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APPENDIX F
SOIL GAS ANALYSES RAW FIELD DATA
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—PES

Plains Environmental Services
PO Box 6288
Salina,  Kansas 67401-0288
(913)827-4545

environmentalconsuiting and T

/& 3
May 12, 1990 PO o

Woodward-Clyde Consultants = \! “ g
5055 Antioch Road 5. \“} AU,
Overland Park, KS 66203 -

Re: Project No. 89C75831 RS
Attn: David C. Convy
Dear Mr. Convy:

This letter provides a discussion of occurrences which
ultimately led to an alternate approach to the soil gas
survey proposed as part of the remedial investigation/
feasibility study (RI/FS) for the Baier site and McCarl site
in Lee County, Iowa.

Plains Environmental Services (PES), subcontractor for the
soil gas survey, started the soil gas investigation on 1 May .
1990, at the McCarl site. During sample collection at the
first several sample locations, it became apparent that the
subsurface material, a silty clay, was causing excessive
soil vapor purge times. Due to the shallow sampling depths
(3') and long purge times (>3 min.), a concern regarding the
integrity of the vapor samples was raised by PES and the
contractor, Woodward-Clyde Consultants (WCC). The main
concern centered around the potential of surface air being
drawn down around the probe annulus during the vacuum purge,
and therefore, diluting the sampled vapors.

PES discussed an alternate technique with WCC personnel
which consisted of collecting soil samples followed by
headspace analy51s. An area of known contamination (H9) was
sampled using both soil gas and soil headspace techniques.
only the soil headspace technlque resulted in significant
detection from the ana1y51s The recommendation by PES and
WCC to the USEPA Region VII to change from soil gas to soil
sampling followed by headspace analysis was made and
verbally authorized by late Tuesday afternoon of 1 May 1990.
Mr. Lynn R. Newcomer of PES and Mr. Terry Hagen of Jacobs
Engineering Group, Lenexa, Kansas, also discussed the
alternate approach by telephone on the same afternoon. The
general consensus was that the headspace approach would
provide more reliable data for this study.

The change in sampling and analysis scheme, while allowing
the project to continue on schedule, did increase the cost
estimate proposed for this phase of the project. The cost



PLAINS ENVIRONMENTAL SERVICES
PO Box 6288 Salina, KS 67402-6288 (913) 827-4545

Page 2 of 2

increased from $125 per sample to $150 per sample as noted
in the attached 1990 Rate Sheet. These rates represent
standard charges for services performed by PES.

Following is a presentation of the method used by PES to
analyze soil samples by the headspace technique:

HEADSPACE ANALYSIS OF SOIL SAMPLES
FOR VOLATILE ORGANIC COMPOUNDS BY GAS CHROMATOGRAPHY

1. Soil samples are collected at a discrete depth using a
one-inch sampling tube which connects to the end of the
probe rod.

2. A five gram sample (4.9 - 5.1 g) was quickly transferred
to a 40-mL VOA vial and accurately weighed to the
nearest 0.1 g.

3. Deionized water was added to the vial to a pre-marked
line so that one-half of the vial contents consisted
of headspace. The vial was immediately capped to
minimize loss of volatile components. (The use of water
helps to control the headspace volume and also to
increase soil surface exposure for desorbing volatile
components.)

4. The vial was shaken vigorously and placed in an oven at
60 C for 30 minutes.

5. A l-cc aliquot was withdrawn from the vial by inserting
the needle of a 1-cc syringe through the vial septum.

6. The sample was injected directly into the gas
chromatograph for analysis.

7. The final concentration (ug/g or mg/Kg) in the soil was
calculated as follows:

adspac c. 0.021 hea ace vol.
5.0 g (used actual wt. of soil sample)

Note: This method only measures the amount of volatile
compounds that are thermally desorbed from the soil and
agueous mixture/solution at 60 C.

PLAINS ENVIRONMENTAL SERVICES

2. S lemnan

Lynn“R. Newcomer
President
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—PES

Piains Environmental Services
PO Box 6288
Salina, Kansas 67401.0288
(913)827-4545

PRIVILEGED AND CONFIDENTTIAL
LABORATORY REPORT
CLIENT: Woodward-Clyde Consultants DATE REPORTED: 05-07-90
5055 Antioch Road
Overland Park, KS 66203 PROJECT NO.: 89C75831

Attn: David C. Convy

SAMPLE DESCRIPTION: M-D7-HS
DATE SAMPLED AND ANALYZED: 05-01-90

- — D > - —— D P - — = . — W D P = T D D ————— — - —— — ——— ———— > ————

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND ng/Kg 0.01

Xylene, Total ND mg/Kg 0.01 .

SAMPLE DESCRIPTION: M-D9-HS
DATE SAMPLED AND ANALYZED: 05-01-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-C8-HS
DATE SAMPLED AND ANALYZED: 05-01-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

—— e —— e o == e e e . —— e ————

SAMPLE DESCRIPTION: M-Cl10-HS
DATE SAMPLED AND ANALYZED: 05-01-90

ANALYSES RESULTS UNITS D.L.
Toluene ND . mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01



PRIVILEGED AND CONFIDENTTIAL

PO Box 6288

PLAINS ENVIRONMENTAL SERVICES
Salina, KS 67402-6288

Page 2 of 21

SAMPLE DESCRIPTION:

M-C10-HSB

(913) 827-~4545

DATE SAMPLED AND ANALYZED: 05-01-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
SAMPLE DESCRIPTION: M-B9-HS

DATE SAMPLED AND ANALYZED: 05-01-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
SAMPLE DESCRIPTION: M-B7-HS

DATE SAMPLED AND ANALYZED: 05-01-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
SAMPLE DESCRIPTION: M-Bl1-HS

DATE SAMPLED AND ANALYZED: 05-01-90

ANALYSES RESULTS UNITS D.L
Toluene ° ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg /Kg 0.01
SAMPLE DESCRIPTION: M-B11-HSB

DATE SAMPLED AND ANALYZED: 05-01-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
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PLAINS ENVIRONMENTAL SERVICES
PO Box 6288 Salina, KS 67402-6288 (913) 827-4545

Page 3 of 21

SAMPLE DESCRIPTION: M-B13-HSB
DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

M-B13-HS
DATE SAMPLED AND ANALYZED: 05-02-90

- - —— — - —— ——— — — — ————— . ———  ——— ——— —— - - ——————— - - — -

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg /Kg 0.01
Xylene, Total ND mg/Xg 0.01

SAMPLE DESCRIPTION: M-Cl1l2-HS
DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-D13-HS
DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene 2.28 mg /Kg 0.01
Ethylbenzene 15.8 mg/Kg 0.01
Xylene, Total 199. mg/Kg 0.01

SAMPLE DESCRIPTION: M-D11-HS
DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01



PRIVILEGED AND CONFIDENTTIAL

PLAINS ENVIRONMENTAL SERVICES

PO Box 6288 Salina, KS 67402-6288 (913) 827-=4545

Page 4 of 21

SAMPLE DESCRIPTION: M-F13-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L

Toluene ND mg/Kg 0.01

Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-E12-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01

Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-G12-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01

Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-F11-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L

Toluene ND mg/Kg 0.01

Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-H9-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene 6.36 mg/Kg 0.01

Ethylbenzene 14.4 mg/Kg 0.01

Xylene, Total 48.8 mg/Kg 0.01
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SAMPLE DESCRIPTION: M-E10-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01

Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-F9-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01

Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-E8-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01

Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-E8-HSD

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01

Ethylbenzene ND mg /Kg 0.01

Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-G8-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01

Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01
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SAMPLE DESCRIPTION: M-H13-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND ng/Kg 0.01

Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-~I12-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01

Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg /Kg 0.01

SAMPLE DESCRIPTION: M-H11-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01

Ethylbenzene ND mg /Kg 0.01

Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-G10-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L

Toluene ND mg/Kg 0.01

Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-K12-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L

Toluene ND mg/Kg 0.01

Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01
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SAMPLE DESCRIPTION: M-~J11-HS
DATE SAMPLED AND ANALYZED: 05-02-90

(913) 827-4545

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
SAMPLE DESCRIPTION: M-I10-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
SAMPLE DESCRIPTION: M-I10-HSB

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
SAMPLE DESCRIPTION: M-K10-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
SAMPLE DESCRIPTION: M-L11-HS

DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
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SAMPLE DESCRIPTION: M-L9-HS
DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Xg 0.01

SAMPLE DESCRIPTION: M-K8-HS
DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-J9-HS
DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-H7-HS
DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg /Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-I8-HS
DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01
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SAMPLE DESCRIPTION: M-J5-HS
DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-K4-HS
DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-L5-HS
DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
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SAMPLE DESCRIPTION: M-K6-HS
DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
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SAMPLE DESCRIPTION: M-L7-HS
DATE SAMPLED AND ANALYZED: 05-02-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01
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SAMPLE DESCRIPTION: M-J7-HS
DATE SAMPLED AND ANALYZED: 05-02-90

(913) 827-4545

ANALYSES RESULTS UNITS
Toluene 0.03 mg/Kg
Ethylbenzene 0.02 mg/Kg
Xylene, Total 0.54 mg/Kg
SAMPLE DESCRIPTION: M-J7-HSD

DATE SAMPLED AND ANALYZED: 05-02-90
ANALYSES RESULTS UNITS
Toluene 0.05 mg/Kg
Ethylbenzene 0.14 mg/Kg
Xylene, Total 1.74 mg/Kg
SAMPLE DESCRIPTION: M-J7~-HSB

DATE SAMPLED AND ANALYZED: 05-02-90
ANALYSES RESULTS UNITS
Toluene ND mg/Kg
Ethylbenzene ND mg/Kg
Xylene, Total ND mg/Kg
SAMPLE DESCRIPTION: M-~F7-HSB

DATE SAMPLED AND ANALYZED: 05-03-90
ANALYSES RESULTS UNITS
Toluene ND mg/Kg
Ethylbenzene ND mg/Kg
Xylene, Total ND mg/Kg
SAMPLE DESCRIPTION: M-F7-HS

DATE SAMPLED AND ANALYZED: 05-03-90
ANALYSES RESULTS UNITS
Toluene ND mg/Kg
Ethylbenzene ND mg/Kg
Xylene, Total ND mg/Kg
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SAMPLE DESCRIPTION: M-G6-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-E6-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: M-H5-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
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SAMPLE DESCRIPTION: M-I6-HS
DATE SAMPLED AND ANALYZED: 05-03-90

- - W = D S D W D D T e D P D - — S - - - —— > ———

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg /Kg 0.01

SAMPLE DESCRIPTION: M-C14-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01
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SAMPLE DESCRIPTION: M-El14-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: B-E10-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: B~G10-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: B-D9-~HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: B-C8-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01



PRIVILEGED AND CONFIDENTTIATL

PLAINS ENVIRONMENTAL SERVICES
PO Box 6288 Salina, KS 67402-6288 (913) 827-4545

Page 13 of 21

SAMPLE DESCRIPTION: B-D7-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg /Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: B-~C6-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: B-B3-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: B-A2-HS
DATE SAMPLED AND ANALYZED: 05-03-90

- — - — - —— —— - ——— — - —— - — ——————— - ———— —————— —— ———— -

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: B-A4-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg /Kg 0.01
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SAMPLE DESCRIPTION: B-D3-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene 0.02 mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total 0.85 mg/Kg 0.01

SAMPLE DESCRIPTION: B-E2-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: B-F3-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene 0.11 mg/Kg 0.01
Ethylbenzene 1.64 mg/Kg 0.01
Xylene, Total 5.84 mg/Kg 0.01

SAMPLE DESCRIPTION: B-C2-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: B-C2-HSD
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01
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SAMPLE DESCRIPTION: B-C2~-HSB
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: B-F9-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg /Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg /Kg 0.01

SAMPLE DESCRIPTION: B-H9-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg /Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: B-G6-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: B-G2-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01
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(913) 827-4545

SAMPLE DESCRIPTION: B-H3-HS

DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND ng/Kg 0.01
SAMPLE DESCRIPTION: B-I4-HS

DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
SAMPLE DESCRIPTION: B-J3-HS

DATE SAMPLED AND ANALYZED: 0S5-03-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
SAMPLE DESCRIPTION: B-K2-HS

DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
SAMPLE DESCRIPTION: B-N3-HS

DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
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SAMPLE DESCRIPTION: B-02-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: B-Q4-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: B-R5-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.

