a 250-mL Kuderna-Danish apparatus, and concentrated to ca. 10 mL
in a 100°C water bath. A final volume of approximately 500 uL is achieved by
nitrogen gas evaporation. The previously derivatized quantitation internal
standard dipropyltin (DPT) is added, and the sample transferred to a 2-mL
vial and submitted for GC/FPD and/or GC/MS confirmatory analysis.

Optional procedures for gel permeation chromatography (GPC) cleanup and
activated copper sulfur cleanup are presented for the treatment of
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especially contaminated samples not adequately processed by the standard
method.

Chemical standards are prepared using commercially available tetracrganctin
and organotin chlioride compounds. Individual butyltin stock solutions are
prepared gravimetrically in hexane. A mixed mono-, di-, tri-, and
tetrabutyltin solution is then prepared volumetrically from the stock
solutions in hexane. The internal standards tripropylitin chloride (TPT) and
dipropyltin dichloride (DPT) are prepared gravimetrically in hexane in
separate vessels. The resulting solutions are derivatized according to the
above procedures, and the appropriate dilutions of the derivatized butyltins
are prepared for use as quantitative gas chromatography standards. Meinema
et al. (1978) have demonstrated that the techniques described in this method
produce rapid and quantitative alkylation of butyltin compounds, with

conversion efficiency greater than 99 percent.

Quantitative analysis is accomplished by gas chromatography, with flame
photometric detection. Detection of the butyitins by the highly selective
GC/FPD technique is carried out using a 610-nm bandpass optical filter. This
filter allows characteristic emissions from tin to be detected, while
eliminating extraneous, interfering emissions. For a further, more detailed
description of GC/FPD detection for organotin compounds, the work presented
by Kapliia and Vogt (1980} is recommended.

Confirmation of butyltin compounds in selected samples may be carried out by
GC/MS using selective ion monitoring (SIM) techniques. Selected ion
monitoring allows for the semnsing of only certain mass fragments during mass
spectrometry detection of gas chromatographic effiuents. The benefits of
this technique are twofold: increased semsitivity over full mass scan
methods because the mass spectrometer is scanning only mass fragments of
relative to full mass scan techniques,
because many extraneous g%nterferiﬁg) compounds are “transparent” to the SIM

: 3 T W
interest, and increased specificity
r 4
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technique. Selection of the mass fragments used for butyltin confirmatory
analysis are discussed in Section 2.4.2.

Quantitative determination of butyltins is carried out using GC/FPD and the
method of internal standards. Response factors for -each butyltin analyte are
determined relative to the quantitation internal standard DPT (or, as an
alternati've, TPT) from three-level calibration curves. Conventional response
factor calculations are described in Section 2.4.3.

When utilizing the GC/FPD determinative step, the method detection limits
(MOL), defined by EPA (Federal Register, 1984) as the minimum concentration
of a substance that can be measured and reported with 99 percent confidence
that the analyte is greater than zero, are MBT (0.288 ug/kg); DBT (0.570
ug/kg); TBT (0.251 ug/kg); TTBT (0.125 ug/kg). The MDLs are expressed on a
wet weight basis. Levels as low as 50 ng/kg per component are detectable by
GC/FPD, but cannot be reliably quantified because they are below the MDL.
The MDL is discussed fully in Section 3.4.

1.3.2 Method Validation Strateqy

This report describes the testing and performance of the analytical method
under conditions expected to be encountered in actual environmental

settings. The method was tested using a number of different sediments and at
different analyte concentrations. The overall strategy was as follows:

1. Design a rapid, straightforward method capable of concomitantly
extracting butyltin analytes of substantially different polarity from

sediments. '

2. Assess the precision and accuracy of the method through fortification and
recovery experiments with different sediments at various spike levels.

3. Define the method detection 1imit (MDL), following EPA guidelines.
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4. Evaluate possible matrix interferences and their effects on method
performance. Candidate interferants include natural organic matter,
sulfur, and crude oil.

5. Evaluate the effect of storage of sediments and sediment extracts on
butyltin stability.

6. Using the refined method, analyze several contaminated sediments from
different geographical locations in the United States.

Table 2 is a summary of the tests performed for method validation. Phase 1
experiments were conducted to evaluate the effects of naturally extracted
organic matter, crude oil, and elemental sulfur on method performance,
especially GC/FPD analysis. The results of these experiments are discussed
in Section 3.7.

Actual method performance (in terms of recovery and reproducibiiity of the
method) was evaluated in Phase 2 experiments. Two estuarine sediments and
two freshwater sediments of significantly different composition {e.g., grain
size, total organic carbon content) were utilized for spiking and recovery
experiments. Initially, the ambient levels of butyitins in the test
sediments were determined. Next, the test sediments were fortified at

levels of approximately 5-10 times and 50-100 times greater than the measured
ambient levels. Recovery and reproducibility of recovery were determined
from 4 replicate measurements at each level. The results of these
experiments are described in Sections 3.1 to 3.3. The method detection limit
(MDL) was determined by fortifying an estuarine sediment containing very low
ambient butyitin residues with TBT, DBT, MBT, and TTBT at levels near the 10-
to-1 FPD signal-to-noise ratio, and performing eight replicate analyses. The
MDL was then calculated based on the variance im the replicate measurements,
as prescribed by EPA (Federal Register, 1984). Detailed discussions and the
results of the MDL experiments are presented in Section 3.4.
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Phase 3 of this study involved employing the refined analytical method for
screening selected U.S. coastal sediments for butyltin contamination.
Selected estuarine sediments with likely butyltin residues were collected and
analyzed by the analytical method, and by the method of standard additions,
in order to evaluate matrix effects bias. Sediments from Hampton Roads,
Virginia, Galveston Bay, Texas, and Puget Sound, Washington were used in this
phase of the study. Results are presented in Section 3.5.

The stability of the target butyltin analytes during storage was evaluated
during Phase 4 of this study. An estuarine sediment with ambient levels of
all four butyltin analytes was stored as bulk sediment at -20°C.
Additionally, the aliquots of the same sediment were extracted and
derivatized, and the extracts stored at -20°C. Both the bulk sediment and
the sediment extracts were analyzed on a weekly basis for 4 weeks, and the
relative stability of each butyltin was monitored as a function of time. The
results of these studies are presented in Section 3.6.

2.0 MATERIALS AND METHODS

The application of this method for analysis of sediment samples requires
routine laboratory glassware and apparatus. Teflon jars used in the
extraction step are commercially available. The following sections describe
the equipment, supplies and procedures to be used.

2.1 EQUIPMENT

The following equipment and chemicals are required to perform the analytical
method.

Labware/Hardware

500-mL Teflon jars with screw caps
100-mL volumetric flask
20-mL volumetric flasks
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25-mi. volumetric flasks

Assorted pipets, microsyringes, and disposable micropipets

25-ml. pear-shaped flasks

10-ml. graduated cylinder

100-ml. graduated cylinder

500-mL Erlenmeyer flask

Pyrex funnels

500-mi. round-bottom flask

40-mL vial with Teflon-lined cap

250-ml. separatory funnel

13 mn i.d. x 100 mm glass liquid chromatography column

22 mm i.d. x 300 mm glass liquid chromatography column

250-mL Kuderna-Danish concentrator with 3-ball Snyder column

4-mL glass vial with Teflon-lined cap

250-ul conical vial with crimp cap (for GC autosampler)

Shaker table

Centrifuge

Rotary evaporator with hot water bath and water aspirator vacuum system
Hot water bath for Kuderna-Danish concentration

Inert gas (nitrogen recommended) evaporation/concentration system

Chemicals

Reagent water (Miili-Q or equivalent)

Hexane (pesticide grade or equivalent)

Toluene (pesticide grade or equivalent)

Tropolone (Alfa Products Inc., #16526)

Azulene

Perylene

6:4:3 Cyclohexane:methanol:methylene chloride

Sand, fired

Sodium sulfate, anhydrous and fired

Sulfuric acid, 10 N (ACS reagent grade or better) .

Hydrobromic acid, 48% {ACS reagent grade or better)

Florisil, PR-grade or equivalent activated at 130°C for a minimum of 5 h.
Silica Gel, 1% deactivated. 60/80 mesh.

Tetrabutyltin, 95% (Alfa Products, Inc., #71132)

Tributyltin chioride, 95% (Alfa Products, Imc., #71128)
Dibutyltin dichloride, 99.1% (Alfa Products, Inc., #71127)
Butyltin trichloride 99.8% (Alfa Products, Inc., #71125)
Tripropyltin chloride 97% (Alfa Products, Inc., #71122)
Dipropyitin dichloride, (Organometallics, Inc. no catalog number)
1.9 M n-pentyimagnesium bromide in diethylether {Alfa Products, Inc., #87296)
0.05% (w/w) tropolone in toluene

PFTBA (mass spectrometer calibration compound)
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Preparation of 0.05 Percent (w/w) Tropolone in Toluene: To 3 L of toluene,

add 1.3 g Tropolone. Stir with a Teflon-coated magnetic bar until
dissolved.
Gas Chromatography Equipment: For both GC/FPD and GC/MS analyses, a

temperature programmable capillary gas chromatograph with split/splitless
injection system, fitted with a 30-m 0.25 mm i.d. 5% methyl-/95%
phenylsilicone capillary column (J&W Inc. DB-5 or equivalent) is required.
Helium carrier gas, air, and hydrogen are required.

GC/FPD Detection/Analysis: A hydrogen-air flame photometric detector is
required. Hydrogen flow set at 75 mL/min, air flow set at 100 mL/min, and
helium make-up gas flow set at 40 mL/min. The detector base is set at 250°C.
For organotin analysis, the detector is equipped with a 610-nm bandpass
filter (Ealing Electroptics, Inc. #35-3847 or equivalent).

GC/FPD Data Acguisition/Reduction: GC/FPD data shculd be acquired with an
electronic integrator/plotter or GC data system capable of producing, at a
minimum, a graphical representation of the GC/FPD chromatogram, GC peak
retention times, peak areas, and peak heights. Data systems or integrators
capable of automated quantification significantly increase sample
throughput, and are highly recommended to reduce per sample costs.

Mass Spectrometry Detection/Analysis: Temperature programmable capillary gas

chromatograph with split/splitless injection system, fitted with a

30 m x 0.25 mm i.d. 5% methyl-/95% phenylsilicone capillary column (J&W Inc.
DB-5 or equivalent), interfaced to a qdadrupole mass spectrometer capable of
operation in selected ion monitoring mode. The GC/MS system should include

a data system for mass spectrometry and quantitative data reduction.
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2.2 PREPARATION OF STANDARDS

Stock and working standards for GC analysis are prepared according to the
following procedures.

2.2.1 Individual Butyltin Stock Solutioms

Individual solutions of monobutyltim trichloride, dibutylitin dichloride,
tributyltin chloride, tetrabutyltin, tripropyltin chloride, and dipropyltin
dichloride are prepared in hexane at the 5 mg/mL level according to the
following procedure: ’

1. Accurately weigh out 150-200 mg of each butylitin compound, and transfer
each to a separate 25-ml volumetric flask. Dilute to the mark with
hexane. Label each flask appropriately.

2. Butyltins are reported in terms of their potential cation weight.
Standard concentrations are not corrected for purity. To calculate
concentration of appropriate compound use the following equations:

[(mg MBT-C1) x 176]
mg/mlL monobutylitin = = mg/mL (1)
[(25 mL) x 282]

[(mg DBT-C1) x 233]

[{25 mL) x 304]

mg/mL dibutylitin = = mg/mb (2)

[{mg TBT-C1) x 290]
mg/ml tributyltin = - - - = mg/mb
1(25 mL) x 325]

oy
&ad
L

[mg TTBT]
mg/mL tetrabutyltin = = mg/mi. (4)
125 mi]
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/ : [(mg TPT-C1) x 248] . (5)
mL tri tin = = mg/m
norm ETIPTORYTEL [(25 uL) x 283]

: [(mg DPT-C1) x 205] /oL (6)
mg/mL dipropyltin = = mg/m
I [25 mL x 276]

2.2.2 Preparation of Derivatized, Mixed Organotin Stock Solutions

A 50 pg/mL stock solution containing monobutyltin, dibutyltin, tributyltin,
and tetrabutyltin is prepared in hexane. The labile compounds, MBT, DBT,

. TBT, are converted to the n-pentyl derivatives via a Grignard reaction prior

to volumetric adjustment.

1.

2.

To a 25-mL pear-shaped flask, add ca. 10 mL hexane. To this hexane, add
1.00 mL of each 5 mg/mL stock solution of MBT, DBT, and TBT. Add 5 mL n-
pentylmagnesium bromide, and allow to react a minimum of 15 min at room
temperature. Every 5 min, mix by hand for approximately 15 seconds.
After this 15 min period, add 25 mL distilled water and 10 mL 10 N H2S03.

In a 250-mL separatory funnel, separate the hexane fraction from the
water, and dry the hexane over 20 g Na2504.

Collect the hexane and pass through a 13 mm i.d. x 100 mm cleanup column
packed with 2 g of Florisil. Elute the column with 30 mL hexane.
Collect the eluate in a 100-mL volumetric flask. Add 1.00 mL 5 mg/mL
TIBT stock solution. Dilute the entire mixture to 100 mL with hexane.
Calculate the final concentrations (ca. 50 ug/mL), and label the flask
appropriately.

Prepare individual solutions of derivatized tripropyltin and dipropyltin
using the following procedure.

To a 25-mL pear-shaped flask, add 1.0 mL of the 5 mg/mL TPT (or DPT)
stock to approximately 10 mL hexane, and derivatize following the
procedure described above. Final volume is 100 mL, and the final
concentration is ca. 50 ug/mL. Calculate the final concentration, and
label the flask appropriately.
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2.2.3 Preparation of Derivatized, Mixed Butyitin GC Standards

Prepare GC standards for amalysis by making serial dilutions of the mixed,
derivatized MBT, DBT, TBT, and TTBT solution. To each standard level, add
the identical amount of derivatized TPT and DPT internal standards.
Concentrations of the standards should range from about 0.1 wg/mL to

50 ug/mL. This standard concentration range covers the 0.5 pg/kg to

250 pg/kg analyte range in environmental samples. The concentration of the
internal standard should be approximately 4 wg/mL in all standards, which
corresponds to approximately the 20 xg/kg level in environmental samples. If
higher concentrations are expected in environmental samples, the working
range of the standards should be extended to bracket the expected analyte
concentration.

2.2.4 Preparvation of Tripropyitin Chloride Recovery Intermal Standard

Tripropyitin is used as the recovery internal standard (RIS) for the
analysis of butyltins in sediments. TPT chloride is added prior to
extraction, derivatization and cleanup. A TPT chloride standard in acetone
at approximately the 2 ug/mL Tevel should be prepared by serial dilution of
the TPT chloride stock solution prepared in Section 2.2.1.

2.2.5 Preparation of Derivatized Dipropyitim Quantitation Internal Standard

Derivatized dipropyltin is used as the guantitation intermal standard (QIS)
for the analysis of butyitins in sediments. Derivatized DPT is added just
prior to GC/FPD analysis. A derivatized DPT standard in hexane should be
prepared at approximately the 10 pg/mi level by serial dilution of the
derivatized stock solution prepared in Section 2.2.2.
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2.2.6_ Preparation of Underivatized, Mixed Butyltin Fortification Standards

Fortification and recovery experiments in sediments may be carried out to
test the method. Fortification spiking solutions are prepared by combining
aliquots of monobutyltin trichloride, dibutyltin dichloride, tributyltin
chloride, and tetrabutyltin stock solutions (preparation described in Section
2.2.1), and diluting in acetone. The concentration of the individual
butyltins should be in the 1 ug/mL to 1000 wg/mL range, depending on the
fortification level of interest. Spiking of 100-g sediment samples should be
carried out with 0.1 to 1 mL of selected spiking solutions. Fortification
should be carried out by spiking sediment after the overlying water has been
removed, and mixing for 15-30 min prior to extraction.

2.3 ANALYTICAL PROCEDURES

Figure 1 presents a flowchart depicting the extraction, derivitization and
cleanup steps for the analysis of butyltin species in sediments. The
extraction, derivatization, and cleanup steps are presented in order below.

1. Remove extraneous material (biota, sticks, rocks, etc.) from sediment
sample. Drain overlying water. Composite sample by stirring.

2. Transfer 200-300 g sediment to a Teflon jar. Centrifuge at 2500 rpm for
10 min to remove interstitial water. Drain off water.

3. Transfer 100 g («0.1 g) of the sediment into a Teflon jar. Add the
appropriate amount of RIS TPT to the sediment. Mix thoroughly for 5 min
using shaker table.

4. Add 25 mL distilled water and 5 mL 48 percent hydrobromic acid. Mix on
shaker table for 1 h.

5. Add 60 mL 0.05 percent tropolone in toluene to the mixture. Agitate on
shaker table for 1 h.

6. Centrifuge sample at 2500 rpm for 5 min. Transfer liquid to a 500-mL
separatory funnel. Drain off lower aqueous layer, and return to Teflon
Jjar that contains the sediment. Transfer the organic layer to a 500-mL
Erlenmeyer flask.
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Repeat steps 5 and 6. Combine organic extracts from the two extractions.
Add ca. 40 g sodium sulfate to the toluene, and desiccate for 15-30 min.