Toluene 7.84 mg/Kg 0.01
Ethylbenzene 39.3 ng/Kg 0.01
Xylene, Total 137. mg/Kg 0.01
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SAMPLE DESCRIPTION: B-R5-HSD1
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES

Toluene
Ethylben
Xylene,

SAMPLE D
DATE SAM

ANALYSES

Toluene
Ethylben
Xylene,

RESULTS UNITS
11.3 mg/Kg
zene 51.9 mg/Kg
Total 179. mg/Kg
ESCRIPTION: B-R5-HSD2
PLED AND ANALYZED: 05-03-90
RESULTS UNITS
6.38 mg/Kg
zene 28.1 mg/Kg
Total 89.7 mg/Kg
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(913) 827-4545
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SAMPLE DESCRIPTION: B-S6-HS
DATE SAMPLED AND ANALYZED: 05~03-90

ANALYSES RESULTS UNITS
Toluene ND mg/Kg
Ethylbenzene ND mg/Kg
Xylene, Total ND mg/Kg
SAMPLE DESCRIPTION: B-T9-HS

DATE SAMPLED AND ANALYZED: 05-03-90
ANALYSES RESULTS UNITS
Toluene ND mg/Kg
Ethylbenzene ND mg/Kg
Xylene, Total ND mg/Kg
SAMPLE DESCRIPTION: B-S10-HS

DATE SAMPLED AND ANALYZED: 05-03-90
ANALYSES RESULTS UNITS
Toluene ND mg/Kg
Ethylbenzene ND mg/Kg
Xylene, Total ND mg/Kg
SAMPLE DESCRIPTION: B-S8-HS

DATE SAMPLED AND ANALYZED: 05-03-90
ANALYSES RESULTS UNITS
Toluene ND mg/Kg
Ethylbenzene ND mg/Kg
Xylene, Total ND mg/Kg
SAMPLE DESCRIPTION: B-R7-HS

DATE SAMPLED AND ANALYZED: 05-03-90
ANALYSES RESULTS UNITS
Toluene 0.58 mg/Kg
Ethylbenzene 1.63 mg/Kg
Xylene, Total 47.1 mg/Kg
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SAMPLE DESCRIPTION: B-P3-HS
DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
SAMPLE DESCRIPTION: B-T5-HS

DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg /Kg 0.01
SAMPLE DESCRIPTION: B-T7-HS

DATE SAMPLED AND ANALYZED: 05-03-90

ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
SAMPLE DESCRIPTION: B-T7-HSB

DATE SAMPLED: 05-03-90 DATE ANALYZED: 05-04-90
ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
SAMPLE DESCRIPTION: B-F1-HS

DATE SAMPLED: 05-03-90 DATE ANALYZED: 05-04-90
ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
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DATE SAMPLED: 05-03-90 DATE ANALYZED: 05-04-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
SAMPLE DESCRIPTION: B-N9-HS

DATE SAMPLED: 05-03-90 DATE ANALYZED: 05-04-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
SAMPLE DESCRIPTION: B-L3-HS

DATE SAMPLED: 05-03-90 DATE ANALYZED: 05-04-90

ANALYSES RESULTS UNITS D.L.

Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01

SAMPLE DESCRIPTION: B-M2-HS

DATE SAMPLED: 05-03-90 DATE ANALYZED: 05-04-90
ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
SAMPLE DESCRIPTION: M-Bl14-HS

DATE SAMPLED: 05-03-90 DATE ANALYZED: 05-04-90
ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01

Xylene, Total ND mg/Kg 0.01
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SAMPLE DESCRIPTION: M-B14-HSB

DATE SAMPLED: 05-03-90 DATE ANALYZED: 05-04-90
ANALYSES RESULTS UNITS D.L.
Toluene ND mg/Kg 0.01
Ethylbenzene ND mg/Kg 0.01
Xylene, Total ND mg/Kg 0.01
D.L. = reporting limit

ND = not detected
mg/Kg = milligrams per kilogram

All results represent headspace analysis of soil samples

analyzed on-site by Plains Environmental Services using
GC/FID.

PLAINS ENVIRONMENTAL SERVICES

Lynﬁ R. Newcomer

President



[ F G

Field Log Sheet
Caicsx 3 -/

Site ID: Pufund - Mclag| Sampler: t2n~+~CMH

Date: csyb//qc Analyst: ¢/mi« LEA

Sample Time Depth PES No. Purge Comments
1D (ft) Vol. (L)
std /119 — aor — 87X
s fel /139 - ‘ez - £8,
7M71-07 ~$is | 142 — cos 0.5 / Rocl
M -07-56| 1157 ¢3 ced ¢z 4o
M-(B-56C| /2c9 3 Cos ¢. 5 2 i
m-67-5¢ | /229 ¢ cee o5 6 min
m-89-3¢ | /253 ¢ 3 e ¢ 5 2/ min
M- Ei-56 | /303 3 cce o) Bt 305603,
m-Ti- 56| 240 03 e 0.5 Snd Loy echa
p- 9 -6 13R7 ¢3 C e oS 2 miites
pr-T9-HE| AT c.t “ - Tt Sample
M- H9-56d41 7429 ¢3 cr2 (O3S 3¢ min
—_— | 54 03 3 Y Bad fuy&\'«‘ow
M1 SEA 1508 0 < i iy /i
ey S | 1518 v3 Crs — So.\ Samgle




')o.* S X19

qQrs ¥ 1LY — ST D _ hoT )9#5
] Q
7o _ Lo I a8
_ - ‘ 2 €
- 9r9 —3 Shor ’t
- S/ - g - W
e 374/ AhED ¢ woor y
-/ "'
:/)'5 505/ £ €2 | Vs |V
Sty | LT T
4 b so0&/ o TTr) SN 2 “
e 5 _ LT W9sH 210 W/
— Ead-24 /T
f' o Vo) |SH-W) W
Y23 /137 Qzo < y
/ /- 30 A
e LTg/ Lo Too e s
bt 513/ e o | amas |SHBO W
i %’h u§‘7€/ V) ;_,O SE d/ S/'/ LYW
X155 Q12 A
(f/ (1) —xoa (33) aIx
SHOWNO D *ON sdd yadaqg Cliahd a1dwes
4!/6',7\1 a/dwbg ?w\l a}J“NQ
HWO - N¥T :qsATeuy abfinfso  :e@3eq
hwot Ny xaTdues %W - 4»drg QI ®3TS

SH -1 W

L*)J\,O 7

39ays boT pratd



.oce

Field Log Sheet

3 Tl

Site ID: N.Pout - M'lac ) Sampler: cen - cmit
Date: c.v.\E \oo Analyst: en ~cnH
‘,Mli\u\\ Time .M)\x\.\ﬁ N\\\\\.\:t
Sample Time Depth PES No. Rurge Commants
1D (£t¢) Vei. (L) @u
s 4 d /03] — A7 - l\
M-Fi3 56| /053 - ¢ 22 - —
M-L13-M5| yrc3 ©3 27 “r0 m@
M-Cr2 sy /13 C3 ¢ 3¢ cq 35 > mm
M- N30 112 o3 C 3/ 095¢C \HQW\ A<
Slb\\ c\\v \\an&l D..u ﬁa ANIJ’ \\\ﬁx\ V\\ N
A -F15 -S| /<05 o2 c33 /735 5 mm
T EI S| /2 3 c34 Il 5 /5%
M~ Ci2 - Hs| /L7 ¢ 3 C 35 /S ¢ 57, \w
7= -S| ses 3 < 3¢ /209 s c%
1 WG ps| /S0t ¢3 37 /oA 5, m&\ *x
S i PO s I
-~ 3¢
std /YRS | —— € j
M-Ew-is| 497 c3 C39 /910 ..V.cm\
M-F§ sl 15T 3 C 4 /Y AR 5
47- F¢€ \\M \(\V.\\U\ Qow A \Q\»\W {QW
M- F8HSD | /526 03 Cq2 1445 5.
M-C& Hs | /535 C3 c93 /A5 E 5.0
M- i1z-1s | /57T a3 cHY 1T 5 Om
Mm-Ziz H5 w&-w c3 C+5 /526 5,07
m-nu-is| CE ¢ 3 C 4G /535 4G
\MW1%\B_.\\.M vt a2 o3 ﬁb\q \wa\A\.. /u-h,
e KT s | /90 o035 | ESE Vo msm 5 _W
- T s : - -
M- st -,[S| , o 3 h.\.m ﬁ\,ldnx..x./\@\c&nm:. s /4
7 - Tre-rs | /76S c3 |Feesr /¢ 26 4.6
S }\ /7 ‘3 [aC Y] AH%HJN
/m-Ze sk 114 — Jsa&s4 — —

BTX

BTX

ETX



X4 — _ LD — Loy 7
' — 390 — o2z (gLl oY
* P b L1567 L7 £ Jeae |- L o/
e 4F f # L2747 99 7 ¢ /S4s | Sk-LL -V
25 224/ .7 7 ) beb) |SH - LT W
%\\ S 53 A0 T2 L4 |SH- I W
i £90 — 124/ T
. lw,m».w O3/ 95 ¢ Arus | SH-ST -1y
.N,} 0SB/ 19 o 225/ Wl.}wir\
b 698/ 220 s, 368/ | S-S0
hg < LSt/ L) <) 2ess | SpaL -l
\N, bt /5L 267D o grer | < LH b/
9 Th L Ls 2 ca | gri |SHbL W
oS 2EL/ 924D ol 323/ |S1-87-w
/ b F S7LY (=50 | &0 Loty | Siv [t
Lp S DG peo 0 Dhtr | ST -y
m\ e L5 59 (¢ o D Ly Srr7-200 -l
(%) (1) -%en | (33) q1
*QmuMAwmmm. ;u\wmwuw ON sad yadag auWTyL a1dwes
HWy v ~x1 i1asATeuy abjr0/=0  :e3eq

pwo ¢ ~NYY o ggTdwes

|R¥J2W 47y ny 1T @3TS

o 37/

399ys bo1 pI1aTd




- — —

PALFR SIT=

Field Log Sheet

A

(%4

Site ID: Dufemt - M (uplsBazen Sampler: ¢/ . ap M
Date: Uf/oj/qo Analyst: Oy o (IN
Qample Te Sarple Lvorch
Sample Time Depth PES No. Purge CQQEeﬂ%sq)
ID (f£t) vot. (L)
std G40 — c10C —_— _
M- F1-158] 958 — CTi _
M-FT-1s | 707/ 03 CTR Cesw .'r.u;
-G 6 -HS 1021 03 c 73 C 904 5“037
m-£§-1s| 7c31 03 CT4 Cil6 %9}
si-HSs | /655 03 c75 CI2E 4. 9'&
f-Io-HS| /e ¢3 ¢ 76 9995 4 G
M-cpd-ds | =9 | €3 C77 | ICCG 5.0
A Erq-is | 1220 o3 C 78 703C %7;
| I —_ | I N
B -Fro-us| 242 | O3 — /Z/0 5.0,
B-¢coo /S| 1300 ¢S C 80 /228 .9 ﬁ
& pr-Hs | 1313 C3 &1 /241 ij
std /325 — (62 — -
G-ce-ns| /33| ¢2 c53 (255 *“"?j
5- 07 HS 1347 03 e /3CE J Og
6-(6 HS| (557 ¢ 3 ces /1376 {‘)jk,
= ; /335 5.0:
5. B3 HS| 11 03 C &6 . J
A-na-ns| 41T c3 c &7 1348 S G
5 -AY-1/5| 143c c32 CHE /359 5 G
B-p3 HS| /43| €3 cgd 14 13 5. 0%
g-cy-ms| PN 03 crel rga g, 9%
B-F3-Hs | A 03 c9/ EES Soq K
“ A/ | A597 ) dF {93 Y E. I
B-cR-1SH 1555 ¢ 3 I3 /445 5 Ocj
6L-C2N56 1eod — C9Y —_ &
std 76¢c — C 95 _ —

BTX

BT X

BTX



7 e —_ - R A A Y A Y4
\\Q,U.\O \U&/ﬁ, r S5 .\R\.V - ¢ .ﬁ\\!\u\n.N| /
_ < sw-Tht 5 <
P ThHor 00 ! ,
bo o , 57D c £S00 $/-C7-9 s
\NW\W \...}m.nmww\. 327 72 w.\w hroo T - AR
H 4 N.\NH\.Q'N\. LT D <0 /% 030 s/ P\!W\ .
xmx. 50 iy g0 sTog SH-17-9 -
— — ST D — S/o0 $Sp-LA-G QW§mWo
AED prs \&!I: — <=0 \I.xow&vnw Vs
b )5 8/ Teo | £7 | ekl sridd
\M\N /4 0Sh/ /e ¢ 2 fesc|sh-5179
. ‘ e (SH o -cy-
Nm TH b/ az D €0 t
\y -
~+ Y44 254y Lo co |occe |[SH-LY-Y
W\l‘ 14/ 37 ) <O aee | o389
\Nu.\n 0ré/ ) co \pote | S-S
20°G 253/ 2,0 T $s/C Cpr-hi-9
- : Jasw-5y-9
P Y 7R NE T IR I O B W
NS x%n\l oAp T2 ¢ o | Lroe [1Ish S G| e
xz= yp| ¥ /5 ‘ - GY-gloe
: .\ NV =9 —nor |GH -
1Yl X D p hess L) - = g oy \
1D pie R VI \ L6/ \SHP2-9) LK,
201D .ﬂJ.O n% S I\HVNHJAQIR P _ Mhl(V - = _— \v\l,wa \o Y.
T oy pre| T —— — S X, — 00bh/
bo.c 9L/ | 50/ 0D co |nsss |SHTIF
% - -~ SH-N -8
D < 00/ /7)) £2 |3T3/ M Y
25 $G 9/ . £ 2/5/ | *H ¥ .
/S Sh 9/ 0/ £ D84/ | St EL
\J\u.ln r2/ ]2 =) opl/ SH-pIT-F
\hsw\.ﬁ S0 | 0970 <o | BiLr | SHEH-T
\m < SHS/ bt <o 2007 | SH 74
2y s Lrs/ 3670 0 | i |SH-79-¢
T/ I LS L6 <O shror | SHbH-Y
it DA ) ©0 AF9/ | SH b -0
) (1) “ten (3T) ar
SIluawwes . <5any *ON S3d yiydag auTl a1duweg
7 :n\:\ \\f\x\Th. ;tk ,..\.\X:\H\J
NI S wwD i 3sdTeRUY Qe\.r. o/so :a3eQ
ww)+NIT taatdues JITVY  anoy™y QI S93ITS

9 ¥

3@ays 6o pTaTd



%ﬂéy@?(( CZ’M '{Qjmm 5

-~ C-R4A CHRCAATORAC PUTHS REPORT ‘0. %o CHROMATOCR AM=2 $CCOPT (b 2005 01 1T a1 3
3 [
EA > HIE 3TV
e 7D
T
- 5 T8
~ 8
v CALCULATION REVORT ve
CH PAN) T (vE AREA HEIGHT - N TONC NAME
H 3 VoS4 T3] 129
i - 2304 40 A1 1 ¥ 3829 HENZENE
N LEETE] 1726 H 2 4 J087 TOLLENE
3 » 778 %3 J \ 4 4 046 P-NYLENE
TOTAL ST84 BT 12,2643
T OH4A THROMATORPAC THe KEPORT “o = CHRCMATGR AN 2 WCT0PT 17 W 0S¢ 3 35 3%
. [rr——— PR - s
[ ; -
s 24 27
e
C
{
- g’
L
A
oo CALCULATION REPORT we
JH PANO TIME AREA 1EICHT W A0 oM NAME
I i 2 812 1478 i
TOTAL 478 Ry} 9
R34 CHROMATOI A CHeL CERYRT o - THROMATIGRAMeD & CLPT Uin WIS Gy M de
) £ .
SERII
E’l 9 - ;
AE m-Dp9 =45
T § 0252 - [’)n\Lx cfvvv\ C /5’ ran
S 391 (
N
]
\
oo CALTLLATIOA REFORT ae
DE L N TIvE AHEA HE L CHT N0 o Nt
i 2 U sy 1343 42
0 C 389 TyT 100
.} - T 7T il ¥ P c
0 40292 2282 68 Cot X7ty 15 s
2 2891 6637 ieS pLats
TOTAL 15418 903 9
C-RIA THROMATOPAC THa| REPORT %o =9  CHROMATOGRAM= S CLP” (19 RV R F N A T T
i 0 S04
1296 b e
m-Cy-~8
o
-8
t
oo CALCCLATION REFORT oo .
CHOAANO TINE AREA HE ICHT w (N TG NAME
' N DI DA 1283 328
h FNY S19 91 s
TOTAL 1M02 419 v

mepuey T @

P PR Y a4

)



S3A UMEONAT Al e LRt

e CALCULATION REFURT oo

VHOORNG T ant A
. N PR LE8T
® PR )
TOTAL 208
T HdA CHROMATOPAC Mt

oo CALCULATION RePORT oo

oo a0 CHEINA TOGH AN - §C7

CebORT No -l

THRUMATOGHAM- | 30U IKT 00

Nl

THOPAND ARE A 1 IGHT LN oo TONMC
1 i 109 408
TOTAL LI%6 108
C Hia SROUATURAL . EE A0 JREEVINE I CHRLAUA T AW D 8 LT T

 ang 70

P40

se TALCLLATION REAORT ee

BRI NN T ahbA
3 13 A
L] N ) SOl
TotaL 342
T ohdA CHRUMATIA M e,

3 499

se CALCLLATION KEFORT oo

CHOERND T Akt A
i 3 D 499 389
TOTAL an9

HEGHT LN

SEiYRT o =1} N

ATOGRAM= €770P7 713

W08 Gl 3 LT e

M= Cio~ Hs

#3501 19 1T 22

— 10 - M58

\ANE

RN 19 16

m-3a9- 73

W03 0L Y Se Ll

m-387 -7

NAME

VY

ey ST @



® Stmadia

IY el 0

SH - 1Y

E ARSI (94 t \ of 165
ININ0L SOWC ¢ < \ srt %0t |
AN tien 1 [CINA 1 sgo7

H stQ A '

Y BANAN oVl W Pl 21k 1 Y3yv [5a% TN

o LMO4IY NOIIYI IO ee

I 92
\u?w. LA

LI
RS S RNV BN LN S84, CX D) I SN -H WACIYRIMM vy
( sit e Ivi0.
wir iy o ¢ {
K1 4N ) N (LU TR 1M1 3w AR A mii Vg Mo
oo 1MOAIY NOIIVIDIYD oo
L.
.

SsH- e

CS B ST (N 04 TeRYPOLYIO Q'e Oy I9i]- tebs M JOLYROSH) YhE-

28 Clst i0.L
NN | N t it rec Koo @
EAE R arre 3 M 1ol 0t
NI sene T E \ tft Teo! at_
\ sl KN tey ! v '
ELAAN N IS VAN ) AR EAS WL AW HY
oo LHOSIE NOILYIIIN] ee
hul Gt
M ~|
\%uLvﬂ $0¢ § e
oy Q. —— lH

bl o

8T r! 00 10 ¢0 ¢ 530 2451008 TERYIDCLIYRGEN D §le 00 104y IRl MAOLYROMH. Yy

o Ry £ Iviol
R 4 lex AN t
ant P $0s ¢ { 4
E_LA ESTN LN PUAME D YNy ml O\ Mo

s 130434 NOIIYINDTY) ee

Mo
!