Transfer the toluene, with rinsing, to a 500-mi roundbottom flask.
Rotarg evaporate the solvent to ca. 10 mL at a waterbath temperature of
60-70°C.

Exchange the toluene for hexane by adding ca. 20 mL hexane to the
toluene, and rotary evaporating to ca. 10 mL at a water bath temperature
of 60-70°C. Perform this step twice.

Add 5 mL of the derivatizing agent 1.9 M n-pentyimagnesium bromide
directly into the roundbottom flask. Agitate the samples by hand every
5 min, and allow to react a minimum of 15 min at room temperature. A
precipitate will form during the reaction.

Quench the reaction by adding ca. 25 mi distilied water followed by ca.
10 mL 10 N H2S04 and mix well until the precipitate that formed during
derivatization is dissolved. Transfer the mixture to a 250-mL separatory
funne;& Allow layers to separate. Drain off lower aqueous layer and
discard.

Transfer the hexane from the separatory funnel to a 40-mL vial, and
reduce in concentration to ca. 1-2 ml by nitrogen gas evaporation.

Prepare the Florisil/silica gel column. Put a pre-fired glass wool plug
in the bottom of a 22 mm i.d. x 300 mm chromatography column. Add 16 g
Florisil (activated a minimum of 5 h in a 130°C oven), tapping the
column while adding to facilitate a uniform pack. Add 7 g 1 percent
deactivated silica gel. Top the column with approximately 2 g sodium
sulfate. Prewet the column with a minimum amount of hexane. Add the
hexane extract. Elute with 100 mL hexane, and collect the eluate in a
250-mL Kuderna-Danish receiver.

Fit the Kuderna-Danish receiver with a 3-ball Snyder column, prewet the
balls with hexane, and reduce the velume to ca. 5 ml at a2 water bath
temperature of 100°C. Transfer the solution to a 20-mL vial, and reduce
to ca. 500 uL by successive nitrogen evaporations.

Add 100 ul of the appropriate concentration QIS DPT (previously
derivatized).

Transfer the final extract volume to a Z-mlL vial, and submit for GC/FPD
analysis.
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2.3.1 Optional 6PC Cleanup

If sediments contain large amounts of hydrocarbons or biological organic
matter that are not removed by the standard Florisil/silica gel column, gel
permeation chromatography (GPC) may be employed to further clean the sample
prior to analysis. Samples should be analyzed by GC/FPD after being carried
through the standard extraction and cleanup procedure (Section 2.3). If
serious interferences are seen in the GC/FPD analysis, the sample extract may
be subjected to GPC cleanup and reanalyzed. The following steps describe
the preparation of the GPC column and the procedure for processing sample
extracts.

1. Column Preparation. A glass chromatography column is packed with pre-
swelled Sephadex LH-20. Note that the column system is operated
isocratically, using only 6:4:3 cyclohexane:methanol:methylene chloride.

1.1. Add 10 mL 6:4:3 cyclohexane:methanol:methylene chloride to a 19-mm
i.d. chromatography column equipped with a solvent reservoir. Add
ca. 1 mL sand to the column. Tap the column to settle sand.

1.2. Pour approximately 80 mL pre-swelled (12 h) Sephadex LH-20 into the
column. Allow the Sephadex to settle for 10 min. Open the
stopcock, and allow 80 mL of solvent to flow through the system.
Leave ca. 30 mL of solvent in the column reservoir, and allow the
gel to settle overnight (12 h).

1.3. Elute 30 mL of solvent from the system. Remove excess gel packing
from the top of the column so that the final bed length is 26.5 cm.

1.4. ?dd ca. 1 mL sand to the top of the packing so it forms an even
ayer,

1.5. Examine the column for entrained air bubbles. If bubbles are
present, elute the column with ca. 250 mL of warm (30-35°C) 6:4:3
solvent. If the bubbles persist, repack the column.

2. Column calibration. The GPC column must be calibrated to ensure that it

i? packed properly and yields the proper elution pattern for sample
cleanup.

2.1. Prepare column calibration solution of 10 mg/mL azulene and 1 mg/mL
perylene in 6:4:3 solvent.
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2.2. Place a 100-ml graduated cylinder under the column to collect
effluent.

2.3. Using a pipet, carefully remove any excess 6:4:3 solvent from the
top of the packing.

2.4. Using a pipet, apply 2 miL of the azulene/perylene solution to the
top of the column. Apply solution carefully so as not to disturb
the packing.

2.5. Open the stopcock, drain so the liquid is at the top of the
packing. Add ca. 0.5 ml of solvent, and again drain to top of
packing. Repeat step 2.4 again.

2.6. Add 100 mL of solvent to the reservoir, and open the stopcock.
Elute the solvent until all the perylene (second colored band) has
emerged. Record the volume at which the azulene and perylene start
and finish eluting.

2.7. If the azulene emerges in the 50-65 mlL range, and the perylehe
emerges in the 60-80 mL range without any distinct tailing, the
column is acceptable and may be used for sample cleanup.

2.8. Discard the eluate, and flush the column by passing 90 mL of
solvent through the column.

Column conditioning. Active sites in the packing are deactivated by
conditioning with lipoidal material.

3.1. Add I mL 6:4:3 solvent to 1 g Crisco vegetable ¢il in a 4-mL vial.
3.2. Charge the sample onto the column. Drain to top of packing.

3.3. Elute the column with 150 ml 6:4:3 solvent.
3.4. The column is now ready for sample processing.

Sample processing. Sample extracts previously derivatized and processed
by Florisil/silica gel chromatography (Section 2.3) may be further
processed by GPC using the following procedure.

4.1. The sample extract containing the derivatized butyltins and the QIS
DPT should be applied to the GPC column in 2 maximum volume of
1 mb.

4.2, Elute the column with 80 mL 6:4:3 solvent. Collect the solvent in
a Kuderna-Danish concentrator. Follow step 15 in Section 2.3 and
reduce the eluate in volume to ca. 0.5 mL. Submit for GC/FPD
analysis.

Page 29 of 130



LERR doisice 21
e
bt

Battelle Project Number N-0519-6100

4.3. Flush the column with approximately 150 mL of additional 6:4:3
solvent. The column is now ready to be used for processing another

sample.

2.3.2 Optional Sulfur Cleanup with Activated Copper

Experimental evidence suggests that ambient sulfur is removed from most
sediments through the reaction of sulfur with the Grignard reagent. However,
if ambient levels of sulfur are not removed from the sample during processing
(as noted by characteristic GC/FPD interference; see Section 3.7), additional
processing of sample extracts may be carried out using activated copper to
remove low levels of sulfur. Samples should be analyzed by GC/FPD after
being carried through the standard extraction and cleanup procedure

(Section 2.3). If serious sulfur interferences are seen in the GC/FPD
analysis, the sample extract may be subjected to activated copperAcleanup

and reanalyzed.

1. Activated copper is prepared no more than 1 h before sample cleanup by
mixing approximately 20 g of copper turnings with 5 mL 6N HC1 in a 50-mL
beaker. The mixture is stirred until the copper turns pink. The
copper is successively washed with 50-mL aliquots of distilled water,
methanol, methylene chloride, and hexane.

2. Hexane extracts of samples (any time after derivitization) are brought
to a volume of ca. 5 mL, and mixed with ca. 5 g activated copper. The
solution is shaken gently for 2-3 min. If sulfur is present, the copper
will turn black. Small amounts of copper are continually added until
the copper remains pink. The extract is decanted quantitatively, and
either subjected to further chromatographic cleanup (i.e., GPC), or
congentrated by nitrogen evaporation and resubmitted for GC/FPD
analysis.

2.4 NSTRUMENTATION

The instruments used and the conditions under which they were operated during
the testing and validation study described in this document are presented in
this section. Comparable instrumentation may be used and will produce
similar results.
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Quantitative analysis of butyltin compounds in the sediment extracts is
accomplished by capillary gas chromatography followed by flame photometric
detection. Figure 2 is a fliowchart depicting the steps followed for GC/FPD
analysis of butyltins in sediment samples. Detailed, step-by-step
guidelines for GC/FPD analysis are presented below.

Optional confirmation of butyitin residues in sediment samples is performed

by capillary gas chromatography/mass spectrometry (GC/MS) using selected ion
monitoring (SIM) techniques.

2.4.1 GC/FPD

A Hewlett-Packard model 5890 capillary GC is fitted with a 30-m J&W Inc. DB-5
capillary column (0.25 mm i.d., 0.25 um film thickness)° Helium is used as
the carrier gas (linear velocity of 30 cm/s) and as the detector make-up gas
(flow of 40 mL/min). The injector and detector temperatures are maintained
at 250°C. During analysis, the GC oven is temperature programmed from an
initial temperature of 60°C (hold 1 min) to 250°C at 20°C/min, with a 4-min
final hold time.

Flame photometric detection is carried out using a Hewlett-Packard model
19256A FPD. Tin-selective response is obtained by fitting the FPD
photomultiplier tube with a 610-nm bandpass filter (Ealing Electroptics,
Inc. #35-3847). The FPD flame is maintained with a hydrogen-air mixture.
Hydrogen flow is set at 75 miL/min, and air flow is set at 100 mL/min.

Figure 3 shows a GC/FPD chromatogram of a standard containing the n-penty!
derivatives of TPT, DPT, TBY, DBT, MBT, as well as underivatized TTBT
obtained using the GC conditions described above. Table 3 Tists the gas
chromatography retention times and relative retention times of the MBT, DBT,
TBT, and TIBT relative to the QIS DPT and the RIS TPT. Gas chromatography
retention times of individual butyltin compounds were obtained by analyzing
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individual derivatized butyltin compounds, determining their respective
elution times, and confirming the structure of the compounds by mass
spectrometry.

2.4.2 GC/MS

A Hewlett-Packard model 5970B MSD capillary GC/MS is fitted with a 30-m J&W
Inc. DB-5 capillary column (0.25 mm i.d., 0.25 sm film thickness). Helium is
used as the carrier gas (linear velocity of 30 cm/s). The injector
temperature is maintained at 300°C. The mass spectrometer is operated with
a source pressure of 5-7 x 10-5 torr. During analysis, the GC oven is
temperature programmed from an initial temperature of 60°C (hold 1 min) to
250°C at 20°C/min, with a 4-min final hold time. Because the analytical
column and GC temperature program used in GC/MS analysis of butyltins is the
same as that used in GC/FPD analysis, the relative retention times of the
butyltin analytes to the internal standard TPT are the same as those listed
in Table 3.

The mass spectrometer is operated in selected ion monitoring mode, at a
electron multiplier (EM) voltage 200 volts above that required to give an EM
gain of 105 (normally 1700 - 1800 volts). Before operation in SIM, the
spectrometer is calibrated with perfluorotributylamine (PFTBA). Selected
ions used for analysis of butyltin compounds and the RIS TPT were determined
from the full scan spectra obtained from analysis of the n-pentyl derivatives
of the individual butyltin and propyltin compounds. Figures 4 through 9 show
the full scan (50-500 amu) spectra for TTBT and the n-pentyl derivatives of
MBT, DBT, TBT, TPT, and DPT. Note that the spectra are unique, by virtue of
tin's 10 naturally occurring isotopes. The ions selected for SIM analysis
from these spectra are both diagnostic and abundant. The following ions are
scanned at 100 msec/ion:
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Compound Ions

DPT 121 207 235 305
TPT 121 165 235 277
MBT 119 121 193 319
08T 119 121 245 315
M1 119 121 245 305
TTBT 119 121 235 291

If quantitation of butyitins in samples by SIM is necessary, the underlined
ions in the above table may be extracted and used for guantitative amalysis.
The selection of the guantitation jons was based both on the sensitivity
obtained using the ion signal and on the lack of interference observed in the
extracted ion chromatograms of authentic water sample extracts {(Uhler and
Steinhauer, 1988).

2.4.3 GC/FPD Calibration Procedures

Retention time (RT) and RT windows are established prior to sample analysis
by performing three analyses of a GC/FPD standard containing TTBT and the n-
pentyl derivatives of TBT, DBT, MBT, TPT and DPT over a 72-hour period. This
procedure defines the instrumental variability that will be encountered
during normal operation of the gas chromatograph. The average retention time
and the standard deviation (¢} of the average retention time for each
compound is computed. The retention time window is RTs3¢. During sample
analysis, peaks that fall within the RT window are tentatively identified as
the target analyte(s). This RT calibration procedure should be carried out
initially, and repeated only if major maintenance or alterations (changes in
fiow rate, new column instailation, etc.) are made to the chromatographic

system.

Three calibration standards are analyzed by GC/FPD prior to analysis of a
batch of samples. These standards are designated LOW, MID, and HIGH level,
and ideally bracket the amalyte concentration range. Internal standard
response factors (RF) for each butyltin analyte are calculated relative to
the internal standard TPT at each concentration level. For GC/FPD analysis,
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the peak height, rather than peak area, is found to be more accurate for
butyltin analysis.

Internal standard RF are calculated using the following formula:

Hi Cis
His Cj

RF = (7)

where Hi is the peak height of the analyte in the standard solution, His is
the peak height of the internal standard in the standard solution, Cij is the
concentration (or amount) of analyte in the standard solution, and Cjs is the
concentration (or amount) of internal standard in the standard solution.

The results of a calibration are considered acceptable if the RF percent V/,y///
relative standard deviation (%RSD) among the three RFs are within 20 percent. !
The %RSD is calculated using the relationship:

Q

%RSD = x 100 (8)

X

Where X is the mean of the three RF values, and o is the standard deviation
of the mean. If the %RSD exceeds 20 percent, a new calibration should be
performed.

In this study, the concentration range covered by the three GC calibration
standards was about a factor of 20. The %RSDs for the RF's calculated from
these calibrations were generally 10 percent or less.

After the analysis of 12 samples, a MID level check calibration standard is
analyzed. The original calibration is considered valid if the RF from this
analysis is within.« 20 percent of the original mean RF. If the check MID
meets the acceptance criterion, the next 12 samples are quantified using the
original RFs. If the check MID differs from the original average RF by more

Page 34 of 130



Batteile Project Number K-0519-5100
than 20 percent, a new three-point calibration must be performed. As a
matter of routine practice, & new three-point calibration curve should be run

every 24 h.
2.5 QUALITY CONTROL

The gquality of the analytical procedure and the data that result from the
analysis of a set of samples is maintained by following quality assurance
and quality control procedures. Every batch of sampies (maximum of 12)
should be accompanied by a procedural blank. A procedural blank is 25 mL of
distilled water carried through the analytical procedure. Matrix spike
samplies should be prepared with every suite of samples. The minimum number
of matrix spike samples should be 10 percent of the total number of samples
to be analyzed in one project. A matrix spike is prepared by fortifying a
sediment sampie with approximately 10 times the expected background level of
TBT. The matrix spike is carried through the analytical procedure, and the
recovery of the analytes is determined.

The procedural blank must be free from butyitins as well as any other
interferences in the chromatographic region where the analytes elute.

Recovery of TBT, DBT, and TTBT should fall in the range of 50 to 130 percent.
Recovery of MBT should fall in the 10 to 100 percent range. Recovery of the
RIS TPT, calculated relative to the QIS DPT, should fall in the range of 50
to 130 percent. If the recovery criteria are not met, remedial action and
reanalysis are necessary.

The average response factor computed from the three-level calibration should
have a percent RSD of < 20 percent. The RFs of the MID level calibration
check sample {run after the 12 samples) should be within 220 perceat of the
mean RF of the original three-level calibration. If these calibration
criteria are not met, the chromatographic system should be inspected,
remedial action taken, and the calibration rerun. '
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2.6 CONFIRMATORY TECHNIQUES (GC/MS)

The method described here for the analysis of butyltins presents GC/FPD as
the principal determinative technique. In practice, it may be necessary to
confirm the presence of suspected butyltins in selected samples by GC/MS.
Because of the very low levels of butyltins in sediments and the complex
matrix in which they are usually found, selected ion monitoring (SIM)
techniques are preferred over full mass scan techniques.

The confirmation of a butyltin analyte in a sample is based on the relative
ratios of the mass fragments monitored relative to those ratios in a SIM
spectrum of well-characterized butyltin standards. The expected ratios of
the ions monitored for each n-pentyl butyltin species are presented in
Table 4. The tolerance for the ratios, also presented in Table 4, are 2 20
percent of the expected ratios.

The confirmation process is carried out in the following fashion. A sample
extract suspected of containing one or more butyltin residues (by virtue of
GC/FPD results) is analyzed by GC/MS using SIM. If the suspected butyltin
species is observed at the proper retention time in the extracted ion profile
chromatogram, the relative ratios of the ions at the expected retention time
of the butyltin in question are determined, and compared to the expected
ratios presented in Table 4. If the ratios fall within the established
tolerances, the presence of the butyltin in the sample extract is confirmed.

2.7 TIME REQUIRED FOR ANALYSIS

The complete analysis of butyltins in sediment samples (including
extraction, cleanup, analysis, and calculations of final results) can be
accomplished for 10 samples plus a procedural blank and spiked blank in
roughly 28 man-hours:
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o Samplie extraction and derivitization ....ccocccceee .- 16 man-h
o Sample cleanup, concentration c.cccceccccscocescocccs 6 man<h

o GC/FPD analysis. Include GC standard calibration
check, visual inspection of chromatograms. and
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Confirmatory analysis by GC/MS requires approximately the same time as that
required by GC/FPD. GC/MS has the advantage of positive identification of

all analytes, but, relative to GC/FPD, requires 1-Z more hours of data
analysis by an experienced GC/MS operator. Additionally, the cost per sample
will likely be higher because of greater GC/MS instrument use costs. '

2.8 MODIFICATIONS OF POTENTIAL PROBLEMS TO THE ANALYTICAL METHOD

The method described in this report was tested with several estuarine
sediments, representing a wide range in grain size and organic carbon
content. No serious matrix interferences or matrix effects were observed.
As described in Sectiom 3.3.1, occasionally an early eluting, unidentified
compound would coelute with TPT, making accurate TPT peak integration
difficult. However, no interferences were noted in the region of the
chromatograms where the analytes or the QIS DPT eluted. Some samples formed
emulsions during extraction. As described in the Analytical Methods section
(Section 2.3), emulsions can be reduced by addition of NaCl to the mixture.
Any remaining emgisions are collected and easily broken down by mixing with
sodium sulfate, and no significant loss of analyte (as judged from the
results of the recovery experiments) was observed. ‘

/

The FPD used in this study proved trouble free. Some investigators have
suggested that during prolonged use, the optical windows of the FPD become
coated with inorganic tin (breakdown product of the analytes), reducing
overall semsitivity. During this study, approximately 500 samples were
analyzed for butyltins without any noticeable loss of detector sensitivity.
As a precaution, the sensitivity of the FPD should be monitored routinely by
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checking the absolute response of a mixed butyltin standard on a week-to-week
basis. If noticeable degradation in sensitivity is observed between checks
(reduction in sensitivity of > 20 percent), the FPD should be disassembled
and the optical path cleaned according to procedures prescribed by the
detector manufacturer.

The capillary column used in this study performed consistently throughout
the study. Routine maintenance, consisting of changing the injection port
liner at weekly intervals, and replacing the injection port septum
approximately every 24 samples, conserved the GC system integrity. A
capillary precolumn, consisting of 1-2 meters of deactivated fused silica
capillary column installed between the injection port and the analytical
column is recommended. If column degradation is suspected, the precolumn may
be replaced while maintaining the integrity of the analytical column.

2.9 METHODS OF CALCULATION

Butyltin species in sediment sample extracts are quantified using the method
of internal standards. The method of internal standards requires that prior
to sample quantification, a response factor for an analyte relative to an
internal standard compound be computed. As described in Section 2.4.3,
response factors for each analyte are determined relative to the internal
standard DPT from a three-level calibration. Samples are quantified using
the following equation:

& (salka) (Hi) x (Cis) (9)
B (Ris) x (RF) x (5)

where Cj is the concentration of the analyte in sample in ug/kg, Hij is the

height of the analyte peak (arbitrary units), Cijs is the amount of internal
standard added to the sample extract (in wg), His is the peak height of the
internal standard (arbitrary units), RF is the response factor for analyte i
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relative to the QIS DPT obtained from the three-point calibration, and S is
the weight of the sediment sample in kg.

The following serves as an example calculation. A 0.1 kg sediment sample is
extracted and analyzed for butylitin species. A total of 20 pg of

dipropyltin quantitation internal standard is added to the extract. Prior to
analysis, a three-point calibration is performed. Using the equation (7)
presented in Section 2.4.3, a response factor of 0.75 for TBT is determined.
Upon analysis, the GC/FPD chromatogram shows a response for TBT, with a
measured peak height of 15 mv. The internal standard peak height is 10 mv.
The variables required for calculation of the concentration of TBT in the
original sample by using equation (9) are

S =0.1 kg (original sample weight)

Hi = 15 mv (TBT response from analysis)

His = 10 mv (response for DPT internal standard from analysis)
Cis = 20 pg (amount of DPT added to extract)

RF = 0.75 (response factor for TBT relative to QIS DPT, determined
from three-point calibration)

Ci = concentration of TBT in original sample

Substituting these values into equation (9} yields the following:

(15 mv) x (20 zg)

£10 mul
L4V

WY 7 x
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el
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P
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(0.75) x (0.1 kg)

The concentrations of other butyitin species in a samp?e are computed using
equation (9) with the appropriate response factor and peak height data.
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3.0 RESULTS AND DISCUSSION

3.1 TEST SEDIMENTS

Sediments from an estuarine area of Chesapeake Bay were collected and used in
several phases of this work. One sample, CHB-1, was collected near the mouth
of the South River in Maryland. A second, CHB-2, was collected from Love
Point, Maryland, which is approximately mid-Bay on the Eastern Shore of
Maryland. Both these sample sites were far removed from potential sources

of TBT (marinas; drydocks), and were used to evaluate method performance
during Phases 1, 2, and 4 of this study.

Two freshwater sediments were collected in Massachusetts. One sediment,
designated DF-1, was collected from a freshwater lake in Duxbury, MA. The
lake, Priest Pond, is located within a wildlife preserve. No boating
activity is allowed on this lake. Thus, the sediments collected were free
from any butyltin contamination.

The second freshwater sediment was collected from the Taunton River, just
east of Taunton, MA. This river receives modest inputs of municipal runoff
and sewer discharge, and is used for some recreational boating. For this
study, the sediment was designated TR.

For Phase 3 work, several samples were collected from areas expected to have
significant butyltin contamination. A sediment sample, designated HR, was
collected from the Hampton Roads area of Virginia, near the mouth of the
Chesapeake Bay. A sample, designated GB-1, was collected from the Galveston
Bay ship channel in Texas. Finally, an estuarine sediment from Puget Sound,
Washington, designated PS, was collected for testing.

Sediments were collected using a ponar grab sampler. A Teflon-coated scoop
was used to sample the top 2 cm of the grab sample. Sediment was transferred
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1
ATI I.D. # 9104-199
SAMPLE CROSS REFERENCE SHEET
CLIENT : GEOENGINEERS, INC.
PROJECT # : 1299-003-B04
PROJECT NAME : UNIMAR, INC.
ATI # CLIENT DESCRIPTION DATE SAMPLED MATRIX
9104-199-1 9A 0-0.3" 01/21/91 SEDIMENT
9104-199-2 8B 0-0.3’ 01/22/91 SEDIMENT
9104-199-3 8C 0.3-2.0 01/22/91 SEDIMENT
9104-199-4 2B 0-0.3 01/24/91 SEDIMENT
9104-199-5 1A 0-0.3 01/24/91 SEDIMENT
9104-199-6 3A 0-0.3 01/25/91 SEDIMENT
9104-199-7 4A 0-0.3’ 01/28/91 SEDIMENT
9104-199-8 5A 0-0.3’ 01/27/91 SEDIMENT
9104-199-9 6A 0-0.3' 01/30/91 SEDIMENT
9104-199-10 11 DUPLICATE 01/30/91 SEDIMENT
9104-199-11 7A 0-0.3 01/30/91 SEDIMENT
————— TOTALS -----
MATRIX # SAMPLES
SEDIMENT 11

The samples from this project will be disposed of in thirty (30) days
from the date of this report. If an extended storage period is
required, please contact our sample control department before the
scheduled disposal date.

C — 259
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CLIENT
PROJECT #

PRCGJECT NAME

ANALYTICAL SCHEDULE

GEOENGINEERS,
1299-003-B04
UNIMAR, INC.

99 98 8¢

INC.

ATI I.D.

# 9104-199
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CLIENT

PROJECT #
PROJECT NAME

MATRIX

TOXICITY CHARACTERISTIC

METALS

GEOENGINEERS, INC.
1299-003-B04
UNIMAR, INC.

LEACHATE

CADMIUM

CHROMIUM

COPPER

LEAD

MERCURY

NICKEL

SELENIUM

SILVER

ZINC

04/23/91
04/23/91
04/23/91
04/23/91
04/23/91
04/23/91
04/23/91
04/23/91
04/23/91
04/23/91

04/23/91

C - 261

ATI I.D.

# 9104-199

DATE ANALYZED

04/23/91
04/23/91
04/23/91
04/23/91
04/23/91
04/23/91
04/30/91
04/23/91
04/23/91
04/25/91

04/25/91
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ATI I.D. # 9104-199

TOXICITY CHARACTERISTIC
METALS RESULTS

CLIENT ¢ GECENGINEERS, INC. MATRIX : LEACHATE
PROJECT # s 1299-003-B04
PROJECT NAME : UNIMAR, INC. UNITS : mg/L

@ o D BT T T T D S T O G W T T D WD T D D SO T T D D D T D W D O DD e O T D 4D D D D D D D D D D D D O K X D G O O R 5D G S G D NS R G 0 S50 G @6 O 0 OIS € 05D

9A 0-0.3° 8B 0-0.37 8C 0.3-2.0¢ 2B 0~-0.37 1A 0-0.3°

PARAMETER =1 -2 =3 -4 -5
ARSENIC <0.05 <0.05 <Q.G5 0.05 0.17
BARIUM 0.31 0.20 G.081 0.13 0.30
CADMIUM 0.004 0.008 0.018 0.046 ©.017
CHROMIUM 0.006 <0.005 0.006 <0.005 0.006
COPPER 0.01¢9 0.051 0.16 2.8 0.051
LEAD <0.02 .23 0.21 0.52 0.58
MERCURY <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
NICKEL 0.G3 0.086 0.26 0.30C 0.32
SELENIUM <0.05 <0.05 <0.05 <0.05 <0.05
SILVER <G.02 <0.02 <0.02 <0.02 <0.02
ZINC 0.38 2.0 3.2 83 59
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CLIENT

PROJECT #
PROJECT NAME

BARIUM

CADMIUM

CHROMIUM

COPPER

LEAD

MERCURY

NICKEL

SELENIUM

SILVER

ZINC

TOXICITY CHARACTERISTIC

METALS RESULTS

GEOENGINEERS, INC.
1299~003-B04
UNIMAR, INC.

MATRIX

UNITS

ATI I.D.

# 9104-199

3A 0-0.3’ 4A 0-0.3’ 5A 0-0.3’ 6A 0-0.3’
-6 -7 -8 -9

0.08 <0.05 <0.05 <0.05
0.19 0.060 0.067 0.33
0.011 0.042 0.050 0.013
<0.005 <0.005 0.012 0.005
0.61 3.7 1.8 0.064
0.63 3.0 1.6 0.28
<0.0005 0.0005 <0.0005 <0.0005
0.14 0.38 0.41 0.10
<0.05 <0.05 <0.05 <0.05
<0.02 <0.02 <0.02 <0.02
19 48 18 8.2

C - 263
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° ATI I.D. # 9104-199
TOXICITY CHARACTERISTIC
METALS RESULTS

CLIENT ¢ GEOENGINEERS, INC, MATRIX ¢ LEACHATE
PROJECT # : 1299~-003-B04
PROJECT NAME : UNIMAR, INC. UNTITS : mg/L
11 pupLicatE  7a 0-0.3/  REacEwT
PARAMETER =10 =11 BLANK
ARSENIC <0.05 <0.05 <0.05
BARIUM 0.12 0.075 0.004
CADMIUM c.012 0.028 <0.002
CHROMTIUM 0.006 0.008 <0.0085
COPPER 0.26 1.6 <0.002
LEAD .54 1.4 <0.02
MERCURY <0.0005 <0.00605 <0.0005
NICKEL .16 0.41 <0.01
SELENIUM <0.05 <0.05 <0.05
SILVER <0.02 <0.02 <0.02
ZINC 10 15 <0.01
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! ATI I.D. # 9104-199
TOXICITY CHARACTERISTIC
METALS QUALITY CONTROL

CLIENT ! GEOENGINEERS, INC. MATRIX ¢ LEACHATE
PROJECT # ¢ 1299-003-B04
PROJECT NAME : UNIMAR, INC. UNITS : mg/L
T saMpLE puP SPIKED SPIKE %
COMPOUND ATI I1I.D. RESULT RESULT RPD SAMPLE CONC REC
ARSENIC 9104-199-9 <0.05 <0.05 NC N/A N/A N/A
ARSENIC BLANK SPIKE <0.5 N/A N/A 58.7 50.0 117
BARIUM 9104-199-9 0.33 0.33 0 9.20 10.0 N/A
CADMIUM 9104-199-9 0.013 0.012 8 N/A N/A N/A
CADMIUM BLANK SPIKE <0.02 N/A N/A 52.2 50.0 104
CHROMIUM 9104-199-9 0.005 <0.005 NC 2.16 2.50 86
COPPER 9104-199-9 0.064 0.065 2 2.30 2.50 89
LEAD 9104-199-9 0.28 0.29 4 N/A N/A N/A
LEAD BLANK SPIKE <0.2 N/A N/A 52.5 50.0 105
MERCURY 9104-199-11 <0.0005 <0.0005 NC 0.0022 0.0020 110
NICKEL 9104-199-9 0.10 0.10 0o 2.37 2.50 91
SELENIUM 9104-199-9 <0.05 <0.05 NC N/A N/A N/A
SELENIUM BLANK SPIKE <0.5 N/A N/A 62.5 50.0 125
SILVER 9104-199-9 <0.02 <0.02 NC 0.94 1.0 94
ZINC 9104-199-9 8.2 8.2 0 11 2.5 112
NC = Not calculable.

% Recovery = (Spike Sample Result - Sample Result)

Spike Concentration
RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result
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APPENDIX D

ANALYTICAL TEST METHOD

MEASUREMENT OF BUTYLTIN SPECIES IN SEDIMENTS
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to Teflon jars, and the jars stored on ice. The samples were shipped on ice
by overnight courier to Battelle Ocean Sciences, Duxbury, Massachusetts.

3.1.1 Test Sediment Characterization

The test sediments used in this study were characterized according to their
grain size, and total organic carbon content (TOC). Select samples were
analyzed for acid extractable, total tin content. Table 5 lists these
physical and chemical parameters for the test sediments.

Grain size and TOC determinations were carried out following methods similar
to those described by EPA (Plumb, 1981). Total organic carbon determinations
were performed for Battelle by Global Geochemistry Company, Canoga Park,
California. Extractable tin determinations were carried out using methods
similar to those described by EPA procedure 7810 (EPA, 1986). Extractable
tin determinations were carried out at Battelle's Sequim, Washington,
laboratory. ' '

The TOC content of the two Chesapeake Bay sediments bracket a wide range in
TOC. Sediment CHB-1 has a low 0.33 percent TOC, whereas sediment CHB-2 has a
relatively high 4.79 percent TOC content. The remaining sediments fall
within the bracket defined by the CHB sediments.

The grain size distributions (gravel:sand:silt:clay) for the test sediments
correlate reasonably well with the TOC content. The test sediments range
from a high sand sediment (CHB-1) with low TOC to a high silt:clay sediment
(CHB-2) with high TOC. In general, samples with higher percentages of silt
tend to have higher levels of TOC.

Sediments CHB-1, CHB-2, HR, GB-1 and PS were analyzed for total extractable
tin content. The freshwater sediments from Massachusetts were not analyzed
for total extractable tin. The total tin analytical results for the selected
sediments, reported on a wet weight basis, range from 601 sg/kg (CHB-1) to
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3681 pg/kg (CHB-2). The extraction technique employed (agqua regia, 10
percent HC1/10 percent HNO3) does not destroy the sediment matrix and tends
to reflect the surficial or bound total tin concentration. The
concentrations of total tin for these samples are typical tin values for
sediments (Fairbridge, 1972). For the sediments characterized, the total
butyltin concentration does not exceed 2 percent of the total extractable tin
concentration.

3.1.2 Ambient Levels of Butyltins in Test Sediments

A1l test sediments were analyzed for ambient levels of butyltin species,
either as part of Phase 1 (CHB-1 and CHB-2), or Phase 3 (HR, PS, GB-1, DF-1,
TR). The method described in. this study was used. The results of these
finding are presented in Table 5. Total butyltin distribution in the test
sediments is extremely varied. All butyltin species were identified in at
least one or more sediment samples, eicept sediment DF-1, which was found to
contain no detectable butyltin species at or above the 0.5 ug/kg level. The
estuarine sediment collected from the Galveston Bay, Texas, area (GB-1) which
had very low total butyltin concentration, and was selected for use in the
method detection limit (MDL) determination (Section 3.4). The estuarine
sediment collected from Hampton Roads, VA (HR) contained all butyltin species
of interest, and was used in the storage stability experiments (Section 3.6).

3.2 CHEMICAL PURITY OF STANDARDS

The butyltin and propyltin compounds used for the preparation of standards in
this study may be obtained commercially in high-purity form ( > 95 percent).
However, the organotin GC quantification standards are derivatized prior to
use, as described in Section 2.2.3. In order to demonstrate that the
organotin compounds retained their integrity, individual organotin compounds
were carried through the GC standards preparation scheme (Section 2.2.3), and
analyzed by GC/FPD and GC/MS. Figures 10 through 15 show the GC/FPD
chromatograms of the individual organotin compounds after derivatization
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(except TTBT, which is used underivatized). Each compound was greater than
95 percent pure, by virtue of peak area measurements from the GC/FPD
chromatograms. The GC/MS full scan spectra of each peak confirmed the
structure of each individual organotin compound as the respective n-penty]
derivative (or the underivatized TTBV). Both the &C/FPD and GC/MS analysis
demonstrated that the individual organotin compounds did not undergo
rearrangement or degradation during preparation. Additiomally, full scan
GC/MS analysis showed that the individual organotin solutions contained no

significant contaminants or interferants.