1
=
—

e T
LIS I n

§T S0 G710 v e LASERVEUS BT BRaY Mot SR 4 0f 108 TToes gt " DYROIYROAL Yt



C REIA CHROMATOFAC Hey HEPORT No -7 THROMATIRANS. ¥ 2007 0y
LIS 3 w92
4
8
o9 CALCLLATION KEPORT oo
[ ) A 3 AREN & LHT LLN ONG S
f . DRV Al 437
T 422 437
KaA ekt T A TR SHIYET s HEGAR™ W M- €7 87 T
bl
4
*s CALCULAT ON REPORT oo
THOPNO e 3 abba L P W ("0 ™
| 1 R 0 12!
3 T 3ITE
i AR i
Kl » 733 53 H
TOTAL 26034 32 10 3Ce3
C RIA THROMATOP A TH= HEFORT "o =9 THHOMA T JMe ) 8707 T 1)
o
2 — 3 s08
L)
b

*s CALCULATION HEPORT ss

T ORIA CHMROMATOPAC  (Hej REPORT o =10 CHROMATOGRAWe? 877

\REA HE [CHT w0 O
1369 500
TOTAL 1369 560 3

®s TALCULATION KEFORT e

TH PANO
N

T AKEA ‘N 1 GnT - ONO ToC
3501 i31s2 431

TGTaL 1382 431 0

IHea A S, Dee

\aut -]

\aup

HENTENE
TOLCENE
POVIOENE

EXVIL SN N & I

in- RIS HS

NAME

NAME

h,\Q\.. \311“‘4\-4 Grar



® Slimndiu

AR RR}

PR bl d B

T £t 1ot AN

JA31 Tot! s 0 t :

nvy O N W pLANK ] Y34y E 1IN ONNg H
oo L0 NOIIYIDIY) e

® Sl-ad.

SH-L W T
- I
Y N R T\ (L. L1308 TeNYHOOLVICAM)  fle O\ INOMIY  leM.  VJOLYROMT vy
c 16¢ 2 Ix 0L
16¢ Al tos € < |
o bt el ol W JULIk N vy E IR [CEI
o AN NOULYIID N e
Sp -2 d - W ros ¢ .
Al ey 1T IC er O TEO L I20n TeRYYOOINNT BT Tle 00 L3 Vb RARTOLT b TR S 2 I
100 ety torse_: RARLE
i [TLaNY 2
1 04 W LN
LR T ORTIN ! B s (BN 8"
. e ¥
6L’ = TN ¢ ' \ BN o g7
p = WRINWIWLG e It oale t . tir ey
g . Y N
K R [
. foG t e
A Qs 7 »
i Toy ¢ -
DAY ¥ P S N DRI O : N e o
. - o
N .
N z t
7 !
. : 0
xy - 2 \ : l
- 1 ¥
AL 1 .
\s res. [ b}
les c N |
kN »roe. ol oW Y38 k_I ONNg ML
o JHOAIY NCIIVIINL. es
wre
o’
186
les
T
0LR
TN == 2 - =
CI A L4 «4;.““
Toe T .IW
Su-UC -w
WO IT U TC e D¢ 162 4d0IO8 T=VHOOLYRGAM)  T1e O [4OJ3H  TeH  IVAOIYRONM. Yt

A



U RIA THROMATOPAC CHe REPORT No - 4 CHROMATOGAAM=. 80019 C gy ES R N D

u&?o [ m- &:2-#S

S0 CAMCULLATION 2E5RT we

MR W AHEA & ICHT woony M \aMt
~ PR HEEYY 3o v
ToTaL Mﬁwn ) .mc
Rid THROMATORAS  Tie, HERORT Mo w3 DHROMATOLZAMS D NCOLPT (s WS G 2T e
-4 J sz

** AMCULATION KEFORT oo

AREA HE [CHT » (A0 TONC NAME
198 332
TOTaL 119% 2 9

T-RAA THROMATOPAC THe SEPORT No ey CHRUMATOGRAM= > SCCOPT [ )p 90 0% 02 2 46 )9
'y

0 514
m- [ ih
>
** CACULLATION REMONT e -
THOPRD TINE ARLA HEL(HT LT} COMC NAME
} D Sl4 37y
TOTAL 373 0




¢ cor Tog: Yo,
cor S te o f :
W} RYeR oAl W JUSTE 1] YIHy 19 ONNG M2
oo 1304 NOILIVINDIVD we
/m
B SH - Q! 2 - W vy o
1 -
® Of It b1 70 s0 Ot B0 L0008 ToAYHOOLYNONMI  61- O\ [MOJIU oW WSO VROMH. YiY
¢ 686 ey w10,
the - < W Se A L O 6551 of
- o< RS [ %4 £637 97
- v oewr (13 (9
S er s 1 A Tg! arm v '
k22 . e W 1HOI M [ . ONe W
so IHOHTE NOTIVINDIND e
o
T
£
S
~ [
ozY ¢
<TULs ot
v )
P
TSI ET 0 $7 06 M{. LJ430N TeRVHDCUIYRGNMD  Ble 0% 1AGUTE  IeH) NAOIYMOMH. YPB O
rslotl rOIss e W04
sSR! XY I
A ofg te & ot
e \hhuo Y 9t 997 ¥ o
A $0st < 8
z 9t “ ITIN-e  SEeE T1(y ’ A IseT9 “«
py V41 h? SETCCT TR et o Y DA $ 52 a o7
»h e s s £ vooLoel 9 [
LS { 1 4 N e
A feer > 24
A eON * S
A 143 r 1
Y\ < 3 ol
Lo1eglt t 6!
STALE SIS L Ls e — A stofr T
Aol ¢ o
voreEs N @
v : !
s osell : v
058! 690" : £
A re0C! f16t0! ! o
[§ 2] 910y ! [
A8l [ : 0!
xZ - 24Q A peel 1ows : ¢
A e 1M L
A (4] 6997 <
A 44 (94 v
A 8T $09 t !
E_\4Y o - 1HD 1 3t ¥YIHv K I} (NS M
oo 1H0OAIZ NIV DIV e
F]
3 e G W TS T ——
{ AT g
-
M

LE 140208 T=RYUD0LYNOEHD

: DVUOLYROGH, YN

Lle 0s [HAI3H |




T OR4A THROMATOPAC Tre ) KEFORT No. =29 CHROMATOGRANe? BCCDPT 40 W 05 02 14 5T I8

qu ) e FGa- HS

oo ALCULATION REPORT oo

MM T NE AKLA HETCHT wo0No towC NAME
6 DRI 2382 383
TOTAL 182 383 bl
TORIA THROMATOPAC JHe | HEPORT o =l THROMATOGRANe . ®CCLIT [ LRV SN
- PR
3 —~
m- 8-S
e CALCLLATION REPORT oo “
CH PN T ME WER HELGHT MmO 20 NAME 3
i 3 J Sle 1320 452 M
TCTAL L300 412 a )
T HIA THROMAT R A rel REITRT o @22 UHRVAATICRAMe: ®C.THT 730 PRI A D D I 8
X A, %
C
Mg - S D .

NS @

oo TALCULATION 7EIOKRT oo

SHOPRND T W DAY e 1GHT w 0N o NAUE
R 4 DIRTR B H 2
ToTAL SN a2

R4A THROMATOPAC THey REPORT o 23 CHROMATOGRANM= > ¥CCT4™ 43 AW 0% 9 L5 36 00
by

SRR
A ~S S
.
eo UALCULATION REFORT o6
H MM TIME Akt A ME TUNT w 0NO o AN

1 . ) s ER LY 491

TOTAL 106 491 J



D ORIA CHRUMATORAC Inel KePURT

A T

ve CALULLATION REFTRT oo

oG T Mg antA
3 5 3C8 (240
TOTAL 240
CRIA THROMATOPAC ‘hel REPORY

oo CALCLLATION REPORT s

CH MNO TIME AKREA
B N 3 51l 1383
roTAL T e
TOR4A UHHUMATOR A e REICRT
£ PR

HOMNO ARLA
1 4 ) e 570
TOTAL 1376
C-RIA UHRROMATOR M THe REMORT

T‘.‘u S03

oo CALCULATIUN REPORT oo

CH ANO TieE AREA
1 3 3 303 1283
TOTAL 1283

o 14

No =28

HE HGHT
an

So *lb

WEJCHT
424

o =27

CHROMA TOGRAN BOCOPT T4

CHROMATOGRAM= WOUPT T3

w N

CHROMA TOGRAM > TP T4

kL OND

b OMA TOGH AM= _

2 05 02 iS5 46 93

PN Nl Sl e

NAME

20 25 92 1% 8T 2

4
K
ey @

m- A B3
“ARE
3 05 32 v 83}
m- GioT 77
SAME



;

v sas

® S1..

IRo% 727 660! WwI0L

NN - £0re < t 40!
™I ML InC s N 10t
AN NURN 4 ‘ A oty
A ot

e, INCL onaT W AHD TP AE LA ONNd WO

eo LYO43Y NOILIYIIC IV ee

-

.
LS P T
[+ M»
¥ 15 6. - -
I .
Rt N Ty Lo TeRYYDOLYROMM D Te= O (% aie - WECIYROYN . Yy
n 52 94 Cat ! T 10.
8et Oat ! P
EAEY NG oMl W 1Ml vig PP YRR
os LHOEIY NOLLIYIINY) se
¥ _
13

- -
e - rll.wm|||w ]

0t ¢C . 20 90 0t 050 41208 I=RVHOOL YIS GRS $X 1 TeHD NAOLYNOYHD YrY-

¢ ors are’ TL0L
S ore ary ! Qe € t H
E LAY WG Nl oW 1M P AERA mil OANd HD

0 [MO43Y NOLLYIIDTY o0

J,‘

LI
sH -V D W
AL S T
) P ¢ _
9 Iy 91 TC S€ O At L0 JoRYHOOIYIOHKS ol O% LY TeM> ADLYMOMHD YEY D
4 0t (3 i0.
9%6< (S9N 60y C N
YN N [¢ S M AEL kIO 0NN M
o0 LH0AIR NO[LYTIIDNTN ] e
LY
t
1l
SH-T! - W eowell‘\k
— [

S0 0 a1 TQ S0 O WP Lgl0s TeRYHO0LYIRGHH LI b LeH ICAOLYRTH Yy



® Slaadsn

ery e

AR N

Lmad e

v

® 3

S
[N

Slols otoI0 €0 06 st adtOr TeRYNICIYROEMD
o
H
™ EGR (L]
Swu -7 - W

N (N G Py oo Lkl 0w TERYUDCIYRGAM

Wy st Lt IO S0 O o8 TeRYYO0I NG

ca
«.
"
5
e
19
O
-
5
3
-

8 CeRYUOOLYROEHD

$it otal L0l
st ora: f .
1 ARl OV HO

e [HOIY NOLLIYIDTIYD oo

$
r
t - ——
oft O > o
ste 0% 1H0dIY teH IvAOLIYRTSH XYY
0¢t Sl ..
1,3} Trel 0y 0 £
LR vy m o (LA SHLN
e LHGEIM NCIYTDATTND e
%
t
R S——
J S
[ZUNAPE FYRL LN NAUIYROU. YR
ot L W04
Tor Lt ®O$ C©
JHOE AR m'y
os INOAIN NOILIYVIND YL ee
®
.
7
Py
1 0% JWadd SMO DVJULYROMH. Yre D
ti call ol
el se7 ! [
It s B N
ey kI NN H
eu JHOMIE NCILYYOYL e
"
bl
}
O .
105 |||I|||||||||||Lw
PEELINFS: (kSN DANLYROPD Y