3.3 RECOVERY OF BUTYLTIN SPECIES FROM SEDIMENTS

The recovery of the butylitin species TBT, DBT, MBT, and TTBT from sediments,
and the precision (reproducibility) of the method were evaluated as a
function of analyte concentration and sediment characteristic. Table 2
summarizes the sediments and fortification levels used to evaluate method
performance. The four sediments used to evaluate method performance (CHB-1,
CHB-2, DF-1 and TR) were chosen because they were very different in their
physical and chemical characteristics, and represented both estuarine and
freshwater regimes. Sediment CHB-1 is a high sand:silt estuarine sediment
with low TOC content (0.33 percent), whereas sediment CHB-2 is a high
silt:clay estuarine sediment with a T0C content (4,79 percent) more than 10-
fold higher than CHB-1. As an example, matrix effects, especial

L3

A EY)
&
competitive binding, low recoveries, and interferences during GC/FPD analysis

would be expected to be quite different for these two sediments.

The spiking levels used for the four test sediments in Phase 2 of this study
were 2.5 pg/kg (DF-1}, 25 pg/kg (DF-1), 50 wg/kg (CHB-1, CHB-2, TR) and

500 wg/kg (CHB=1, CHB-2, TR, DF-1}. These levels are at least 5 times
higher than the background levels determined in these sediments (Table §).
The freshwater sediment DF-1 contained no detectable ambient butyltin
species, so it was spiked at the very low 2.5 ug/kg level. These
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fortification levels represent sediment concentrations that are within the
range of environmental significance (Stephenson et al., 1987).

Method performance is evaluated in part by determining the recovery of
fortified analytes and the precision, or reproducibility, of the method at
different fortification levels. Recovery (percent) is defined using the
formula .

Xd
Recovery (%) = — x 100 (11)
Xa

where Xd is the average amount of analyte determined in a fortified sample,
and Xa is the amount of analyte added to the sample. The amount of analyte
in a sample is computed following the procedures described in Section 2.9.
The concentrations determined are reported as absolute recoveries relative to
the QIS DPT, and were not adjusted for recovery of the RIS TPT. The
reproducibility, or precision, of the method is determined by evaluating the
percent relative standard deviation (%RSD) of a series of replicate
measurements. In this study, this factor is calculated as

-4

X

%RSD =

x 100 (12)

where ¢ is the standard deviation of replicate measurements at a given
fortification level, and X is the average of the replicate determinations.

3.3.1 Recovery Results

The GC/FPD chromatograms for fortified sediment samples were generally
interference-free in the region where the analytes eluted. Occasionally, an
unidentified, coeluting compound partially obscured the RIS TPT peak, making
integration and quantification of this peak difficult.
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Figure 16 and 17 are GC/FPD chromatograms of the unfortified sediments CHB-1
and CHB-2. Figures 18 are 19 are chromatograms for sediments CHB-1 and CHB-2
fortified at the 50 pg/kg level. The chromatograms for the fortified
sediments (Figures 18 and 19) appear to have less intense ané}ii} signals
than in the chromatograms for the ambient sediments (Figures 16 and i7}.

This is because the fortified samples were diluted by a factor of 10 prior

to analysis in order to fall into the working range of the analytical
standards. In all cases, the analyte peaks are clearly resolved,
symmetrical, and readily interpretable.

Table 6 presents the recoveries of butyltin species from sediments CHB-1,
CHB-2, DF-1 and TR at the 2.5 wg/Kg, 25 wg/Kg, 50 wg/kg and 500 ug/kg level.
A spike level of 2.5 ug/kg was possible for freshwater sediment DF-1 because
it came from a source compietely free of ambient amounts of butyltin species.

Tributyltin recovery from sediment is good at all fortification levels.
Recovery of TBT at the 25-50 s#g/kg level averaged 125 percent for CHB-1,

86 percent for CHB-2, 107 percent for DF-1 and 104 percent for sediment TR.
Recovery at the 500 wg/kg level averaged 110 percent for CHB-1, 87 percent
for CHB-2, 67 percent for DF-1 and 83 percent for sediment TR.

Dibutyltin recovery from sediment is also good at both fortification levels,
for both sediments. Dibutyltin recovery at the 25-50 wg/kg level averaged
127 percent for CHB-1, 70 percent for CHB-2, 85 percent for DF-1 and

93 percent for sediment TR. Recovery at the 500 xg/kg level averaged

127 percent for CHB-1, 85 percent for CHB-2, 60 percent for DF-1 and 70
percent for sediment TR.
Monobutyltin recovery from sediment was acceptable; recovery at the 25-

50 sg/kg level was 64 percent for CHB-1, 34 percent for CHB-2, 100 percent
for DF-1 and 98 percent for TR. Recovery at the 500 ug/kg fortification
level averaged 62 percent for CHB-1, 50 percent for CHB-2, 75 percent for DF-

1 and 63 percent for sediment TR. The recoveries of MBT at both
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fortification levels were significantly lower than DBT, TBT, or TTBT. MBT, a
monoorganotin compound, is the most polar compound among'the target analytes,
and is presumably more strongly bound to sediment organic matter than the
other butyltins, making the compound difficult to extract even with the use
of the chelating agent tropolone. In general, recovery of MBT does appear to
be somewhat better from the freshwater sediments tested. This may reflect
differences in the binding strength of the organic matter associated with the
estuarine sediments, relative to that of the freshwater sediments. However,
since only a very small number of different sediments were used in this
study, no definitive statements concerning recovery of butyltins from
freshwater versus estuarine sediments can be made. Recovery of butyltin
species from both sediment types are acceptable.

Tetrabutyltin recoveries were good at both fortification levels. Recovery of
TTBT at the 25-50 ug/kg level was 97 percent for CHB-1, 77 percent for CHB-2,
97 percent for DF-1 and 74 percent for sediment TR. Recovery at the

500 ug/kg was 92 percent for CHB-1, 80 percent for CHB-2, 59 percent for DF-1
and 74 percent for sediment TR. '

Recovery of the butyltin species at the 2.5 ug/kg level from the freshwater
sediment DF-1 is presented in Table 6. Sediment DF-1 was the only test
sediment with sufficiently low ambient butyltin levels to permit a series of
very low spike and recovery experiments. The recovery results from these
very low spike level experiments are very consistent with the results from
the higher'spike levels. TBT recovery averaged 119 percent, DBT recovery
averaged 84 percent, MBT recovery averaged 106 percent and TTBT recovery
averaged 92 percent. The very good recoveries of all butyltin species at
this very low fortification level demonstrates that the method is dependable,
even at these extremely low analyte concentrations.

For the estuarine sediments (CHB-1 and CHB-2) recoveries for all analytes at
both fortification levels are somewhat lower (approximately 15 percent) from

the CHB-2 sediment. This likely is due to the increased difficulty in

Page 46 of 130



extracting the compounds from the very high organic carbon content CHB-2
sediment. The organic matter associated with marine sediments is capable of
binding organotins very strongly, with measured sediment-water distribution
coefficients generally in the 103-104 range (Unger et al., 1987).
Potentially, the higher the organic carbon content of a sediment, the
stronger the binding of organotin compounds to the sediment surface. This
hypothesis is consistent with the data presented in this study, because
sediment CHB-2 has greater tham 10-fold higher TOC than sediment CHB-1, and
would be predicted to bind the organctins more strongly than CHB-1.

3.3.2 Réproducibi?ity of Recovery

The reproducibility of recovery of the butyltin analytes from sediments is
measured as the percent relative deviation {%RSD} of replicate measurements
at a given fortification level. The %BSD for all measurements is presented
in Table 6 as the value adjacent to the corresponding percent recovery value.

Reproducibility of measurements for the butyltin species at both
fortification levels for all test sediments is excellent. At the 50 wg/kg
Tevel, the %RSD averaged 8 percent for all analytes in the CHB-1 sediment,
16 percent for all amalytes in the CHB-2 sediment, 12 percent for all
analytes in the DF-1 sediment, and 13 percent for all analytes in sediment
TR. At the 500 wg/kg level, the %RSD averaged 3 percent for all analytes in
the CHB-1 sediment, 4 percent for all analytes in the CHB-Z sediment,

3 percent for all analytes in the DF-1 sediment and 18 percent in sediment
TR.

The recovery of butyltin species from the freshwater sediment TR at the
2.5 pg/kg level averaged 18 percent for all analytes.

The variability in the recovery of ambient butyitins for all the test
sediments was in the 2.5 to 55 %RSD range for TBT, 3.4 to 54 %RSD range for
DBT, 7.3 to 67 %RSD range for MBT and 1 to 93 %RSD range for TTBT. The
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observations presented in this study suggest that the analytical method is
very reproducible, but that, in most cases, ambient levels of butyltins are
not homogeneously distributed. This is consistent with a review of
laboratory round-robin data for TBT findings in TBT-contaminated sediments
(Stephenson et al., 1987). In that study, the average %RSD for the
measurement of ambient TBT in a composited sediment sample at the 500 ug/kg
level was 31 percent.

3.3.3 _GC/MS Confirmation

The presence of incurred butyltin residues in test sediments (based on GC/FPD
results) was confirmed by GC/MS operating in SIM mode, following instrumental
operating procedures described in Section 2.4.2, and selected ion
interpretation guidelines described in Section 2.6. Figure 20 is a
representative GC/SIM extracted ion chromatogram of an extract of sediment
collected from Puget Sound, Washington (PS), clearly showing the presence of
TBT, DBT, MBT, and TTBT. '

3.4 METHOD DETECTION LIMIT (MDL)

The Method Detection Limit (MDL) for the analysis of butyltins in sediments
was determined according to EPA guidelines presented in the Federal Register
(1984). The estuarine test sediment with the lowest ambient butyltin
concentration, GB-1, from Galveston Bay, Texas, was used for this experiment.
The MDL was determined by performing eight replicate analyses of a sediment
fortified at approximately the 5 ug/kg level. This concentration was about
five times higher than the ambient level of TBT in the test sediment. The
MDL was calculated from the following equation:

MOL =t x o (13)

where o is the standard deviation of the eight replicate measurements, and t
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is the Student-t statistic at the 39 percent confidence level for eight
measurements and seven degrees of freedom.

The upper confidence limit (UCL) and lower confidence limit {LCL) are
calculated for use with the MDL. The UCL and LCL represent the upper and
lower 95 percent confidence limits of the MDL. The UCL and LCL are
calculated from the equations:

LCL = 0.66 MDL (14)
UCL = 2.04 MDL (15)

Table 7 is a summary of the MDL, LCL, and UCL for TBT, DBT, MBY, and TTBT,
based on GC/FPD determinations.

In practice, analytes determined at and above the MDL should be reported in
concentration units. Analytes detected below this level should be reported

as “detected but below the'MDL,“ with no concentration value reported.

3.5 ANALYSIS OF FIELD SAMPLES

The method for the analysis of butyltin species im sediments was used to
evaluate the levels of butyltins in sediments from several estuarine regions
in the United States. The objective of this work (Phase 3, Table 2) was to
determine if randomly collected sediments posed any significant difficulties
when using the analytical'methoé described in this report. Three estuarine '
sediments were used for this phase of the study. A sediment sample,
designated HR, was collected from the Hampton Roads area of Virginia, near
the mouth of the Chesapeake Bay. The sampling site is in a heavily
industrial area, with significant commercial, U.S. Maval, and recreational
boat traffic. A sample, designated GB-1, was collected from the heavily
plied Galveston Bay ship channel in Texas. This sampling site is located in
the major ship channel just off Galveston Island. Finally, an estuarine
sediment from Puget Sound, Washington, designated PS, was collected for
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testing. This sediment was collected off a pier in an active, recreational
marina.

The results of the analysis of butyltins in the sediments are given in

Table 5. The PS sediment, collected directly in a marina, has almost 10-fold
higher levels of TBT (26.8 xg/kg) than do any of the other test sediments.
The sediment from Hampton Roads (HR) had the next highest concentration of
TBT (8.63 ug/kg), whereas the sediment from the very well flushed Galveston
Bay site (GB-1) had the lowest level of TBT (1.15 wg/kg). The variability in
the duplicate measurements ranged from 2.5 to 55 %RSD for TBT, 12 to 54 %RSD
for DBT, 15 to 60 %RSD for MBT and 49 to 93 %RSD for TTBT. This degree of
variability is consistent with literature findings, as discussed in

Section 3.3.2.

None of the test sediments used in Phase 3 of this work presented any special
problems during the sample workup or instrumental analysis. Especially
encouraging was the fact that the PS sediment analysis was not plagued by any
overt interferences. This sediment, obtained from a heavily used marina area
where anthropogenic contaminants (i.e., fuel oil, grease, etc.) would be
present (and with a rather high 2.43 percent TOC loading), would be predicted
to present the most challenge to the analytical method.

The test sediments used in Phase 3 of this study were also analyzed by the
method of standard additions (Skoog and West, 1976). The standard additions
technique can provide insight into potential matrix interferences not
accounted for by the conventional, or "single point,* method. Aliquots of
test sediment were fortified at levels approximately 100 percent, 200
percent, and 400 percent above ambient levels of the analyte targeted for
standard additions analysis. Briefly, a plot of the ratio of analyte GC/FPD
signal to internal standard GC/FPD signal versus amount of analyte added to
the ambient sample was prepared. Extrapolation of the linear least-square
fit to the data to the abscissa yielded the amount of analyte in the
unfortified sample.
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Because the TBT and DBT levels among sediments varied significantly

{Table 5), only one analyte per sediment was selected for amalysis by the
method of standard additions. The sediments HR and GB-1 were selected for
TBT analysis by standard additions; the sediment PS was selected for DBT
analysis by standard additions.

The results of the standard additions technigue with the ambient levels
determined from single point analyses compare very favorably for the HR and
GB sediments. TBT residues for the HR sediment by standard additions was
found to be 7.77 wg/kg, which compares excellently with the 8.63 = 2.8 ug/kg
determined using the single point analytical method. Similarly, the TBT
level in sediment GB-1 was found to 2.47 wpg/kg by standard additions,
compared to 1.15 2 0.63 pg/kg by the single point method. Considering the
variability in the ambient levels of TBT in the sediments (on the order of
30 tc 60 percent), the agreement between the two methods is very good.

The comparison of DBT levels determined by standard additions and the single
point method for sediment PS does not compare as favorably as the TBT
determinations described above. The DBT concentration in sediment PS
determined by the method of standard additions is 10.3 wg/kg, versus

3.84 2 0.45 pg/kg determined by the single point technique. This
discrepancy (a factor of 2.7) is probably due to the rather large scatter in
the standard addition data, which in turn reflects the rather high
variability in the ambient levels of DBT in the PS test sediment.

Overall, the results from the Phase 3 experiments reveal that the analytical

method performs well for a wide range of sediment conditions, including those
from heavily contaminated sites such as marinas and active shipping lanes.
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3.6 _STORAGE EXPERIMENTS

Phase 4 of the method validation strategy involved studying the effects of
storage on the stability of butyltin species in sediments. Sediment samples
are often collected in the field, returned to the laboratory, and stored for
some period of time prior to extraction and analysis. In order to test
whether the butyltin species TBT, DBT, MBT, and TTBT were stable over
reasonable holding periods, two separate storage experiments were conducted.
The test sediment designated HR was chosen for use in this Phase of the Study
because it contained environmentally realistic, ambient levels of all four
butyltin species.

The first experiment involved evaluating the stability of butyltin species in
bulk sediment, by storing sediments with ambient levels of butyltin species

in the dark, in a freezer maintained at -20°C, while monitoring the stability
of the butyltin species by periodically analyzing the sediments. Ten

separate Teflon jars were filled with 100 g of sediment HR. Initially

(time = 0), and each week for one month, two sample jars were removed from
the freezer, and the sediments analyzed for butyltin species follow1ng the
procedures presented in Section 2.3. R

The second experiment involved monitoring the stability of sediment-
extracted, derivatized butyltin species stored in the dark, in a freezer
maintained at -20°C. Ten 100-g sediment samples (HR) were extracted and
derivatized as described in Section 2.3. The extracts were stored in the
dark in at -20°C. Initially (time = 0) and each week for one month, two
extracts were removed from the freezer and analyzed for butyltin species.

Figures 21 through 24 present stability plots of TBT, DBT, MBT and TTBT for
the bulk sediment storage experiment. Figures 25 through 28 present
stability plots of TBT, DBT, MBT, and TTBT for the sediment extract
experiment. The data are presented as the measured concentration of the
individual butyltin compound on a wet weight basis versus holding time. In
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both experiments, TBT, DBT, MBT and TTBT concentrations appear to remain
stable over the course of the 4-week experiment. In general, the
reproducibility of the duplicate measurements for TBT, DBT, and TTBT is in
the 10-20 percent range. The variability in MBT measurements is somewhat
higher--approximately 20-30 percent. This is a refiection of the very iow
MBT concentration (approximately 0.6 ug/kg) in the test sediment, which is
approaching the MDL for this compound. Higher variability im the
measurements is expected at this very low concentration.

There appears to be no advantage (im terms of butyltin stability) in storing
sediment extracts instead of the bulk sediments. The results of this
experiment demonstrate that sediments or sediment extracts may be stored over
at least a 4 week period in a -20°C freezer in the dark without any
compromise to analyte imtegrity.

3.7 INTERFERENCES

Interferences in the trace-~level determination of substances can originate
from numerous sources. Interferences (and contamination) can arise from the
matrix in which the sample is found, the quality of reagents used in
processing samples, the cleanness of labware and the care with which samples
are handled by laboratory personnel. These issues are discussed below.

3.7.1 Sampie Matrices

Sediments from both marine and freshwater environments potentially contain
interfering materiais. The most common naturally occurring interferants in
sediments are the coextracted organic material associated with the sediment,
and dissolved and colloidal sulfur (inciuding elemental, polysulfidic, and
sulfidic species). Additionally, sediment samplies collected from near-
coastal waters and from busy harbors may contain high levels of oils and/or

other anthropogenic chemicals.
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The only other class of organotin compounds reported to have been detected in
the aquatic environment, the methyltins, have been shown to have different
retention times from the butyltins, and do not pose an interference problem
by coeluting with analytes of interest (Unger, 1986). <EE§D the method used
in this study, inorganic tin is recovered with undetermined efficiency from
water, and arises in extracts because it is naturally present in sediments.
Inorgénic tin is converted to tetrapentyltin during sample processing, and
elutes as a peak approximately 1 min after the last analyte peak (MBT) .
elutes. The presence of inorganic tin does not constitute an interference.

3.7.1.1 Naturally Occurring Organic Matter

Naturally occurring organic matter coextracted with sediments used in this
study did not pose a significant problem with the GC analysis of the butyltin
analytes. Occasionally, a spurious coeluting peak very near to the RIS TPT
was observed. This coeluting compound often obscured or made difficult the
proper integration of the TPT. However, in no instance were any
interferences noted in the region of the chromatogram where the butyltin
analytes or the QIS DPT eluted.

3.7.1.2 Contamination of Sediments by Crude 0il

The effect of very high levels of crude oil on the analysis of butyltins in
sediments was evaluated by spiking sediments with 10 mg/g Prudhoe Bay crude
oil and with butyltin analytes at approximately the 5 ug/kg level prior to
extraction and analysis. These samples were prepared in order to represent
grossly contaminated harbor sediments. Two analytical strategies were
evaluated and contrasted: (1) the crude-oil sediments were processed by the
standard method (presented in Section 2.3) and analyzed, and (2) identical
samples were processed by the standard method and then subjected to the
auxiliary gel permeation chromatographic (GPC) cleanup process.
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The results of these experiments showed that the standard Florisil/silica gel
column removed the bulk of the oil added to the sediments (as determined by
presence or lack of interferants in the GC/FPD chromatograms). The GC/FPD
chromatograms of the sediment extracts processed through the standard method
showed no obvious interferences with the analytes of interest. All analytes
did exhibit a siight increase im their GC retention times and some moderate
peak broadening, likely the result of a “keeper” effect of residual oil in
the GC injection port. The percent difference between the determined amounts
of butyltin analytes in uncontaminated sediments and oil-contaminated were
MBT (-19%): DBT (-11%): TBT (+24%); TiIBT (-10%). The differences between the
determined amounts probably reflect the effect of peak broadening on accurate
quantitation. However, considering that the oil contaminated sediments are
an extreme worst-case example, these differences are acceptable.

Processing of the crude-oil contaminated sediments through GPC did not show a
measurable difference in chromatographic quality relative to the standard
Florisil/silica cleanup. This result suggests that even sediments with high
hydrocarbon lcadings will be sufficiently cleaned up using the standard
sample processing technique. Additionally, the alternate GPC method is
available to augment the standard Florisil/silica cleanup in the event of
unusual contamination not removed by Florisil/silica.

3.7.1.3 Suifur Contamination

Sulfur is often found in sediment samples, in either the elemental or reduced
state. The FPD, although equipped with a selective 610-nm filter, can be
affected by sulfur emissions if significant amounts of sulfur are present in
a sample extract. The effect of gross amounts of sulfur on the FPD signal

is probably related to changes in the emission flame temperature and to a
lesser extent, direct emission due to sulfur. In certaim cases, it may be
necessary to chemically remove sulfur from extracts prior to successful
analysis.
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Sulfur interference is indicated by the presence of several large,
unsymmetrical peaks, resulting from the degradation of elemental sulfur (Sg)
in the injection port of the GC. Although several of the sediment samples
used in this study contained detectable amounts of sulfur species (as
determined by the distinct odor of sulfide during sample processing), no
interference due to these ambient levels of sulfur was observed.

Experiments were carried out to determine if gross levels of sulfur could be
removed effectively from sample extracts. As part of Phase 1 (Reconnaissance
Experiments), sediment CHB-1 was intentionally contaminated with 10 mg/g
elemental sulfur and fortified with 5 ug/kg butyltin species. These samples,
carried through the analytical procedure, showed severe sulfur interference
during GC/FPD analysis.

In this study, the n-pentyl derivatives of TBT, DBT, MBT, and the species
TTBT were found to be stable in the presence of activated copper. Repeated
treatment of the grossly sulfur contaminated extracts with activated
elemental copper (EPA, 1986) removed much sulfur contamination, but did not
remove enough of the sulfur to reduce the background interference for
sufficiently successful GC/FPD analysis.

Natural levels of sulfur encountered in this study have not posed a problem
in the analysis of butyltins in sediments. Low levels of sulfur react with
the Grignard reagent and are probably trapped during sample cleanup.
Moderate levels of sulfur may be removed by treatment of extracts with
activated copper. However, extreme levels of sulfur in sediment specimens
may result in samples that are very difficult to analyze by GC/FPD.

3.7.2 Presence of Other Pesticides in Sample Extracts

The presence of other pesticides in sediments, and their potential
interference in the analysis of butyltins using this method, has not been
directly investigated. However, due to the very selective nature of the
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determinative step (GC/FPD), interference due to the presence of low levels
of pesticides is not expected. Although FPD is used as a detection technique
for both phosphorus- and sulfur-containing pesticides, these classes of
compounds do not pose an interference problem in the GC/FPD determination of
organotin compounds. Sulfur and phosphorus compounds have unique flame
emission characteristics that are centered below 550 nm in the '
electromagnetic spectrum. The optical filter used in the determination of
butyltins allows only radiation in the window 610420 nm to reach the
detector. Hence, at the very low levels pesticide compounds may exist in
sediments, the method is transparent to phosphorus-, sulfur-, nitrogen-, and
halogen-containing compounds.

3.7.3 Solvents and Chemicals

The solvents used in this procedure were all of pesticide grade or better.

No interferences or organotin contamination were experienced. The acid HBr
used in the processing of samples often contains small, parts per million,
(ppm) amounts of inorganic tin. However, the presence of this elemental form
of tin does not constitute an interference.

All other reagents and chemicals were tested separately and found to be free
of butyltin contamination. It is recommended that prior to analysis of
samples in the laboratory, all solvents, reagents, and other chemicals be
carried through the analytical procedure in an isolated fashion to test for
potential butyltin contamination.

3.7.4 Labware

Laboratory glassware must be handled with extreme care prior to use in the
analysis of butylitin compounds. Certain giassware may be treated with
monobutylitin during manufacturing, which can result in an extremely large
interference in the trace analysis of butyltin compounds. It is recommended
that glassware that is to be used for butyltin analysis and especially
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glassware that is to be used for the co]]eétion and storage of water samples
‘ be subjected to the following cleaning procedure:

1. Soak glassware in glacial acetic acid for 4 h.

2. Rinse glassware three times with distilled water.
3. Soak glassware in concentrated HC1 for 4 h.

4. Rinse glassware three times with distilled water.

i 5. Air dry.

The use of synthetic materials constructed of or containing PVC plastic
'should be avoided in any procedures related to trace organotin analysis. PVC
is a potential sources of dibutyltin contamination because dibutyltin is used
- in the manufacturing of the polymer. Potentially serious contamination due

, to the presence of DBT can occur due to contact with these synthetic products
e during the processing of samples. It is also recommended that synthetic

) rubber and plastic materials not be used in the processing of samples. If it
is necessary to wear gloves during glassware cleaning, those constructed of
either Viton (preferred) or nitrile should be used.

4.0 ARCHIVING OF DATA

All raw data, the final report and protocol, and samples of the neat test
materials used will be indefinitely archived at the Battelle Archive in
Duxbury, Massachusetts.

5.0 CONCLUSIONS

The method presented in this report is a multiresidue technique for the
analysis of TBT, its degradation products DBT and MBT, and the TBT
. manufacturing impurity TTBT in estuarine sediments. The tests described in
é - this report demonstrate that the method provides good recoveries for TBT,
' DBT, MBT, and TTBT, with MDLs for the analytes less than 0.5 ug/kg on a wet
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weight basis. Recovery of the analytes at the 50 wg/kg level ranged from 70
to 127 percent for TBT, DBT, and TTBT in the matrices tested. Mean MBT
recovery at the 50 pg/kg level was 74 percent. This lower recovery of MBT
reflects the polarity and relatively affinity the trivalent cation MBT has
for organic matter associated with sediments. Recovery of MBT will likely
range from 30 to 100 percent, depending on the organic carbon loading of the
sediments under study. No significant interferences were observed in the
test sediments studied. Laboratory observations suggest that low, ambient
levels of sulfur likely are removed during sample processing. Because the
butyltins were found to be stable in the presence of activated copper, this
material may be used to further remove sulfur should it prove to be a
significant interferant.

Laboratory storage experiments using a sediment with ambient levels of
butyltin species demonstrate that TBT, DBT, MBT and TTBT do not degrade when
stored as bulk sediment or sediment extracts at -20°C in a darkened freezer.
The storage experiments were conducted over a 4-week period. The results of
this storage experiment show that prior to analysis field-collected sediment
samples may be confidently stored for at least 4 weeks without any loss of
analyte integrity.

The equipment used in this method is common to most analytical laboratories
and is all commercially available. MNo specialized glassware or equipment is
required to carry out the method. The only nonroutine hardware requirement
is for the GC flame photometric'detector. The FPD must be fitted with an
optical filter that is commercially available and costs less tham $100 (1988
price). The techniques (extraction, cleanup} are similar to other sediment
extraction procedures. The derivatization step (prior to cleanup) is rapid
and simple. Overall, the method should not present a serious challenge to
the experienced analyst.
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7.0 TABLES/FIGURES

The following section contains pertinent tables and figures referenced in the
body of this report.
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TABLE 1. BUTYLTIN COMPOUNDS REGISTERED FOR USE IN ANTIFOULANT PAINT
FORMULATIONS

S

Chemical Abstract Services

Compound Name Registry Number
Bis(tributyltin) oxide 56-35-9
Bis(tributyltin) dodecenyl succinate 12379-54-3
Bis(tributyltin)sulfide 4804-30-4
Bis(tributyltin)acetate 56-36-0
Bis(tributyltin) adipate : 7437-35-6
Tributyltin acrylate . 1331-52-7
Tributyltin fluoride 1983-10-4
Tributyltin resinate none assigned
Tributyltin methacrylate 2155-70-6
and copolymer 26345-187
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TABLE 2. TASKS PERFORMED FOR METHOD VALIDATION STUDY2

PHASE 1. Reconnaissance Experiments
Effects of Sulfur and Crude Oil on Method Performance

Fortification @ = ~=cccccc=s Replicates =eeccoccss
Level (pg/kg) CHB-1 CHB-1+PBCP  CHB-1+SC
5 4 4 ' 4

PHASE 2. Precision, Accuracy, and Method Detectiom Limit (MDL)

Determinations
Fortification @ = cecwo=- Replicates =ecwcc=
tevel {mg/kg) CHB-1 CHB-2 &B-1 OF-=1 R
Ambient 4 § 4 2 2
2.5 - - - 4 -
25 - - - 4 -
50 4 4 - - 4
500 4 4 - 4 4
MDL Determination - - 8 - -
PHASE 3. Field Sample Verification
e Replicates =====
Method HR 6B-1 PS
Conventional . 2 2 2
Standard Additions@ 6 6 6
PHASE 4. Storage Experiments
Sample Type Humber of Analyses
Sedimenté€ 5-week x 2 duplicates
Extractsf S5-week x 2 duplicates

aSediment codes identified in the text, Section 3.1.

bSample CHB-1 + 10 mg/g Prudhoe Bay Crude 0il.

CSampie CHB=-1 + 10 mg/g elemental sulfur.

dMethod of standard additions. 3-Level--duplicates at each level.
€100 g sediment HR stored at -20°C.

fExtracts of sediment HR stored at -20°C.
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TABLE 3. GAS CHROMATOGRAPHY RETENTION TIMES AND RELATIVE RETENTION TIMES OF
BUTYLTIN COMPOUNDS

Retention TimeD Relative Retention TimeC
Compound@ (wminutes) (minutes)
Dipropyltin (DPT) 9.61 1.00
Tripropyltin (TPT) 8.55 0.89
Tetrabutyltin (TTBT) 9.46 0.98
Tributyltin (TBT) _ 9.98 1.04
Dibutyltin (DBT) 10.48 1.09
Monobutyltin (MBT) 10.97 1.14

aGas chromatography is performed on the n-pentyl derivatives of MBT, DBT,
TBT, DPT and TPT. TTBT is not derivatized.

bRetention times relative to GC conditions given in text.

Cvalues calculated relative to the retention time of the quantitation
internal standard DPT.

Page 64 of 130



TABLE 4. SELECTED IONS AND EXPECTED RELATIVE ION ABUNDANCES USED IN
MASS SPECTROMETRY CONFIRMATION OF BUTYLTIN SPECIES

Compound: Tetrabutyitin

Mass Fragments Monitored (amu): 119 121 235 291
Expected Relative Ratios: 36 47 100 66
= 20% Tolerance : 7.2 9.4 20 13.2

Compound: Tributyltin (n-pentyl derivative)

Mass Fragments Monitored (amu): 119 121 249 305
Expected Relative Ratios: 74 96 8 100
& 20% Tolerance : 15 19 17 20

Compound: Dibutyltin (n-pentyl derivative)

Mass Fragments Monitored (amu): 119 121 249 319
Expected Relative Ratios: 59 76 100 57
&« 20% Tolerance : 12 15 20 11

Compounds Monobutyltin (n-pentyl derivative)

Mass Fragments Monitored (amu): 119 121 i93 319
Expected Relative Ratios: 35 47 100 47
s 20% Tolerance : 7 9.4 20 9.4
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TABLE 5. CHEMICAL AND PIlYSICAL PROPERTIES OF TEST SEDIMENTS

-------------------------- HGIKGA mommemmmee e ceaan

Sediment XGravel XSand %Silt  XClay T0C (%) ISn 187 0BT MBT 1187

CHB-1 0.01  94.34 1.60 4.05 0.33 601 (113) 2.98 (0.91) 1.55 (0.43) 1.42 (0.3) D

CHB-2 3.23 13.38 58.92 24.48 4.719 3681 (170) 4.88 (1.3) 0.30 (0.14) 0.48 (0.32) D

HR 0.33  66.61 14.01 19.05 0.91 2045 (49) 8.63 (2.8) 3.65 (1.8) 1.15 (0.52) 3.87 (1.9)
GB-1 0.41  54.44 18.62 26.54 0.40 989 (223) 1.15 (0.63) 0.48 (0.26) 0.42 (0.25) ND
'PS 0.86 14.67 68.71 15.76 2.43 1831 (49) 26.83 (0.66) 3.84 (0.45) 0.68 (0.10) 7.55 (7.0)
OF-1 0.69 80.27 14.28 4.76 1.88 b ND ND ND ND

TR 0.63 55.18 38.36 5.83 2.24 b 11.04 (0.76) 9.39 (0.32) 17.50 (1.27) 1.11 (0.01)

aChemical analyses reported as the mean of replicate determinations.

presented as parenthetical values.
bTotal tin determinations not performed.
D detected, but below the Method Detection Limit (MOL).

ND Not detected in sample.