@ _STmadsa

ecy

AN

cu - So-W

PRI N PG TONCY

SH LM W

T BT w0 0 Ce

mye,

B AN

007 Jd1308 ToRYYIOL YIOHH)

B30 LdId0s JeNYHIOLYROEH )

R

LA120Y JeRYUDOI YIS

v

bt A [A PIEN

rer vzt 60y 0 t

LA AERA n NN M2
s LMY WD LYY e

i
[ olll.uﬁ o _

Or~ O LHOEIM teH> PIOIYROR VER-C

$rr 17s! RAPTeN
er 1281 e ¢ 9 .
U1k 1 Y3y mou 0NN M2

o0 INGAIN NOIIYIIY Y, e

W
v
—t
[ P
e
bie Of At LN NAD.YROWM - ¥
it Y I0.
L Y41 ¢0s C t H
1H) I E_I9Y OANd HD

e LYOIY NOILVIIY ee

o?ﬁ\‘L

pa ¢ _

LIRERUNE. ¢YER] [RL N IYAULYWOMH . YN D

R (A3 LN

Wi (2 [ t 1

RO ) Yy mi, AN W
e JHGIIH NGLIYT DTN, e

tos ¢ A ¢

Jte O l¥0MI Teobi NACLYWOYE Y ¥Es

60F .. Lo
6l solt 60¢ t
FLi AR ml NN Mo

o 1HOIIN NOIIYIND IV, ee

-
e o

T ool

e et “ SR L TR



4 - LDmW

Aol [o SRR L}

v 2
fot Lt
LMD viM

IR CTEL IANGAL R RA L SN 1)

[ le

v vas

® Sla.

le 66 6 TC SC Ot 95 JadZDy TeRYHOO0L YINGEHD €Pe Oy lyGd3y RN INIDILYROBHD Yry-
< or [JAq] 10
S Lot [OA 9] los ¢ t H
£ AN h o ong: W FU AN 1 v3uv kB¢ N HD
s 1P04IA NOLIVINDIN es
SH-NY W -
ey € ~
J
ot et TGl O TGO LA I00% TeRUD0L YN MM [ IR SR - NJOLXNOH D ¥y
J9t s R Ty, i FYs
ENERIN Y low. S L] A 00! InQ! 8. % ot
Eak 20 ON tive b4 ¥yl (R4 olg ¢ LA
PNINX 1ot™ ¢ ! \ 99t sl QI 1 .
i P4 irs “ H
| AN [C UM 1T I (g il mn ONNd MO
20 LHOZIN NOIIYIVIIVD e
ST J
L L S S w
s a1 _
YLt
J
€T 6l 10 S0 O €92 14008 IeRYIIDOLYROEHD  fFs O IWaidx el DYdOLYR Yry- o
f 65t qlr! Y104
(334 ! ¢ ¢ v !
E A8 MO ovl: - P ) LERM E_ 1IN AW M

*0 IHOJIE MO TN T DY ee

-\t -
SH-57 ate ||||L

J

USRS B IO TG0 10D TCRYHOOIVROGHD Ty 0% 1NGETN Tek IYATLYROYH . Y |
¢ 8t e .o b STEN
- .
e, ~C ol W P U}
wi\rv_l,\t Ty o u.-
KT e TTownow T e DeRYIICIYRONH) LA WY | * WL LM e vt



.
e
H
L
DoRIA CHRUMATORAC he| KEPORT %o -4t CHRUMATOGRAM=. $CCIHT ue 3G 0% 02 .9 51 6 4
— [
M- T oA
5 93
se TAiCLATION LPORT ee
THPAND T 3 AKEA 1ETUHT [ )] P SAME - 2)(
A : 430 2
N S ) ¢
4 | 403 TSN
ie 2 89
23 NN EE Y
o4 3207 163 A N B et 2 o ]
ol IR : VTt TOLUNE O 0% s KRS
I Vsl HLY v
A Y PEST
3. AR 33 K
3 2R a7 .
33 5 031 T
34 5 403 . : P evres TN (REVEM O G 2 «g /15
(&} BT \ i Yo i3 —daege. NV LENE
Wt N 2. %0
I 4 it T s G aeen ) \TMUENE
W Wty E °.v "5/‘3
3 KRRTS 53
TOTAL 3o NV IR
T ORIA THROMAT D&AC M. SEMVORT Yo 47T CHRUOMATIGRAMS D 800 o7 I 35 62 20 3T <4
1 M= T HSD
L 3 510

4% R
:
3
T ”_-A__"’—b__a_.__f__—__;’s KRO M
R SN
e TALCLLATION HEFUHT oo
THOANG 3 Akt A HE [l (N o o SauEf .
R 1 03: B
LR PYF ST RIS
0 1 KS9 LR} 434 K}
ozt t0z8 31
N 2473 1282 169 D
S 121n 173 ®
0 NETY 5i94 s40 v L
.8 3 209 177 @87 .
P 237 w82 DL A eI TOLENE 0.05 )
R T 16Ty7 1046 L
; 422 4301 292 ¥
19 4789 28404 1300
0 %40 11328 067\
N 5 uAs 1T T N
22 5 06l 109387 646\
IS B 10071 PEYRER i (STVaewory  ewvimeNENE O (Y
.'4 5 48 56077 2N 1 Lyte—teds  2-VIENE s
el I T 10304 I ) ’
now EEY) 529 : BT v 5N
P LY told 257 T
TOTAL 223843 34733 LL S Y



ety

Y roon

NI -¢
roL
INIINR

K 1 AN

500
ot §LS '
bn S
. , .
T se N
» Ov)T W
€l e NYHIOLYIROGEH
‘
H
O el
NG LI De D aRYEI0LYIGEHD

MW

o

UK R

i34

oN

i

(£
fril
9w
¥t 0
E

v 3uy
Sot f
LR
AR
LI
Tamo

. SR NI

M10s
1o © s
8lf tl
(S T8 !
LI I Tt H

a0 IHOIY NIV e

f6R 9

M AOLYROS s ¥

RLFLEN

O

s MY NCHIVTID Y e

T
INJOLYROHMD Yry- 1



® Slmaden

LT

[ERIPETPON

LA AN
L4 R
s -"= w
¢e Tt 01 {0 w0 O LIRS DR ¥
c
E LAY ne
— !
sk -9
L O S [ NG )
E_ LAY MO
-\
su=L2
SO T 0Tt sC 0e TlIaddion

et ¢

NN o el
nNICL A
LR PA wetT oy

Y, »
< Ls
*iL
17 Cr ed €0 80 4 JOSRT bT |
4
£ ASN "

ree e s : :
(SRR TS T *3ny mi. 0NNt H
e LW NCIIVY Y e

L.
pret - .
TeRYATOLYINOUH €1~ 0, 1¥d3Y IRl NGO LYROHHD Y
1344 o1t 1oL
1 [ 304 Lot 0 N !
[s SVR ] U ok 1 Yy I O\ WO
o0 JHOdIN NOITIVIVIND we
.
v
e
TARVADCLYROA  Dle O Ldagdd TeHl OYJCINNOdHL Y-
60¢ reo! Tl
60 MOKH 06 0 !
[CSIH ] 1M1 viny E I ONNg WD
o JHOMIN NOILVIDIY. oo
¥ _
O €
-0 P o e _
TeRY HOOIVROEH Tle 0o LAY Tebi, DYJULYROYHD YT O
0% AL RLPTeN
t Ql_ a Q
N - NIT ¢ B
B . N N *
sl Soy t
o - h Y - KA TN
o LW NCIIVIIIING ee
1. & 4
t _
B0 -
Tol lL
3 .
CeRYIO0L YR D [SEERCASY i ] Cede o AU YROUHD ¥
Qe yeoo A FIEN
o gas L Iu t
Tt Lt s 0 N '
s [l e v3yr E_ Y ONYY M

s JHOMIE NOIIVINT IV, oo

—
r
i

o SOV SN

[
" o /
eos € & [

P T ™ ! o ] LR T U T S



CNFRURNE RV TES [BTEr) e rliva?

S——— 309

<

]

oo CALCLLATION REPORT oo

IS ) TINE SREA
| - ) 899 .01
TITAL 90,

il

T N(NT

TONdA THROMATOR AL [S.LH AEFORT N0 =15

o8 A ULATION HEPORT ew

IH PAND TIME AREA
H 3 DERTVAY 1898
v HRE-E )
TOTAC 232

T-ReA THROMATOPAC THej KEFORT

o8 JALCULATION REFORT »e

i PAM) TINE ARt A
) )3 1037
TOTAL N
Red THROMATUP W “He} TEPORT
T
T— . c

e CALCLLATION REPORT se

CH PG TIME AREA
! 4 J 0} 1747
9 [ 639
TOTAL 2380

ME [ UHT
426
551
o *l&
HELICHT
384
384
RCEEN
HEI(HT

CHMAT AN BT : oo gy L R N

- s T HS

CHROMATOGK AWM= BCJ00T “Te o33 g1 N S v

m - e HS

W N A NAME

34

CHROMATOGRAM~ . 8CI14T 1177 R VL DS TS L A

P~ iy =S

W ONO ~ LAk

CHROMATOGH AM= > ACT0iT Ty ¥ s 03 >0

M= Gy eis

L S L . AYY 3

Cralang

[

T

Y



o "
DRI
se CALCLLATION KEFORT oo
HOPAND) Time AREA s [CHT
N 350 LTh 447
“uTAL 760 3T
KeA THEMATOPAC THe HEPORT o -19

AHW"I‘\ DL

se CALC LATION REPORT oo
[IBE N V] AREA VELLHT
. 3 9 205 392 9
TOTAL 892 67

se JALCLLATION HEPORT oo

1. .

m— T

KEPORT o -20

H AN T APF A
. bl 1450
- H ides
M L) 002
TuTAL 3499
COK4A THROMATUPAC THe LEPORT *
b o .
! m'l PERVN
e 703

oo CALCLLATION KEPORY o0

THOAANG T uE
4 DERI*PS
R LosI
k] i T0%
il [
P 0o 7}

TOTAL

aREA

HE (T

it
153
v

o3

a3
o

CHROMATOGRAM= . 8CTLPT 780

“HROMATOGE AMa . 80 T0RT TN

O NO

CHEOMATOGKAMS . #C7007 (32

PRSI
BT
NAME
ERIDLEE RS I I
_ . .
§ T e HS
LANE
A 58 03 L3 15 AN
~ G -~
B- D75
N AME
2005 03 3 2%l
eTX
ST
-3
S PN
o
R 4.
H\ur..o
NAME
el B
TOLLUENE
ANV AT

, @

«
5

oy

ALty il

s @



e R (LN ALl JCAIR 1] vy me S T
e IHTE N YT Ty ee
. w =S

SH-T-¥ T = Wt )]

7
R A 4 SO (S R T YN GH 9T. o LATY Tesd WUCLYRNS ] Y PR

< £114 1og 1 o,
t314 fof 1 e !
re B N oNe - UMK 4 AE 2 E I S SI A
e IHOIH NCILYTIDIN, e
L4

® Slmadsu

or

ool LS 4 NI Te R PR 0o
r ort (AN RL DU
ore 61l 0y O N !
E A4Y e o A LAk 2] YAy E BN (ANe KO
s [¥OIIN NOTLIYIIND e
sH~-D-C ;
acx
T
£7 Ly ¢ §£0 50w Sho Ldgalor TeRYUDOI Y B tle o 1A Ten ALY Y.
C €94
$99 b !
ELAAN L [GUNE ] JUSIE LA I
1 e
sh- Le-g 108«
: I
€1 9 ¢ f0 $C O¢ PRI 12200 TeNYHOULYIGEM)  f0e Of IMGY IS T I LYW Y
C ur MEN RA P3O
e ty! 10y ' B
ELEAN A Ny . LMK X AEE L ™. 0NN R
os UMY VOIIIYINDIN . we
SH - ;n.r\ l\w -
/
tos L 'y
P €N LeIle TeRYUDOIVRG TT o S e tew Y IENG v



LUT (3.1 te 7 AN
k5 RXAUP SO ' e sy
< vt Tor ( ¢ !
ELLNN ' o oW » BERU E N Ny ML
oo IMOdIY NCILYIIN TN ee
¥ 6 A
s
sr-22-C
1er v
- 7
a¢ 't oLl g0 &0 O¢ 0 ARTIREY YR 82 (Y TR ChE A O LYY e 1YW B Y
Iee 720 osrIzt Wi0l
. \ ! toll re &
VTS ;raee e e s Toer R0 »
o TN ¢ et t 4 .j IS t. @
» \ 26! erar L l6e ¢
\ ra: T LAY
v weet ¢ s
. WOy LeNt 9Lyt
Loz renn CIRY
PN e hph v set % e YA Tt B
T o LY Xt \Lnﬂw\ ore o o
A st fle tes ¢ st
4 et are L2 t1
o1¢ LA H S [
A el LN g 1 a
LR Tlet 8y | 1
S ott AT 0y O t !
EL LA INCL oMl W PUANE 1] AR RS kIS AN W
se JHMOAIY N0V, e
[ S
%
¢
{
< € ®o1 oy 0.
M el Ll R
® £9¢ toy ey ¢ -
E LAY Rt (G N ] FUANE ] Y an . [N SIS

oo INOIN NOIIVTI XN e

B u\tlT(thw P

U S SV Whoo tcous TORYIDOIYROB PRSIk Tebin D CIUROY Yy

r



i s [N Ww1i()

cle ¢l [ 124N ¢ . H
e, RN ™MW IHot3u i ™ [0 X
o0 IHOM3IN NOILYIDIY) e

@ STlmndeu

(Y] u
o O T .

- [E TS N fro Lrl00e TeMYNOCIVRGHMD  TEe O [dUd3y eHI INACIYROMK Y |
© ¢ Tor LXa w0l
s ot a_l (SN :
mee, “ (LI " ETTATE ) vidy Wi O

s0 IHOGJIY NOIIYIAD Y, oo

iNciooe

a
L
t_
sH-22-¢
(LN
I -
or Ir gl el L De TroLelily TeRYNOUIYROYHD  lre O IMad3e oMl DNOIVROMM ¥ex
K706 ¢ay! s Li6ETe MWi0L
L4 alet! ¢ as
DY (S ~ O
L E S ANNUEEE ST o solrid NN [ LI D e
LO Y ¥y 6656¢ - £
_so'm TN skt el * Voren L 1ieaery,01 L2 «
Py 2R A% L KU D KRR t s osing 4§53 0 g7 Y] “ 5
A L oleg sroee .
. s _selt N [N
v telt teTec ¢ »
. (Sl LI ¢ .
10 WL arre : FR e s € ST r o
s 507 [C20 7 )
i ¢IIT A du - t
Lttt 10l N ¢
v Iut [ N z
tto! lot < [
vooely! e ' 0
vlwe st : 3
RO ran 1 .
vt Clw : -
\ 2 sto [€ v
AR T tet ¢ C N :
e A oMY - MO P Yy E_IN A8 Yt
we iHOIN NCILIYIL YL e
[P 3 -
—
0 R - . LI
Mmoo I T/ =
%I g -
[ Y N
Y
§7 o . bt
gr; TR oA T e

E
g

N A SUEEN Y te P08 DoAY NIV iR Y 0C oo Wil 3 R ET ST I TR 2



® Slandsa

ELY N e [ \DAN ]

LI A M L deloe ”

CRYIN0LYROH

T -5 L

O P R L0 50 06 QL. fCIR ToRYHICLYICHH Y

ae” &
e 5970y |
: onleT s L :
I M)‘ ¢ ! .
mye LY [CORER )
LS
x L3
L1 0T @ 0 80 O St. A0y TeNYINIC I YIROM
ELARN w [N 1

[ L e LTy TaRY YW R

ror

ret

JCALE T

.
pd s

ot

PUSE

o,

toal

S« O 1M

1aR

azt

FUAME 21

100"

(3L
9T
[CUN
oy

RGN
e ¢ - \
¥ 4MY I, NS ML
o0 [HOGIN NOLIVYI DY, e
-
¢ /]
I
H RN £ GRS SR LS BN
RSN
s o t
3wt m™o. Ny K2
o LHNIY NOILYTIDOND ee
-

—_—

[RIE
.

P4
INAGIYRDEM vy
B) PICH
“
HE
U ST

SHOMEN NG YN ee

MNATIYRONH . Y P

AP

sy .
™ [L ) SRR,
LW MOV TY L e




-

o8 CALLLLATION KHUITKRT ee

HOERANO TNt Ang a
N » R ui’s
TOTAL rkp
TORIA THKUMATTRAC e, SEFURT
g

o8 CALULLATION HEMOHT e

MO\ TME wha
. i DR L9
TOTAL 1909
O ORIA CHROMATOPAL ey Rt PORT
£ 2GS
ee CALCLLATION REPORT se
ChoPANO 3 AREA
i 2 D308 372
s 1572
S RiA TRROMATOPAW  we ALY 21
Lo
h- PEROE]
I
se CALCULATION REPORT oo
[T NV TIvE AREA
1 i 9 504 1728
TOTAL Bt ]

430

HE(CHT
474

LN ROV =

eRONAT G AMS D 3T -

U
CHRUMATOGHAM=. $CCTET o

HROMATIGUAM- | 30 107 T4

W i oW

weoia ,
N c s 45
\y~ 0w

Save

EDEE NN TOT S

- <
~ -
g-eano

At

#3095 03 T I8 e

Q- A3 HS

IS ENEEE] 10008

T e mHS

(S

WA

Sl

(R

mpeey T @



Slimidran

o (134 feL v L0
S 66t L L0 C by !
ELERN " [C JUSIETY v m, NN HL
oo 1H0dTH NCIIY YL we

- I
A T N R » TR AT YO THe O Ladie T LRI RAE TR TN
< 10Y Wit LGl
er Kot MG T 1
mre, ~ el W LH i . N B
on AN NOLIYTIAN V) e
shn-tv-T
e o 1
A I
Ao
§ORT KD 0w e [ AP DR BT L AUE 78 A% AN & SR B »h M IEROE v
L W g win,
P 14 oot r ¢ H
LA wo o~ - I rian o Nt M
o0 18043 MLV, e
M b -
|
gh-TY T s 1
s L 5
[
PO R S TR 3 PO L0 TARYHOUCIYNOERDY TP O {kiIn led TWAOLYRLH VPN
13 0t ect: AL FTeN
ore ot t oet i !
ELN A [CToRN JUSH ! LRRN L (48 SHUN
XIS INELERVELUR AR\ SN T
~ .
cw-C o - 3
6ot
3
26

L N N e Loy TERYUD0LYRGEH D Teo o Lwa: Ton NYCLIYRIB vty




gt Un_t' el ronena WLGL

® Sliandia

LoRLIT 1ot 6l 3
LA ﬁ an . Q9 ey t9 w ol
A TN el el ¢ S 6lent [T o0 & wl
il vo00w soltg! "woL 2
MQ\ .L.\.\% E TR t 3 M ot Lio0re” (R N
s TINTIML: SsoedPTopSh o L 4 KOTO11! [
ALg [
v ofar £
LA § 1 Ny
N woN e
\ e ol
<« 00" o
! 10N L
L NI esleT oy O voorea s i
}04 - y 5 v 060
\ 33?
s et
. 195"
xr- 2< 291
LNt
NOZY
v (343
Y M-
A 100 0
A sl Wik 0
(%4 regl %1 0 .
k14N . oVl W 1M (g £ N
T oo INOdIN NOLIYINDWD oo

Ve

SH-sm-T }

0s IC CO €0 <0 0 ’ RS o] } (R Ok Ten AOLYROMH. Yty o

69¢ Oowe ! A SIAN
6ot (L et G t i
nrs e [0 ] Pl ] AENL ', OV Ko

se IHarda NOIIYINI YL ee

[ ' I P O T I LT NE B [UKNPEE O TR A Y




Faa WAt el LEFOMT "o %) CHROMATIGKAMS | S0 147 L RVESY

[
20
1 233
H PR
5 274
6 07
# 8
ee A JLLATY
HOAND 4 - 1 (O NG S AME
3 4 1)
" ) \
N ) N
- B \
Kl N A
i :
. \
N A
- Ky
N \
N i} \ -
: \ I X
N 3 \ N TILUENR \ b
~ 3 K > \
k] 1 \
- 1 k) N
. 4 \
Ll : v
N} : \
N B \
FER v 3 L ThY LRENZENE s 7
oo - 3392360 v ) VBN \w "
- - L3R4 v H
N R , 299060 s 5 l6le 103 PEYTYANS 1
R L] 19Rs T T
3 y lvi 48233 T
TOTAL 8913302 20128 Ho32
Kéd  MROMATORAC \ ALPURT o +S2 CHROMATOGRAN®. §C70H] Ly EORTENNVE BERD B ST L
> 4 S-R5-HsD2
oy RIS}
= W L . .
gl i) S =3 . 80
- = il e e P
B R A
3
281
32
2
3 381
(X} N HEPORT
" Wt HE(HT W (N TN
. T4 odl
397 192
1047 [ .
RS 9T v DFr2X
11238 1907
106572 14723
104988 11406
23482 908 v
11984 nuov
ERCET 10005 v
w0813 T80 v ) \w%
332344 30077 v 2 (P
192817 19692 SV
85 T
J212 v
¥308 A
3306 ¥
4203 N
3505 v !
{
333de \ 5 s RO R NTENE \Pw .
|2s2Q7 Y N FR TN RSN SN ) A
3593 v Vo
MITO0 5 (LUN BORT VileME 1o