Standard deviation of the replicate determinations
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TABLE 6. RECOVERY OF BUTYLTIN SPECIES FROM ESTUARINE SEDIMENTS DETERMINED BY
GAS CHROMATOGRAPHY WITH FLAME PHOTOMETRIC DETECTION2

Spike Levelb -- 2.5 gg/kg

11:1} DBT MBT TIBY
Sediment %Recovery %RSD . %Recovery %RSD %Recovery %RSD  %Recovery %RSD
DF-1 119 14 84 19 106 15 92 22

Spike Leveld -~ 50 ag/kg

11:11 DBT MBT TTRY
Sediment %Recovery %RSD %Recovery %RSD  %Recovery %RSD  %Recovery %RSD
CHB-1 125 14 127 5 64 6 97 6
CHB-2 86 12 70 .17 34 26 77 8
DF-1C 7l 107 5 85 19 100 17 97 8
TR g~~~ 104 1z 93 9 98 18 74 11

Spike Leveld -- 500 mg/kg

TBY DBT MBT TTBT
Sediment %Recovery %RSD %Recovery 3RSD  %Recovery %RSD  %Recovery %RSD
CHB-1 110 3 127 2 62 4 92 4
CHB-2 87 2 85 2 50 8 80 3
DF-1 67 7 60 1 75 1 59 3
TR 83 25 70 7 63 19 74 20

a Recovery is reported as the average of four replicate determinations.
Recovery is calculated from the formula Xd/Xa, where Xd is the amount of
analyte determined in the sample, and Xa is the amount of analyte added to
the sample. %RSD is the relative standard deviation of the replicate
determinations, defined as ¢/X * 100, where X is the mean of the
determinations and ¢ is the standard deviation of the mean.

b Spike leve

[¢)

Spike level is 25 ug/kg.
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TABLE 7. METHOD DETECTION LIMIT (MDL) FOR BUTYLTIN SPECIES IN SEDIMENT
: WHEN USING GAS CHROMATOGRAPHY WITH FLAME PHOTOMETRIC DETECTION

------------ BG/KG =ecccccncan=

TBT DBT MBT TTBT
od 0.084 0.190 0.096 0.042
MDLD 0.252 0.570 0.288 0.126
LCLE 0.166 0.376 0.190  0.083
ucLd 0.512 1.163 0.588  0.255

aStandard deviation of the mean of eight determinations, in ug/kg.
Concentrations expressed on a wet weight basis.

bMethod detection limit, in ug/kg wet weight. Defined as txo, where t is the
Student's-t statistic at the 99 percent confidence limit for the number of
measurements at n-1 degrees of freedom, and ¢ is the standard deviation of
the mean for the determinations. For 8 measurements, t = 2.998.

CLCL Lower confidence limit, in ug/kg wet we1ght. Lower 95 percent
confidence limit, defined as 0.66 x MDL.

dycL Upper confidence limit, in pg/kg wet weight. Upper 95 percent
confidence limit, defined as 2.04 x MDL.
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Drain overlying water from sediment, Weigh 100 g sediment Into
a Teflon jar.

1
|

Centrifuge sediment at 1500 RPM for § min. Disposs of water,

Add recovery internal standard (RIS) TPT.

[

i

Add 25 mi. distiled water snd 5 ml 48 % HBr .

Shake for 1 hour.

Add 80 mL 0.05 % tropolone in toluene.

Shake for 1 hour,

Centrifuge mixture at 1500 APM for 5 min. Separate toluene from water using
separatory funnel. Retum water to sample jar.

Yes

extraction? =
\r:i;

1]

Combine organic extracte, and dry over Na2SQ0s for 30 min.

T

™

S

FIGURE 1. FLOWCHARY FOR THE AMALYSIS OF BUTYLYIR SPECIES IN SEDIMENTS.
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DERIVATIZATION AND CLEANUP

Sample Derivatization

Extract Cleanup

Rotary evaporate toluene, and exchange for
hexane. Reduce to final volume of 10-25 mL.

Prepare cleanup column. Add 16 g Florisil and
7 g 1% deactivated silica gel in 22 mm i.d.
column. Pre-wet with hexane.

Derivatize organotins. Add 5 mL of 1.9M

n-pentylmagnesium bromide. React 15 min.

Apply sampie extract. Elute with 100 mL
hexane. Collect eluate ina 250 mL
Kuderna-Danish apparatus.

Quench reaction. Add S0 mL distilied water and
5 mbL 10 N H2804,

Reduce volume of eluate to ca. 4 mL by K-D
in a 90-100* water bath.

Coliect organic phase, and reduce in voiume to
ca. 4 mL.

FIGURE 1 (cont).

Add the quantitation internal standard (QIS)
DPT.

Concentrate to a final volume of 0.5 mL by
nitrogen gas evaporation.

Submit sample for GC/FPD analysis.

FLOWCHART FOR THE ANALYSIS OF BUTYLTIN SPECIES IN SEDIMENTS.
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GO/FPD ANALYSIS

F}epare calibration standatds containing TBT, DBf ,7 MBT, TTBT,
DPT, and TPT.

i

Establish GC operating conditions. 30-m DB-5 capiliary column,
He carrier, Oven Program: 60° C 1 min. 20° C/min to
250°C hold 4 min. FPD: 610 nm cutoff filter.

l

A
\

A

Calibration

Establish retention times (RT); Analyze MID-evel standard
3 times, calculate mean RT for each compound in standard.
' AT window is 30 of mean RT.

i

Establish working calibration curve. Use 3-point calibration curv
1o bracket expected TBT concentration in samples.

|

Calcuiate response factor (RF) for each compound relative to the
internal standarg DPT.

" Percent relative deviation Perform necessary
~._ (%RSD)foreachanaiyte -~ maintenance

RFs30%?

FLOWCHARY FOR THE GAS CHROMATOGRAPHIC ANALYSIS OF
BUTYLTIN SPECIES IK SEDIMENTS.
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GC/FPD ANALYSIS
Sample Analysis
. Yes
12 samples since last Analyze a MID-level standard
No
- Yes -
RF’s within 30% of
initial RF's ?
Inject 2-5 ul of sample extract
using Grob splitless technique
Perform necessary
maintenance

Does analyte level
axceed calibration

Dilute extract and reanalyze @

Calculate concentration of each
analyte using method of intemnal
standards

FIGURE 2 (cont). FLOWCHART FOR THE GAS CHROMATOGRAPHIC ANALYSIS OF
BUTYLTIN SPECIES IN SEDIMENTS.
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File >00828 CHaz nev N@959-2602 Scan 882
Bpk Ab 1865. sus 11.12 min.
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FIGURE 4. FULL SCAN MASS SPECTRUM OF THE n-PENTYL DERIVATIVE OF MONOBUTYLTIN.
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File >88023 cCH23 0BT N@959-2682 Scan 828
Bpk Rb 1838, SUB 18.86 sin.
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FIGURE 5. FULL SCAN MASS SPECTRUM OF THE n-PENTYL DERIVATIVE OF DIBUTYLTIN.
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File >80026 CH24 TBT N8959-2682 Scan 776
Bpk Rb 1241. suUB 18.17 min.
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FIGURE 6.

FULL SCAN MASS SPECTRUM OF THE n-PENTYL DERIVATIVE OF TRIBUTYLTIN.
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File >88827 CH2B T4T H@955-2682 Scan 719
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FIGURE 7.

FULL SCAN MASS SPECTRUM OF TETRABUTYLTIN.
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File >80829 CH27 TPT Ne959-26082 Scan 616
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FIGURE 8. FULL SCAN MASS SPECTRUM OF THE n-PENTYL DERIVATIVE OF TRIPROPYLTIN.
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FIGURE 9. FULL SCAN MASS SPECTRUM OF THE n-PENTYL DERIVATIVE OF DIPROPYLTIN.
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GC/FPD CHROMATOGRAM OF THE n-PENTYL DERIVATIVE OF MONOBUTYLTIN.
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FIGURE 11.

GC/FPD CHROMATOGRAM OF THE n-PENTYL DERIVATIVE OF DIBUTYLTIN.
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FIGURE 12. GC/FPD CHROMATOGRAM OF THE n-PENTYL DERIVATIVE OF TRIBUTYLTIN.

0019-6150-N 4aquny 323({oud 3| [333eg

-



0€1 40 €8 3bed

Jetrabutyltin

]
b
8
[:]
[« W
By
£
g
ol .
£y
&
-]
)
=4
£
€3
H
x £
£,
&
88
a8
@
® a
S T B S T A T T A
4 2 3 4 ] [ 7 a 9 {0 i i2 13 14 15 16 7
Elution Time Minutes

FIGURE 13. GC/FPD CHROMATOGRAM OF TETRABUTYLTIN.
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FIGURE 14. GC/FPD CHROMATOGRAM OF THE n-PENTYL DERIVATIVE OF TRIPROPYLTIN.
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GC/FPD CHROMATOGRAM OF TEST SEDIMENT CHB-1.

FIGURE 16.



er‘mwmw“

A3388-20-7

(ve"8)

Battelle Project Number N-0519-6100

, . -
(EL°0%) 18 S
-]
(92°0%) L8 x
: -2
(8L°6) 18l
{6E°6) 140 P
22'6) 1
-
1dl — ]
L

" g2 22 v 02 6% 6%

ﬂuﬁo>.

"Ly 9y or ¥y oev 25 s 6% b B L B &

v 1 v I v T v v
1 2 3
Elution Time
FIGURE 17. GC/FPD CHROMATOGRAM OF TEST SEDIMENT CHB-2.

asuodsey Jo33838Q

Page 87 of 130



0ET 40 8y abey

2,

i

avalts

p B4

l98

iy

s I8, 1 747

7.3

847

i Asﬁg‘ 3 713.

A3388-23-2

Datector Response

L85,

{8.33)
{8.39}
“TBT {8.77}
DBT {40.28!

Pl

0. o1

TTBT {9.24)

MBY {40.73)

§

i

] N ] ’ 1 d L i ] d J M ¥ Y ¥ v i ¢ 1

i ‘
Elution Time Hinutes

FIGURE 18.

GC/FPD CHROMATOGRAM OF TEST SEDIMENT CHB-1 FORTIFIED WITH MBT, DBY, TBT AND TTBT AT THE
50 pg/Kg PER COMPONENT LEVEL.
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FIGURE 20.

GC/SIM EXTRACTED ION CHROMATOGRAM FOR SEDIMENT PS.

I0K TRACE ORE

(TOP) IS TTBT, ION TRACE TWO IS TBT, ION TRACE THREE IS DBT, AND ION

TRACE FOUR (BOTTOM) TRACE IS MBT.
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FIGURE 21. BULK SEDIMENT STORAGE EXPERIMENTS: RELATIVE STABILITY PLOT FOR TBT.
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FIGURE 22. BULK SEDIMENT STORAGE EXPERIMENTS: RELATIVE STABILITY PLOT FOR DBT.
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FIGURE 23. BULK SEDIMENT STORAGE EXPERIMENTS: RELATIVE STABILITY PLOT FOR MBT.
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PROTOCOL

Title: “Measurement of Butyltin Species in Sediments by n-Pentyl
Derivatization with Gas Chromatography/Flame Photometric Detection
(GC/FPD) and Optional Confirmation by Gas Chromatography/Mass

Spectrometry (GC/MS)"

Sponsor: Consortium of Tributyltin Manufacturers
M&T Chemicals, Inc., Woodbridge, New Jersey
Sherex Chemicals Company, Inc., Dublin, Ohio

Testing Facility: Battelle Ocean Sciences
397 Washington Street
Duxbury, Massachusetts 02332

Project Number: N-0519-6101

Proposed Experimental Start Date: May 16, 1988
Proposed Experimental Completion Date: September 16, 1988

Signatures:

A A .
Allen D. Uhler, Ph.D. Date Rick Cardwell, Ph.D. Date
Study Director Envirosphere Company

Battelie (cean Sciences

Battelle Ucean Sciences

I S s

P Witliam G. Steinhauer Date
Associate Section Manager
Battelle Ocean Sciences
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1.0 OBJECTIVES

The Consortium of Tributyltin Manufacturers has requested Battelle to
refine and validate an analytical method for the determination of trace
levels of butyltin species in sediments. The method will be amenable to the
analysis of tributyltin (TBT), and its degradation products dibutylitin (DBT)
and monobutyltin (MBT), as well as the TBT manufacturing impurity
tetrabutyltin (TET). The method must meet all criteria of the Pesticide
Assessment Guidelines-Subsection D (1982) of the U.S. Environmental
Protection Agency (EPA) Pesticides Programs, and development and validation
activities must adhere to EPA Good Laboratory Practices (40 CFR Part 160).

2.0 TECHNICAL APPROACH

The development of the method for analysis of butyltin species in
sediments will be based on solvent extraction of the butyltins from sediment,
followed by n-pentyl derivatization of the extracted butyltin species,
Florisil column cleanup of the extract, and quantitative determination of the
butyltins by gas chromatography/flame photometry (GC/FPD). An optional

analyte confirmation step by gas chromatography/mass spectrometry (GC/MS) is
presented.

The method development will be carried out in four phases:

* Reconnaissance Experiments

* Method Detection Limit, Recovery,'and Precision Determinations
* Field Sample Verification
* Storage Experiments.

Below, the analytical method is p}esented, followed by a description of
each phase of work.
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2.1 TEST SUBSTANCE IDENTIFICATION

substance . CAS Number
Tributyitin chloride 1461-22-9 TBT
Dibutyltin dichloride 683-18-1 DBT
Monobutyitin trichloride 1118-46-3 MBT
Tetrabutyltin 1461-25-2 TET

The proposed method for the determination of butyltins in sediments is
based on a procedure presented by Rice et al.

will allow for implementation in a monitoring laboratory environment. The

method is described below.

the reconnaissance phase of this study.

Lad
o

2.2.1 Extraction

Approximately 100 g of sediment are separated from any
overiying water by decantation. The sediment is transferred to
a tared Teflon jar and weighed to the nearest 0.1 g by using a
top loading balance. The sample is centrifuged for 5 min at
1500 rpm, any resulting water decanted, and the jar weighed to
determine the final sediment weight.

Next, 150 miL 0.05 percent tropolone in 1:1 methylene chloride:
acetone is added to the sample. One mL of the appropriate
concentration quantitation internal standard (QIS) tripropyltin
chloride (TPT) is added. The bottle is capped, and agitated on
a shaker table for a minimum of 12 h. :

After this period, the bottle is removed from the shaker table,
and centrifuged at 1500 rpm for 5 min to separate the sadiment
from the solvent. The solvent is decanted inte an Erienmeyer
flask. Another 150 miL of 0.05 percent tropclone in 1:1
methylene chloride:acetone is added to the sediment, and the
extraction is repeated for a minimum of 4 h.

After this period, the mixture is again centrifuged at 1500 e’ ]
for 5 min, and the solvent decanted and added to the Erlenmever
flask. Next, the sediment is extracted with 150 mL 0.05
percent tropolone in hexane. This mixture is extracted on the
shaker table for a minimum of 8 hours.
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After this period, the mixture is centrifuged at 1500 rpm for 5
min, and the solvent decanted and combined with the methylene
chloride:acetone in the Erlenmeyer flask. '

This solvent mixture is transferred to a round-bottom flask,
and reduced in concentration to approximately 20 mL. The
resulting solution is dried over approximately 40 g of sodium
sulfate for about 30 min.

2.2.2 Derivatization
Lacec UGTivatization

The extracted TBT, DBT, MBT, and the QIS TPT are converted to
the corresponding n-pentyl derivatives by adding 2 mL of n-
pentylmagnesium bromide to the mixture, and allowing the

reaction to proceed at room temperature for a minimum of 15
min.

The reaction is quenched by adding 10-20 mL 10 N sulfuric acid
to the flask, and mixing until any precipitate has dissolived.
The mixture is transferred to a 250-mL separatory funnel, and
the phases allowed to Separate. The lower aqueous phase is
drawn off and discarded.

In preparation for column cleanup, the hexane phase is
collected and reduced in concentration to approximately 1-2 mL
by nitrogen gas evaporation.

2.2.3. Florisil-Silica Gel Column Cleanup

If gel permeation chromatography is required, procedures presented in

Section

1.

rmm.
(9%
.

2;2.4 are followed.

A Florisil-silica cleanup column is prepared by dry packing a
22-mm i.d. chromatography column with 16 g PR-grade Florisil,
toppina with 7 g 1 percent deactivated silica gel and 2 g

;odium sulfate. The column is prewet with a minimum amount of
exane,

The sample is applied to the top of the column, eluted with
150 mL hexane, and collected at a flow rate of -4 mL/min.

The eluate is transferred to a Kuderna-Danish apparatus, and

reduced in concentration to < 4 mL. The final extract is

reduced in volume to approximately 0.5 mL by nitrogen gas

evaporation, and 100 xlL of the recovery internal standard (RIS)
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dipropyldipentyitin (PPT) is added. The sample is transferred
to a gas chromatography autosampler vial, and submitted for
analysis.

2.2.4 Optional Gel Permeation Cleanup

If sediments contain large quantities of hydrocarbons or other organic

kmatter, gel permeation chromatography (GPC) may be used to cleanup extracts

prior to Florisil chromatography. Gel permeation chromatography is proposed
as a cleanup step if the extracted lipid weight of the sediment exceeds
approximately 5 mg/g.

€

1 9%

(Y]
@

&n
o

A GPC column is prepared by adding 80 mL swelled Sepahdex LH-20
(swelled overnight in 6:4:3 gy@!@hex&n%:metﬁ&m&!smethy%eﬂe
chioride) to a 19-mm i.d. Chromatography column.

The column is calibrated when made by applying a mixed butyitin
standard (n-penty! derivatives of MBT, DBT, TBT as well as TET)
to the column, collecting l-mL eluate fractions, and analyzing

the fractions by GC/FPD. The elution volume for the butyltins

is determined from these calibration data.

The volume of the hexane sediment extract is reduced to 1-2 mL
by nitrogen gas evaporation. The extract is then filtered
through a 0.4-uM glass fiber filter and applied to the GPC
column.

The column is eluted with 6:4:3 cyclohexane:methano?:methy}ene
ch}?ride, and the fraction that contains the butyltin compounds
collected. .