“OTAL 2219920 344991 103IS 6.0



et MHUMAT b AL Hel wEhaR T o <83

————— 4 00

s CALCLLATION HEHURT oo

ROANG TIME Ahi.A HE LLHT
N 3 LR 1Y 1809 J61
“otac 1309 Joi

I RdA THRUMATOPAC THe| CEPORT o -84

o0 CALCLLATION REINKT oo

CH AN TiME AREA e LT
i 5 Q0 305 4N 84
TOTAL i498 484

I HIA CHROMATOPAC The HEIMRT "o o83

) Fd L
~
8
oo “ALCLLATION REFPORT oo
CH N0 TiNgE AREA VEICHT
. 5 0513 3T 483
TOTAL [ 483

C-RIA THROMATOR K e SEPORT Lo s8¢

e CALCLLATION HEPORT oo
H AN Timg AREA HEIGHT
H 5 0 S 437 492

TOTAL 1437 452

CHROMATOGL AN | &7 4

CHROMATOGRAMS ! SCCOPL 7L,

w00 IO

9
THRUMATOGRAM= D WCT0PY DT
w0 o
\

CHROMATOGHAM=. BCCLw' | JiN

N AMt

A eS 03 I 8S 3T

- TG HS

evey s @

SAME

RUBHLIIVERENEDY B 1)

W S0~ HE

WIS 03 2 1e 3T

2- S&-HS

NAME



' oty Qe vio.
6re EY i tis C t
MY RN [SoCo R ] I a1k 1 ¥ 3yy E_RIN S LN
se LHOGIE VOIIYIIDTY 0 e

[RREEY

i

sh oS ~-2 e
) I
[ SO SO SRR TTA LA TeRYHOOIYRGEHD 6%~ O% IM(xIx  CeH>  ONSOIVROME 1 vty
. e sry” Svin,
* it (222N e ¢
£ e (GO JUIIETT ¥Iqr WL [US ]
oo INOMIH NOIL¥YIIDN e

cmoned ban

st

sy
RN SN SR N TV CI0 Lytade T=RYMDOLYROYHD  Sy= 0% [Had3n Tebll WA VRO ¥
LA Y €Y SEZETT 106 Lo
\ [ IR o
[S3e AT €0t » ar
! ter
M ~t I e T80 t \ ®oloC! [
oWl o6t @
cney as) v s voWRs o3t €
- L Wb Vil
L Hemw ' It
R . .
< O nao LT N vougor ' ~
o . tisT t _
N_S87 N “
vorg N H
A 667 <
89! N t
\ or0! . N
12¢ . T
LY ! [
LU (4 ( .
[ s v
bY 44 L To s t
ELLRN N oG W JUALE T Yiuvy LI . "
s WA NO YN Y e
tglhm
o H”
[
—0n &
sthr .
vt T
ta: t”
R |‘|Cb..'nmvumll
< — s o - T T T ——
829 0 1p¢ nmﬁllllu:; p—————
£ 1ga0e TeRVIFIOLVIRGRRIY  lge O IWMT: ek RONNE s TN




17N REPORT oo

TiME AREA EIGHT
3 DERI Y 404
TaTAL BEL 404

T REA THRUMATOPAC She, REPORT o col

J 3215

- 3 1%

T %

oo JALCULATION REPORT o8

MO TiME AKEA HE 1GHT
A ST bd4 123
el 823 108
D TS 2039 349
3 1370 i54
9 5 Mol e 48
ToTaL 5448 83
T ORdA HROMATOPAC THe P o tu

£, .

a8 CALCLLATION KEFORT oe

oA THE AKEA HELGHT
i 3 9 313 V383 147

TOTAC 1343 It

THRMATOLR AV

L T LN NECE RS I BRG]

ﬂW|4.J\..C

TANC \AME

CHROMATOGRAM= . 6CTW ) 724 G 05 4 W 0b 33

T X
ST

ToNC NAME

2 0470 3ENIENE
2 4768 TOLUENE
2. 15% S-\YLENE

-1

JHE MATOGRANS D 8CCDPY 128 ® 0% 04 20 15 23

\W.I lql\d) s U

JONC N ANE

A

ey @



® _STimnase

[ZARRY

s -7

Zy €% OC

Y

-

<

sw-bN -2

[ & g

st Q

ot re O

LI

-&

Yaos0

e

i3

I

Tl w TeRYHEIC IV

LN [SaSOARER ]

TaCI0e TeRYHODLYROEHD

LAl s TR U0 VRO

CRaze T SR LYK

. M W

SYR e

#o- 0% JHOdIY LN NICLYROEMD YN

1241
JCALE N

®OL O \lM

094! IO
g RO: O N
Yy ml [ X

oo IMG3Y NOIIVID Y

o
“e

L1 1581 W0l
L1 4 L 15 C { !
Lk I AE LA mil DN MO
so JHOATY NOILIYIIDY. we
rrsr
: -
an. 0 193 Cab WA LYROYH. YT
§9¢ IKe Wi,
$% INE s v
JUARE ] YAy kI [N SIS
e IMOdIA WIIVINY L e
sly O -
g
PRI UNISS: TR E .k WL LYROMY . XYY
L 4 ey RV
rot oy iy f t
JURS T AERE EL T NG W
se IWIY NOINTIADIY . e
t JL

[




;

addvee

aza! w o1
P3N e e T * B " o !
i . . .
nao, et T : W ol
e i \ . - .
PN -te [ “
. '
. Co (AN W
N M N
I wo LMt NCIY NN e

® St~

B TS KT -
| . R

XL SO
Qny
2
$n/ . . wopopemape vr
N T TUN 1 N, Ldoy TeRVIOIYRGSL KFo 0 R 13 . yd
[SA SN (en R wio.
WA ¢ 6188 * s ar [EX JRN ‘
£ S AR [OUNERT Iy N [k ont ! 1o § s
INIZAFe  lees T : vovog w0l L T
att tee St 1
IRV AC. oNgT W ILAIR ARAN k1% ONWA W

oo IMOMIN NCTINIDTYL e

. s

x1el :

AR S TG IO 0 CL. G0N TeRVIDULYRGYEL Tl O L Kagde b T "0 U A 20
C oLt gt RASTON
c:t ’ ot '
v e [CE JUEY v n . AN

eo _WaidE N LY D e

. “~
& -
{
mm BTN Sl Ot et SRR N1 AN TR S
& RN ¥ 10,
s s C £ !
mee K [EEN mi. (AN W
oo IHOTE NOLIVINI YL oo
q - \AJ



APFENDIX

G



APPENDIX G

USEPA DATA FROM BAIER SITE GRIDS
ON FEDLER PROPERTY



Sample
No.

DSX22034
DSX22035
DSX22036
DSX22037
DSX22038
DSX22039
DSX22040
DSX220400
DSX22041
DSX22042
DSX22043
DSX22044
DSX22045
DSX22046
DSX22047
DSX22048

Location

H-11
H-11
H-11
-1

-1

-1

J-Nn
J-1
J-n
J-1
K-
K-11
K-11
L-1n
L-1
L-1

Depth

)

G-1
1-2
2-3
0-1
1-2
2-3
0-1
0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-2
2-3

SOIL SAMPLE ANALYTICAL RESULTS (MG/KG)

Date
Collected

/27190
6271190
6/27/90
6/27190
&/27190
6/27190
6/27/90
6/27190
6/27190
6/27/80
6/27/90
6/27/190
6/27190
6/27190
6/27/190
6/27190

DUPONT COUNTY ROAD X-23 SITE

7200
15000
18000

13000
16000
7700

15000
17000
15000

8400
19000

8900
13000
18000

J - The associaled numerical value is an estimated quantity
NO - Not Detected

JENC:LOTUS\TB4THS05

Arsenic

5.1
12
14
58
85
10

74
10
12
81
6.2

n
12

Barium

210
130
160
240
140
170
260
210
140
160
130
220
160
280
120
140

Berythum

ND(1.2)
ND (1.2)
ND(1.2)
ND (1.2)
ND(1.2)
ND(1.2)
ND (1.2)
ND (1.2)
ND (1.2)
ND (1.3)
ND (1.2)
ND (1.2)
ND (1.3)
ND (1 2)
ND (1.2)
ND (1 3)

Cabak

15
13

ND (12)
15

18
ND(12)
18

16

14

ND (13)
ND (12)
17

NOD (13)
18

ND (12)
ND (12)

Chiomium

n
19
21
12
18

"
12
19
22

12
22
13
18
22

Copper

ND(6.2)
13

7

ND (6.2)
10

17

ND (6.2)
ND (6.1)
12

17

12

ND (6 2)
18

ND (b)
12

18



Sample
No.

DSX22034
DSX22035
DSX22036
DSX22037
DSX22038
DSX22039
DSX22040
DSX22040D
DSX22041
DSX22042
DSX22043
DSX22044
DSX22045
DSX22046
DSX22047
DSX22048

J - The associaled numaerical value is an eslimated quantity

lron

11000
22000
27000
12000
20000
23000
12000
13000
22000
25000
22000
12000
26000
13000
21000
26000

ND - Not Detected

SOIL SAMPLE ANALYTICAL RESULTS (MG/KG)
DUPONT COUNTY ROAD X-23 SITE

Manganese

2300
600
270

2500
950
150

2800

2200
770
240
350

2700

4100

1600

3300

4200

JENC:LOTUS\TB4THI05

Nickel

16
18
20
14
16
17
15
18
15
19
12
16
19
18
14
16

Lead

19
"
14
34
18
1
38
22
19
11
12
16
17
20
16
15

Selenium Vanadium

ND (1.2)
ND (1.2)
ND (1.2)
ND (1.2)
ND (1.2)
ND (1.2)
ND (1.2)
ND (1.2)
ND (1.2)
ND (1.2)
ND (1.2)
ND (1.2)
ND (1.2)
ND (1.2)
ND (1.2)
ND (1.2)

23
36
38
25
36
29
24
27
39
37
33
25
34
26
35
36

Zinc

47
59
7
61
54
60
49
49
58
€8
57
51
69
53
54
69




Sample Location Depth  Date
No. {tt.) Collected
DSX22049 M-11 0-1 6/27/90
DSX22050 M-11 1-2  6/27190
DSX22051 M-11 2-3 6727190
DSX22052 N-11 0-1 6/28/90
DSX22053 N-11 1-2 6/28/90
DSX22054  N-11 2-3 6/28/90
DSX22055 O-11 0-1 6/28/90
DSX22056 O-11 1-2 6/28/90
DSX22057 O-11 2-3 6/28/%0
DSX22058 P-11 0-1 6/28/90
DSX22059 P-11 1-2 6/28/90
DSX22060 P-11 2-3 6/28/90
DSX22061 Q-11 0-1 6/28/90
DSX22062 Q-1 1-2 6/28/90
DSX22063 Q-1 2-3 6/28/90
DSX220630 Q-1 2-3 6/28/90

SOIL SAMPLE ANALYTICAL RESULTS (MG/KG)

DUPONT COUNTY ROAD X-23 SITE

Aluminum

8100
14000
17000

6500
18000
18000

8000
12000
16000

9300
18000
17000

8500
21000
21000
18000

J - The associated numerical value i1s an estimated quanity.