The eluate is transferred to a Kuderna-Danish apparatus and
reduced in volume to < 4 mi,

The sample is reduced in volume to approximately 0.5 mL by

nitrogen gas evaparation, transferred to a gas chromatography
autosampler vial, and submitted for Florisii cleanup.

2.2.5 Optional Sulfur Cleanup

Sulfur will be removed from sediment extracts by using activated copper
prior to Florisil or GPC column cleanup.
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Activated copper is prepared no more than 1 hour before sample
cleanup by mixing approximately 20 g of copper turnings with 5
mL 6N HC1 in a 50-mL beaker. The mixture is stirred until the
copper turns pink. The copper is successively washed with 50-
mL aliquots of reagent water, methanol, methylene chloride, and
hexane.

Prior to chromatographic cleanup, approximately 5 g activated
copper is added to sample extracts. The solution is shaken
gently for 2-3 min. If sulfur is present, the copper will
turn black. Small amounts of copper are continually added
until the copper remains pink. The extract is decanted from
the copper and submitted for chromatographic cleanup.

2.2.6 Gas Chromatography/Flame Photometry (GC/FPD)

A Hewlett-Packard 5890 gas chromatograph (GC) is fitted with
a 30-m 0B-5 capillary column (JaW Scientific, Inc.), using
Helium as the carrier gas at 30a2 cm/sec linear velocity. The
injection port temperature is set at 250°C. The flame
photometric detector (FPD) is fitted with a 610-nm band-pass
filter for tin-selective detection. The FPD is operated at
250°C, with an air flow of 40 mL/min and a hydrogen flow of
100 mL/min. During analysis, the GC oven is held at 60°C for
1 min after injection, then temperature programmed to 250°C
at 20°C/min, with a final hold time of 5 min. Data from the
GC/FPD will be acquired using a chromatography data
acquisition system from Beckman Inc.

The GC/FPD is calibrated prior to analysis of samples by means
of three-point calibration curves. Response factors for each
analyte will be calculated using the method of internal
standards, with TPT as the internal standard. These
calculations will be performed by computer algorithms that are
part of the chromatography data acquisition/reduction system.

Samples are analyzed and quantified relative to the internal

standard TPT. Results are reported in terms of nanograms
butyltin per kilogram sediment (ng/Kg).

2.2.7 Gas Chromatography/Mass Spectrometry Confirmation

A Hewlett-Packard 59708 quadrupole mass spectrometer is fitted
with a 30-m DB-5 capillary column (J&W Scientific, Inc.). The
mass spectrometer is operated with a source pressure of 5-7 x
10-5 torr. During analysis, the GC oven temperature is held
for 1 min at 60°C then programmed to 250°C at 20°C/min, with a
4-min final hold time. The mass spectrometer is operated in
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Compound Ions
TPT 121 165 235 277
MBT 119 121 193 319
DBT 119 121 249 319
18T 119 121 249 308
TET 119 121 235 291

The ions that are underlined are extracted and used for
quantitation. The GC/MS is calibrated prior to analysis of
sampies by using three-point calibration curves. Response
factors for each analyte will be calculated using the method of
internal standards. These calculations will be performed by
computer algorithms that are part of the mass spectrometry

data acgquisition/reduction system.

¢. Samples are analyzed and quantified relative to the internal
standard TPT. Results are reported in terms of nanograms
butyltin per kilogram sediment (ng/Kg) .

2.2.8 Sediment Characterization

Sediments used in this study will be characterized in terms of grain
size, total organic carbon content (TOC), and total extractable tin content.
The analysis for grain size and TOC will follow general procedures as
presented by EPA (Plumb, 1981). Extractable tin will be determined
following EPA procedure 7810 (EPA, 1986). Sediment dry weights will be
determined for all test sediments.

2.3

)

HASE 1: RECONNAISSANCE EXPERIMENTS

The performance of the analytical method will be tested and refined as
necessary by performing a series of experiments with sediments collected
from the Chesapeake Bay area. The objective of these experiments is to
address the potential interferences in the analysis of butyltins due the
presence of hydrocarbons (0i1) and elemental sulfur. Phase 1 of Table !
summarizes the reconnaissance experiments to be performed.
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TABLE 1. SUMMARY OF TASKS FOR METHOD VALIDATION

“

Phase i, Racsamsiszance Experisenta

Level (nq/kq) CHB-1 CHB+PBC CHBeS
Asbiont 4 ’ ]
5,508 ” '
Blanks 2 2 1

Phass 2. Vethad Dekactien Linit, Racovery, and Precisien

Levei (ng/kq) CHB-1 CHB-2 DR-1 Blanks
Asbient - 4 4b 1
5a8 4 4 4 1
5,008 - 4 4 1
58,588 4 4 4 1
538,808 6_ ¢ 4 1
Phass 3. Fieid Saapie Verification
Level (ng/kq) KR - PS =] 8I
Asbient sb,e  ab,c 8b,¢ 8b,c
Blisnks 2 2 2 2

Phase 4. Starage Experinenta

Sassie Type Nusber of Ansiyses

Authentic sesisent § 1 2 duplicatas

Sedisent extracts § 2 2 duplicates
 ___

CHB+PECaCHB-1 - 13 89/g crude oil

CHBeSaCHB~1 + 13 8g/g elemental syifur

CHB~1 = Chesspeake Bay sedisent (c3. 15,0808 Hg/g TGC)

CHB-2 = Chesapesie Bay sedinent (ca. 39,008 Hg/g TOC)

DR = sedisent fros Detroit River, ML

HR = sedisent fros Haapton Rosda, YA -

PS = sedisent to be coilected by Envirosphers Co.
from Puget Sound, A and sent to Battetle

G3 = sedinent fros Gaiveston Bay, TX

Bl = sedisent fros Beile Isie, MI

a4 florisil, 4 GPCotlorisi}

bagrain size, TOC, and Sn by CVAA (hydride)
cwsethod of standard addition, 3 level addition
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To evaluate the effect of high levels of hydrocarbons on the performance
of the analytical method, Chesapeake Bay sediments will be fortified with
butyitins at approximately the 5000-ng/Kg level, and then contaminated with
crude o1l at a level of approximately 10 mg oil per gram of sediment. The
effectiveness of two steps-~Florisil and sequential GPC-Florisil--for the
cleanup of these heavily contaminated sediments will be evaluated by
subjecting contaminated sediment extracts to Florisil column cleanup only, as
well as combined GPC-Florisil cleanup. The results from these two cleanup
techniques will be contrasted and evaluated in terms of the quality of gas
chromatography analysis and the overall recovery of the butyltins of sediment
extracts subjected to the two cleanup procedures. .

To evaluate the effect of high levels of sulfur on the performance of
the analytical method, Chesapeake Bay sediments will he fortified with
butyltins at approximately the 5000-ng/Kg level, and contaminated with
elemental sulfur at a level of about 10 mg sulfur per gram of sediment. The
effectiveness of elemental copper for the removal of sulfur from contaminated
sediments will be evaluated. Sulfur-contaminated sediment extracts will be
subjected to Florisil column cleanup as well as to pre-column cleanup sulfur
removal using activate copper. The results from these two cleanup
techniques will be contrasted. If the copper cleanup is unsatisfactory,
elemental mercury and tetrabutylammonium sulfite will be evaluated as
alternative sulfur removal procedures.

To evaluate method performance, a2 series of experiments, designated as
in Table 1, will be conducted to evaluate method performance using
three different sediments at four butylitin spike levels. Replicate
experiments (four per level) at each spike level for each sediment type will
be performed. Based on these data, method performance will be determined.

At each level, the recovery of the analytes will be reported. At each spike

i - g o 3
Phase 2

bl

ievel, reproducibility of the method will be determined and reported as the
percent relative standard deviation of the mean of the replicate
determinations. A
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The method detection limit (MDL) for each butyltin compound will be

determined using the recovery data at the lowest spike level (500 ng/Kg).
The MDL is defined as the minimum concentration of a substance that can be
measured and reported with 99 percent confidence that the analyte
concentration is greater than zero. The MDL is calculated using the
equation:

MOL = t x ¢
where o is the standard deviation of the results of replicate measurements
for an analyte, and t is the student-t statistic for the number of
measurements,

2.5 PHASE 3: FIELD SAMPLE YERIFICATION

The analytical method will be tested by analyzing field-collected
sediment samples from areas with suspected butyltin contamination. Table 1,
Phase 3, lists the sediments to be tested. Each sediment will be analyzed
using the proposed method (single-point analysis), and using the method of
standard additions to evaluate if matrix effects are systematically biasing
the results of single-point analyses. For each sediment type, two four-level
standard addition analyses will be performed. The results of the standard
addition analyses will be compared to the single-point analyses and will
provide verification of the method performance. If a butylitin compound is
suspected to be present in a sediment (by virtue of the GC/FPD results), a

GC/MS analysis will be performed to provide structural confirmation of the
residue. '

2.6 PHASE 4: STORAGE EXPE#IMENTS

The stability of butyltins in archived sediments and sediment extracts
will evaluated over a 4-week period. Sediment subsamples (100 g) will be
fortified at the 5000-ng/Kg level and stored in a freezer. At the time of
the initial spiking, and at weekly intervals for 4 weeks, the sediments will
be extracted and analyzed.

The stability of butyltins in archived sediment extracts will be
evaluated. Sediment samples will be fortified at the 5000-ng/Kg level,
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extracted, derivatized, and stored in a freezer for 4 weeks. At the time of
the initial spiking, and at weekly intervals for 4 weeks, the sediment
extracts will be analyzed. |

The stability of the butylitin analytes in both experiments will be
determined by measuring the absclute and relative changes in concentration of

the butyltin compounds.

2.7 SEDIMENTS AND SEDIMENT SAMPLING

Ouring the course of this study, three sediments from the Chesapeake
Bay, one from the Belle Isle region of the Detroit River, Detroit, Michigan,
cne from Galveston Harbor, Galveston, Texas, and one from Puget Sound,
Washington, will be collected (Table 1).

The Chesapeake Bay sediments to be used in Phase 1 and Phase 2 of this
study (CHB-1 and CHB-2) will have two different organic carbon contents.
Sediment CHB-1 will have an organic carbon content of about 1 percent,
whereas CHB-2 will have an organic carbon content of about 3 percent.
Selection of sampling sites in Chesapeake Bay for these two sediments will be
based on chemical and physical reconnaissance data from the National Oceanic
and Atmospheric Administration (NOAA) Mational Status and Trends Mussel Watch
Program.

In all cases, sediments will be obtained using either a Teflon scoop or
@ van Veen grab sampler. At each sampling locatiom, the top 2 cm of sediment
will be collected and transferred to Teflion sampiing jars. Sampling jars
will be labeled with a project number, sampling date, location, and the name
of the person who collected the sediment. Samples will be shipped on ice
and kept frozen until used. Sample collection log sheets conmtaining this
information will be stored as a permanent record in the study data log book.
Battelle will collect sediments in Chesapeake Bay, Detroit River and
Galveston Harbor. Envirosphere will collect sediment from Puget Sound.

3.0 QUALITY ASSURANCE APPROACH

The method development and validation work described in this protocol
will be conducted under EPA Good Laboratory Practices (GLP) rules and
Page 110 of 130
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regulations, and monitored by a Quality Assurance Unit (QAU) experienced in

environmental programs. The Battelle program currently meets the
requirements for Good Laboratory Practices compliance under the Toxic
Substance Control Act (TSCA) and the Federal Insecticide, Fungicide, and
Rodenticide (FIFRA) GLPs including environmental and chemical fate studies.

During this program the QAU will monitor and review protocols and
standard operating procedures (SOPs) to assure compliance with appropriate
regulatory specifications, audit the conduct of the study and the final
reports to ensure data integrity and accurate reporting, and manage on-site
archival of all raw data generated during the course of this study. QAU
record-keeping and management activities such as maintenance of the Master
Schedule Sheets and SOPs (both required under EPA GLP) are routine
activities.

In the laboratory, all reagents will be logged into a record book. Lot
number, purity, and chemical descriptions will be recorded. Standard
preparation activities will be logged and the records maintained in separate
three-ring binders. All chromatograms generated will be labeled and archived
both as hard copy and on magnetic tape.

Access to all chemicals, calibration solutions, and reference materials
will be controlled. Chemicals will be stored in locked cabinets, and
solutions will be kept in a locked refrigerator. Balances used to weigh
standard materials will be calibrated according to standard procedures. All
purchase orders related to this task will be retained for reference.

Permanent archival of all raw data generated during this study is
mandatory. At the conclusion of the study, these data will be archived
indefinitely in Battelle's access-restricted facility according to the
requirements of Battelle's GLP program. Test substances used in this study
will be archived at Battelle Ocean Sciences.

4.0 REPORTING OF RESULTS

Monthly progress reports will be submitted to the client, describing
activities completed, problems encountered and their solutions, and a
projection of the next month's work.
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At the complietion of the study, a Draft Fina

to the client.
information:

10.
11.

mded ol
Battell

Dates on which the study began and ended.
Name and address of the testing laboratory.

Location where tests were conducted.

Name of Study Director and other supervisory personnel.

Signatures of senior personnel responsible for the
study.

A full description of the experimental design and
procedures, including the test equipment used, and
descriptions of any deviations from protocol and
their impact on the study.

Identification of the test substances used.

Test sediment sampling information and data.

Characterization of the test sediments (percent
organic carbon, grain size analysis).

Results of reconnaissance experiments.

Results of MDL, recovery, and precision experiments.
Results of the field sample verification experiments.
Results of the storage experiments.

Detailed, step-by-step description of the analytical
method.

Mathematical equations used in evalu
data.

Summary, conclusions, and recommendations of the
study.

List of personnel involived with the study.
Quaiity Assurance Statement.

GLP Compliance Statement.
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20.  Location where all data, reports, and chemicals are

archived.
The Draft Final Report will be reviewed by the client, and the comments
returned to the Study Director. Based on the review comments of the Draft
Final Report, a Final Report will be produced and submitted to the client.

5.0 PROJECT SCHEDULE

Table 2 presents a milestone and time schedule for this study. The
time frame for this study is 4 months from initiation of the study to
submission of the Draft Final Report.

6.0 PROGRAM ORGANIZATION

Oversight of this study will be provided by Mr. William Steinhauer,
Associate Section Manager of Battelle's Marine Chemistry and Geochemistry
Section. Or. Allen Uhler will be the Study Director, overseeing day-to-day
activities in the laboratory and reporting project progress directly to Mr.
Steinhauer. Laboratory work, which includes standard and sample preparation,
analyses, log book maintenance, and other elements of laboratory quality
control, will be the responsibility of appointed. laboratory technicians. Ms.
Oebra McGrath of the Quality Assurance Unit will monitor the study and report
findings to the Study Director, Laboratory Management, and Ms. Patricia 0.
Royal, Manager of the Quality Assurance Unit.

7.0 REFERENCES

Plumb, R.H. 1981. Environmental Protection Agency/Corps of Engineers
technical committee on criteria for dredged and fil} material.
Procedures for handling and chemical analysis of sediment and water

Rice, C., F. Espourteille, and R.J. Huggett. 1987. A method for the
analysis of tributylitin in estuarine sediments and oyster tissue,
Crassostrea virginica. App. Organomet. Chem. 1:541-544.

United States Environmenta] Protection Agency. 1986. Test methods for
evaluating solid wastes. Office of Solid Waste and Emergency Response,
Washington, DC.
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Amendment 1
Project No. N-0519-6101
Page 1 of 5 )

Date: July 21, 1988

Subject: Amendment 1 to "Measurement of Butyltin Species in
Sediments by n-Pentyl Derivatization with Gas
Chromatography/Flame Photometric Detection (GC/FPD) and
Optional Confirmation by Gas Chromatography/Mass
Spectrometry (GC/MS)*"

ORIGINAL METHOD

See Analytical Method, section 2.2, in Protocol. The
subsections which are altered.are: .

2.2.1 Extraction

2.2.2 Derivatization

2.2.3 Florisil-silica Gel Column Cleanup
2.2.4 Optional Gel Permeation Cleanup

NEW METHOD (CHANGES) .

2.2.1

1.

Extraction

Approximately 100 g of sediment is separated from any
overlying water by decantation. The sediment is
transferred to a tared Teflon jar and weighed to the
nearest 0.01 g by using a top loading kalance. The
sample is centrifuged for 5 min. at 1500 rpm, any
resulting water decanted, and the jar weighed to
determine the final sediment weight.

Add the appropriate amount of quantitation internal
standard (QIS) tripropyltin chloride (TPT) to the
sediment sample. Next, add 25 mL of DI water, and
enough HBr to make the solution 10 % in HBr
(approximately 5 mL of 48% HBr). The bottle is
capped, and agitated on a shaker table for 30 min.

Add 60 mL toluene:0.05% tropolone to the slurry and
extract by shaking on a shaker table for 30 min.

After this period, the bottle is removed from the
shaker table, and centrifuged at 1500 rpm for 5 min.
to separate the sediment from the aqueous and organic
phases. The agueous and organic phases are poured
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into a separa?swy funnel, and separated. If phase
separation is esmplicated by emulsion formation, then
add 10 to 20 mL hexane, after removing as much organic
phase extract as possible to an Erlenmeyer flask,
shake, centrifuge, and separate phases again. The
agqueous phase (and any emulsion) is poured back

into the sediment, and the organic phase is saved in
an Erlenmeyer flask.

The extraction is repeated with 60 mL toluene:0.05%
tropolone by shaking on a shaker table for 30 min.
The sample is centrifuged, and the phases separated.
The two organic extract portions, and any residual
emulsion, are combined, and dried over approximately
40 g sodium sulfate fcr about 30 min.

S

The extract is transferred tc a round-~bottom flask,
and reduced in concentration to approximately 10 mlL by
retary evaparatlca@ The extract is then seolvent
exchanged by adding approximately 30 mL of hexane and
concentrating to between 10 and 15 mL by rotary
evaporation.

Derivatization

The extracted TBT, DBT, MBT, and the QIS TPT are
converted to the corresponding n-pentyl derivatives by
adding 5 mL n-pentylmagnesium bromide solution (1.9 M
in ether) to the mixture, and allaw;ng the reaction to
proceed at room temperature for a minimum of 15 min.

The reaction is quenched by slowly adding 50 mL DI
;ater, and 5 mL of 10 N sulfuric acid, and swirling
the flask until any precipitate has dissolved, The
mixture is then transferred toc a 250 mL separatory
funnel, and the phases allowed to separate. The lower
acueous phase is drawn off and discarded.

in preparation for column cleanup, the hexane phase

is collected and reduced in concentration te
approximately 1 te 2 mL by evaporation under a stream
of nitrogen.

Florisil-Silica Gel Column Cleanup

The only change is the use of 100 mL (rather than 150
mL} of eluant,
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Optional Gel Permeation Cleanup

Gel Permeation Cleanup (GPC) is not performed on a
routine basis. GPC is only done on samples which need
this additional cleanup, and is performed following
Florisil-Silica Gel cleanup.

Column Preparation

Solvent rinse a 19-mm i.d. chromatography column once
with acetone, twice with methylene chloride, and once
with hexane.

Add 10 mL 6:4:3 cyclohexane:methanol:methylene
chloride and a 5.to 10 mm glass-wool plug. 'Tap the
plug with a glass rod to remove any bubbles.

Add about 1 mL of sand to the column, and tap the
column gently so that the sand forms a smooth layer on
top of the glass wool.

Pour about 80 mL swelled Sephadex LH-20 (swelled

overnight in 6:4:3 cyclohexane:methanol:methylene
chloride) into the column, until the gel fills the
column to about 1/4 of the top, rounded reservoir.

Allow the Sephadex gel to settle for 10 minutes.

Open the stopcock and elute 80 mL of solvent to ensure
firm packing. Add more soclvent as needed. Leave
approximately 30 mL of solvent in the column
reservoir, cover with aluminum foil and allow the
packing to settle overnight.

Elute 10 mL of solvent. Remove the excess Sephadex
gel from the top with a pipet until the height of the
gel in the column is 26.5 cm.

Add about 1 mL of sand onto the gel so that it forms
an even layer on top.

Examine the packing for air bubbles. If bubbles are
present, elute with about 250 nL of warm solvent. If
bubbles persist, repack the column.

Column Calibration with Azulene/Perylene

Place a 100 mL graduated cylinder beneath the column.

Using a pipet, carefully remove any excess solvent
from the top of the column gel packing.
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3. With a pipet carefully apply 2 mL of the
azulene/perylene calibration solution down the column
wall so as not to disturb the packing.

4, Open the stopcock and drain to the top of the packing.

5. Add about 0.5 nL 6:4:3 cyclohexane:methanol:methylene
chloride soclvent to the top of the column. Drain teo
the packing top. Repeat with an additional 0.5 nL
selvent.

6. Add 100 ml solvent, and open the stopcock.

7. Elute the column until all of the perylene has
emerged. Azulene will slute first and themn perylene,
both of which are clearly visible as colored bands on
the column. Record the volumes at which the azulene
and perylene begin and finish eluting.

8. If the azulene emerges in the 50-65 mL range, and the
perylene elutes in the 60-80 mL range without distinct
tailing on the packing, the column passes the
azulene/perylene calibration.

9. Discard the eluate. Flush the column by eluting 50
mL of the 6:4:3 solvent through the column. Discard
the eluate.

C. Ceclumn Conditioning

1. Add 1 nL 6:4:3 solvent to 1 g Crisco vegetable oil in
a 4 mL vial. Carefully add the oil onto the column
and drain to the top of the gel packing.

2. Rinse the vial with 0.5 mL 6:4:3 solvent, add to the

column, and drain to the top of the gel packing.

. T s
Repeat with an additicnal 0.5 ml of 6:4:3 solvent.

3. Elute 150 mL 6:4:3 sclvent through the column.

4. The column is now ready for a sample.

D. Sample Loading and Cleanup Procedure

1. Carefully add the sediment extract sample, which has
been reduced in volume tc between 1 and 2 mL by
concentrating it under a stream of nitrogen, te the
calibrated and conditioned cclumn. Drain to the top
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of the column packing.

2. Elute the column with 100 mL 6:4:3
cyclohexane:methanol:methylene chloride. This eluate
includes the butyltin compounds

3. Transfer the eluate to a Kuderna-Danish apparatus and
" concentrated to < 4 mL. Reduce the sample to a final
volume of approximately 0.5 mL by nitrogen gas
evaporation. The recovery internal standard (RIS)
dipropyldipentyltin (DPT) is added, and the sample is
transferred to a gas chromatography (GC) autosampler
vial, and submitted for GC analysis.

IMPACT ON STUDY

The procedural changes described in this amendment were made
after carefully evaluating them, the originally proposed
procedures, and other possible procedures (e.g. extraction
solvents). These new procedures will improve the recovery
of monobutyltin and the cleanup of sediment samples for the
analysis of butyltins, and will thus provide higher quality
data for this study than if the original methods were used.

N&i:‘b 0\‘&\ 1 (1\ \d QL,J\ D. Cawdm{ﬁ( 7—/ X /?» g

Allen D. Uhler, Ph.D Date Rick Cardwell, Ph.D Date
Study Director Envirosphere Company
Battelle Ocean Sciences

L\)\K LSk dbome ]2 %

William G. Steinhauer ' Date
Associate Section Manager
Battelle Ocean Sciences

Wltﬁeﬁ 5% 5~

Paul D. Boehm, Ph.D Date
Section Manager
Battelle Ocean Sciences
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Project Number N-0519-6101
Date: 7 September, 1587
Deviation to Protocol

Subject: Dipropyltin as Quantitation Internal Standard

In the original protocol, tripropyltin (TEFT) was designated as the
quant;tamonuzten’xalstarﬁard Our experience has shown that TPT often
coelutes with interfering campounds, making accurate measurements difficuit
when based on this campound. We have fcmxithatdlpmpyltm (DPI‘) is a much
more reliasble intermal standard upon which to base measurement

Therefore, dipropyltin (DPT} is recommended for use as the gquantitation
internal standard (QIS). Tripropyltin should still be added to samples ard
used as the recovery internal standard (RIS), if desired. Note that TPT can
be used effectively as the QIS if there is no interfering campounds in the
same region of the chromatogram. Essentially, the analyst has 2 internal
standards to choose from for quantitation purposes. It is important that the
analyst identify which internal standard is used for quantitation.
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Date: 21 September, 1987
From: AD Uhler :

Deviation to Protocol

s

Subject

_ &

Phase 2 of the protocol calls for spiking sediments at the 500, 5000, 50,000
and 500,000 ng/Kg levels. Because ambient levels of butyltins are in the
2000-5000 ng/Kg range, the fortification levels of 500, and 5000 ng/Kg were
omitted from the project, since these levels are too close in concentration
to the ambient levels, and little meaningful information would be derived
from the results.
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Date: 10 October, 1987

From: AD Uhler /() U —

Deviation to Protocol

Subject: Method for Freshwater Sediment Analyses

Recovery of butyltins from the freshwater sediment from the Detroit River
(DYC-1) were very good for TBT (>90 percent). However, recovery of DBT and
MBT were < 50 percent. Thus, the method presented in the Final Report will
not be used for freshwater sediment. Further work on the analysis of
butyltins in freshwater sediments is being carried out, and the data and the
modified method will be reported in a supplemental FInal Report. .
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Deviation to Protocol

PROJECT NUMBER: N-0519-6101
DATE: January 4, 1989
FROM: AD Uhler

SUBJECT: Storage Experiments Using Sediments with Ambient Levels of Butyltins

1.0 OBJECTIVE

Storage experiments using sediments and sediment extracts spiked with butyltin
compounds have shown that TBT degrades during storage. Dr. Peter Seligman,
of the US Navy, at a recent conference (OECD Conference on Monitoring of

- Butylitin, Paris, France Nov 28-Dec 1, 1988) explained that he too has observed

degradation of spiked butyltins in sediment. However, he has also observed
that incurred butyltins did not degrade upon storage. The implication is that
spiked butyltins probably degraded due to reaction with active sites in the
sediment matrix. Incurred butyitins, however, have already equilibrated with
passive sites and are relatively nonreactive. Therefore, storage experiments
using sediments with incurred butyltin contamination represents a more
realistic storage scenario.

A storage experiment using sediments and sediment extracts will be carried out
over a 1 month period, with duplicate analyses performed at weekly intervals.
A sediment with incurred butyltin residues will be used in order to more
accurately simulate actual storage conditions.

2.0 PROCEDURE

A marine sediment from the Hampton Roads area of Virginia (designated HR) will
be used for the storage experiment. This sediment has been selected because
it contains detectable amounts of TBT, DBT, MBT and TYBT (see Table 5, Draft

Final Report).

2.1 PREPARATION OF SEDIMENT

et
®

Remove sediment HR from freezer. Thaw at room temperature.

2. Transfer approximately 2000 g of sediment tc a large nalgene vessel.
Composite the sediment by shaking and/or tumbling for 4 hours.
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4.  Centrifuge the water off the sediments at 2500 rpm for 10 min. Decant
the water off the sediments. Determine the weight of the sediment in the
jars by difference.

2.2 FORTIFICATION OF THE SEDIMENTS WITH RIS TPT

Each sediment will be fortified with the recovery internal standard (RIS)
tripropyltin chloride (TPT) at the beginning of the experiment.

1. Obtain a spiking solution that contains approximately 1 pg/mL TPT.

2. Add 1 mL of the spiking solution to each sample jar. Thus, approximately
1 pg of TPT is added to each sample.

3. Mix the sediment thoroughly on a shaker table for 10 min.

2.2.1 Preparation of Sediment Extract Storage Samples

1.  Extract and derivatize 10 sediment samples by following the procedures
for extraction and derivitization of sediment samples presented in the
Draft Final Report "Measurement of Butyltin Species in Sediments by n-
Pentyl Derivitization with Gas Chromatography/Flame Photometric Detection
(GC/FPD) and Optional Confirmation by Gas Chromatography/Mass
Spectrometry (GC/MS).

2. Store the samples in an approximately -20°C freezer at a volume of
approximately 40 mL until ready for analysis.

2.3 STORAGE AND EXTRACT EXPERIMENT CONDITIONS

Ten of the prepared sediment sample extracts will be stored in an
approximately -20°C freezer. At time=0 and at weekly (7-day) intervals,
duplicate extract samples will be removed from the freezer, the quantitation
internal standard dipropyldipentyitin (DPT) added to them, and the extracts
analyzed by GC/FPD.

Eight of the sediments will be stored in an approximately -20°C freezer as the
bulk sediments. At t=7 days and at weekly (7-day) intervals, duplicate
sediments will be removed from the freezer, extracted, derivatized, the QIS
OPT added, and the extracts analyzed by GC/FPD. Extraction, derivitization
and analysis will be accomplished by following the procedures for extraction
and derivitization of sediment samples presented in the Draft Final Report
"Measurement of Butyltin Species in Sediments by n-Pentyl Derivitization with
Gas Chromatography/Flame Photometric Detection (GC/FPD) and Optional
Confirmation by Gas Chromatography/Mass Spectrometry (GC/MS). At weekly (7-
day) intervals, duplicate extract samples will be removed from the freezer,
the quantitation internal standard dipropyldipentyltin (DPT) added to them,
and the extracts analyzed by GC/FPD.
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2.3.1 Analysis

In all cases, prior to amalysis, approximately 1 pg of DPT will be added to
the extracts prior to analysis. The extracts should be concentrated to
approximately 1 mi. and submitted for GC/FPD analysis. The concentration of
the butyltin analytes will be computed versus the QIS DPT.

3.0 DOCUMENTATION

Laboratory gravimetric measurements, amounts of internal standards added,

dates of analysis, etc., should be recorded in the Laboratory Record Book
and/or on the forms supplied for this project. All entries should be
initialed and dated by the person entering the information. The sample IDs,

and dates of analyses should be recorded on the attached sheet and stored with

the data books.
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.DEVIATION TO PROTOCOL

Project Number: N-0519-6101
Date: February 2, 1989 J-2-8 AMJ

Subject: Recovery of Butyltin Species from Fresh Water River Sediment and
Fresh Water Lake Sediment

INTRODUCTION

Initial fresh water sediment work (spike and recovery experiments with

- sediments from the Detroit River, MI) showed poor recovery of butyltins from

the matrix. Additional fresh water sediments are to be collected from a fresh
water lake and a fresh water river. Spike and recovery experiments will be
conducted, and the recovery of butyltin species assessed.

FRESH WATER SEDIMENT SOURCES

Fresh water river sediments will be collected from the Taunton River, MA.
Fresh water lake sediments will be collected from the pristine Priest Pond, in
Duxbury, MA.

OBJECTIVES

The two fresh water sediments will be characterized for TOC and grain size.
The sediments will not be characterized for total extractable tin, since all
work to date, as well as literature evidence, shows that the total extractable
tin is at least 1-2 orders of magnitude higher in concentration than the total
organotin concentrations.

The sediments will initially be screened for ambient levels of butyltin
concentration. Depending on the results, the sediments will be fortified with
approximately 5 times the background level of TBT.

Nominally, the sediments will be fortified at approximately the 5 ug/Kg,

50 ug/Kg and 500 pg/Kg level with butyltin species, extracted and analyzed by
GC/FPD. The objective of this experiment is to evaluate recoveries of the
butyltin species from the fresh water sediment using the methods developed
during the course of the methods validation study.

The following schedule describes spike level and the number of analyses to be
conducted at each level:

Butyltin Spike Replicates
Level (pg/Kg) Performed per sediment
Ambient 2 (no spiking)
1-5 4
25-50 4
300-500 4
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EXPERIMENTAL

Extraction and analysis of samples prepared for this study will be carried out
following the methods described in the Draft Final Report "Measurement of
Butyltin Species in Sediments by n-Pentyl Derivatization with Gas
Chromatography/ Flame Photometric Detection (GC/FPD) and Optional Confirmation
by Gas Chromatography/Mass Spectrometry (GC/MS)".

These experiments will be carried out using 100 g (wet weight) sediment
samples. Weight out samples and record weights. Sediments will be fortified
before extraction with TPT and the butyltin species MBT, DBT, TBT and TTBT.
After extraction and prior to GC/FPD analysis, the sediments will be fortified
with the quantitation internal standard DPT. The following spiking scheme
should be followed:

Spike === 6 ewcecccscecss added to sample -=scecc-cococe~

Level

(pg/Kg) TPT Std BuxSn Std DPT Std
1-5 0.5 pg 0.1 - 0.5 pg 0.5 pg
25 - 50 5 pg 2.5 - 5 pg 5 ug
300 - 500 50 ug 30 - 50 ug 50 ug

The following pre-injection volumes (final extract volumes) should be used for
the corresponding spike levels:

Spike
Level Final Volume
(pg/Kg)
5 1 al
50 10 mL :
500 ’ 1 mL then dilute ca. 50 times prior to analysis
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TABLE-A.7 (con.)

EPTA EPTA CURRENT CURRENT
(1988) (1988) (1989) (1989)
Chemical SL ML SL ML
Pesticides
Total DDT 6.9 69 6.9 ‘ 69
Aldrin 5/ 10 10
Chlordane 5/ 10 10
Dieldrin 5/ 10 10
Heptachlor 5/ 10 10
Lindane 5/ 10 10
Total PCB's 130 2,500 130 2,500

5/No ML is established for these compounds.

® A potential for remaining in a toxic form for a long time in the
environment.

¢ A potential for entering the food web.
The list was pared down from the 129 priority pollutants and 30+ hazardous
substances, plus the many anthropogenic chemicals found by NOAA in a study of
Commencement Bay sediments.
In addition to the standard chemicals of concern, there is a limited list of
chemicals of concern that need to be measured for dredging projects located
near specific pollution sources. These chemicals include:

® Guaiacols.

® Chlorinated guaiacols.

® Chromium.

® Tri-, tetra-, and pentachlorobutadienes.

® Butyltins
Butyltin testing is indicated in areas near boat and vessel maintenance and
construction. (See also chapter 5.c.(7) of draft Phase II MPR.) An interim
SL of 30 ppb has been established for tributyltin (TBT).
Chromium appears to derive largely from the natural erosion of crustal rocks

into Puget Sound, but localized sources of chromium also exist (e.g., plating
industries and some chemical manufacturing facilities).