NO - Not Detected

JENC:LOTUS\TB4TH905

Arsenic

12
15
5.7
8.2
n
6.9
88
14
53
85
12
6.4
1
"
10

Barium

290
10
120
280
130
130
370
100
140
270
150
130
220
130
140
110

Beryllium

ND (1.2)
ND (1.3)
ND (1.3)
ND (1.2)
ND (10)
ND (1.3)
NOD (1.2)
ND (1.2)
ND (1.3)
ND (1.2)
ND (1.3)
ND (1.3)
ND (1.4)
ND (1.3)
ND (1.3)
ND (1.3)

Cobalt Clwvomium

18
ND (13)
ND (13)
17
14
ND (13)
30
ND (12)
13
21
ND (13)
13
14
ND (13)
ND (14)
ND (13)

12
18
21
10
21
22
1"
17
20
14
22
21
12
23
24
21

Copper

ND (6)
13

18

ND (6.1)
ND (6.1)
16

NOD (6.2)
6.7

16

ND (6)
ND (6)
18

ND (6.8)
18

19

19




SOIL SAMPLE ANALYTICAL RESULTS (MG/KG)
DUPONT COUNTY ROAD X-23 SITE

Sample lron Manganese  Nickel Lead Selenium Vanadium Zinc
No.

DSX22049 12000 1400 15 32 ND (1.2) 25 85
DSX22050 22000 3400 15 15 ND (1.2) 32 57
DSX22051 28000 4100 16 15 ND (1.2) 34 65
DSX22052 11000 1300 10 32 ND (1.2) 22 65
DSX22053 24000 590 17 1J ND (1.2) 46 63
DSX22054 28000 220 23 17J ND (1.2) 40 74
DSX22055 14000 5000 21 484 ND (1.2) 29 66
DSX22056 20000 500 15 20J ND (1.2) 36 50
DSX22057 27000 460 19 23J ND (1.2) 38 70
DSX22058 14000 3100 18 334 ND (1.2) 30 62
DSX22059 23000 500 16 7.7J NO (1.2) 44 63
DSX22060 28000 490 25 244 ND (1.2) 37 73
DSX22061 12000 2100 16 43 ND (1.4) 27 70
DSX22062 26000 170 23 14 ND (1.3) KI:) 73
DSX22063 29000 330 24 14 ND (1.6) 48 76
DSX220630 25000 170 16 13 ND (1.3) 37 n

J - The associaled numerical value is an estimated quantity.
ND - Not Detected

JENC:LOTUS\TBATHSI05 .




Sample
No.

DSX22064
DSX22065
DSX22066
DSX22067
DSX22068
DSX22069
DSX22070
DSX22071
DSX22072
DSX22073
DSX22074
DSX22075
DSX22076
DSX22077
DSX22078

J - The associated numerical value is an estimated quanuity.

Location

R-11
R-11
R-11
S-11
S-11
S-11
T-11
T-11
T-11
1-12
1-12
1-12
J-12
J-12
J-12

ND - Not Detected

JENC:LOTUS\TB4THI05

Depth
(n.)

N—‘ON-‘OMTON-‘ON-‘O
WA = WA = WN = WN =N —

Dale
Collected

6/28/90
6/28/90
6/28/90
6/28/90
6/28/90
6/28/90
6/28/90
6/28/90
6/28/90
7/10/90
7/10/90
7/10/90
7/10/90
7/10/90
7/10/90

SOIL SAMPLE ANALYTICAL RESULTS (MG/KG)

DUPONT COUNTY ROAD X-23 SITE

Aluminum

15000
16000
20000
10000
15000
16000

8300
16000
20000
12000
19000
19000
10000
16000
15000

Arsenic

9.7
83
14
6.1
17
10

12
12
59
9.1

12
12

Barium

140
140
200
150
130
110
190
130
130
170
170
180
180
160
160

Beryllium

ND (1.3)
ND (1.3)
ND (1.3)
ND (1.2)
ND (1.3)
ND (1.2)
ND (1.2)
ND (1.2)
ND (1.3)
ND (1.2)
ND (1.2)
ND (1.3)
ND (1.3)
ND (1.3)
ND (1.3)

Cobalt Chromium

14
ND (13)
ND (13)

18
ND (13)
ND (12)

16
ND (12)
ND (13)

13
ND (12)
ND (13)

20
ND (13)
ND (13)

20
20
23
13
18
19
12
21
24
14
22
22
14
21
19

Copper

13
13
18
ND (6.1)
13
17
ND (6.2)
12
22
ND (6.2)
ND (15)
19
ND (6.3)
ND (16)
19




SOIL SAMPLE ANALYTICAL RESULTS (MG/KG)
DUPONT COUNTY ROAD X-23 SITE

Sample iron Manganese Nickel Lead Selenium Vanadium Zinc
No.

DSX22064 22000 600 14 13 ND (1.3) 40 58
DSX22065 22000 460 15 14 ND (1.3) 41 58
DSX22066 26000 160 22 13 ND (1.3) 39 69
DSX22067 14000 2000 13 20 ND (1.2) 32 45
DSX22068 23000 340 20 20 ND (1.7) 38 59
DSX22069 26000 190 21 12 ND (1.2) 35 69
DSX22070 13000 2100 16 20 ND (1.2) 27 54
DSX22071 22000 470 24 13 ND (1.2) 42 57
DSX22072 30000 240 23 14 ND (1.3) 43 74
DSX22073 14000 2000 16 27 ND (1.2) 3N 45
DSX22074 24000 4200 21 21 ND (1.2) 32 67
DSX22075 24000 4400 20 21 ND (1.3) 35 7
DSX22076 14000 2000 18 18 ND (1.3) 29 47
DSX22077 25000 4000 12 24 ND (1.3) 34 61
DSX22078 25000 4000 18 13 1.5J 32 62

J - The associated numernical value 1s an estimated quantity.
ND - Not Detected

JENC:LOTUS\TB4THI05 .



Sample
No.

DSX22079
DSX22080
DSX22081
DSX22082
DSX22083
DSX22084
DSX22085
DSX22086
DSX22087
DSX22088
DSX22089
DSX22090
DSX22091
DSX22092
DSX22093

J - The associated numerical value is an estimated quantity.

Location

K-12
K-12
K-12
L-12
L-12
L-12
M-12
M-12
M-12
N-12
N-12
N-12
0-12
0-12
0-12

ND - Not Detected

JENC:LOTUS\TB4THI05

Depth
()

U U i ¢t 1 + t+t 9
WA = LWRN = WN=WN=WN =

N-‘ON-‘ON-‘?N-‘ON-‘O

Date
Collected

7/10/90
7/10/90
7110/90
7110/90
7/10/90
7/10/90
7/10/90
7/10/90
7110/90
7/11/90
7/11/90
7/11/90
7/11/90
7/111/90
7/11/90

SOIL SAMPLE ANALYTICAL RESULTS (MG/KG)

DUPONT COUNTY ROAD X-23 SITE

Aluminum

8600
18000
20000
10000
18000

2000
10000
18000
20000
13000
24000
21000
13000
24000
16000

Arsenic

55
12
15
54
9.9
10
6.5
1
14
7.4
12
12
73
13
15

Barium

240
140
180
200
180
200
220
140
260
220
160
170
240
170
190

Beryllium

ND (1.2)
ND (1.2)
ND (1.3)
ND (1.2)
ND (1.3)
ND (1.3)
ND (1.2)
ND (1.2)
ND (1.2)
ND (1.2)
ND (1.3)
ND (1.3)
ND (1.2)
ND (1.3)
ND (1.3)

Cobalt Chromium

16
14
ND (13)
14
ND (13)
ND (13)
14
ND (12)
ND (12)
19
ND (13)
ND (13)
16
ND (13)
ND (13)

1"
23
25
14
22
28
14
21
24
17
27
28
18
27
20

Copper

ND (6.2)
ND (14)
21
ND (6.2)
ND (16)
21
ND (5.9)
ND (9.8)
20
ND (6.1)
19
21
ND (6.1)
20
16



SOIL SAMPLE ANALYTICAL RESULTS (MG/KG)
DUPONT COUNTY ROAD X-23 SITE

Sample Iron Manganese Nickel Lead Selenium Vanadium Zinc
No.

DSX22079 12000 2700 15 20 ND (1.2) 26 44
DSX22080 24000 430 17 23J ND (1.2) 43 64
DSX22081 28000 300 20 24 ND (1.3) 46 73
DSX22082 14000 2100 14 23 ND (1.2) 29 53
DSX22083 24000 190 19 23 ND (1.3) 36 72
DSX22084 26000 270 27 23 ND (1.3) 36 80
DSX22085 13000 2400 17 344 ND (1.2) 28 49
DSX22086 23000 270 17 28 ND (1.2) 42 61
DSX22087 28000 400 22 22 ND (1.2) 42 72
DSX22088 16000 2300 13 N ND (1.2) 35 49
DSX22089 30000 310 21 13 ND (1.3) 50 77
DSX22090 28000 290 26 20 ND (1.3) 46 77
DSX22091 16000 2600 1" 29 ND (1.2) 38 55
D5X22092 30000 180 16 24 ND (1.3) 50 73
DSX22093 25000 1904 16 20J ND (1.3) 32 67

J - The associated numerical value is an estimated quantity.
ND - Not Detected

JENC:LOTUS\TB4THI05



Sample
No.

DSX22094
DSX22095
DSX22096
DSX22097
DSX22098
DSX22099
DSX22100
DSX22101
DSX22102
DSX22103
DSX22104
DSX22105
DSX22106
DSX22107

J - The associated numernical value is an estimated quantity.

Location

P-12
P-12
P-12
Q-12
Q-12
Q-12
R-12
R-12
R-12
S-12
S-12
S-12
A-5
A-5 ()

ND - Not Detected

JEIC:LOTUS\TB4THI05

Depth
(1)

OON—‘ON-‘.ON-‘ON-‘O
- = W = WA= WA = WN -

Date
Collected

711190
7111190
7/11/90
7111/90
7/111/90
7/11/90
7111/90
7/111/90
7/11/90
7/11/90
7/11/90
711190
7111/90
7112190

SOIL SAMPLE ANALYTICAL RESULTS (MG/KG)

DUPONT COUNTY ROAD X-23 SITE

Aluminum

9400
16000
16000

9300
14000
17000
14000
23000
19000
10000
20000
20000

93900

7300

Arsenic

16
13
7.4
14
13
1.7
15
15
10
11
15
43

Barium

130
160
180
160
160
190
130
190
190
170
160
200
480
120

Beryilium

ND (1.2)
ND (1.3)
ND (1.3)
ND (1.2)
ND (1.2)
ND (1.3)
ND (1.4)
ND (1.3)
ND (1.3)
ND (1.3)
ND (1.3)
NO (1.3)
ND (1.3)
ND (1.3)

Cobalt Chromium

13
ND (13)
14
16
ND (12)
16
ND (14)
ND (13)
ND (13)
14
ND (13)
17
18
ND (13)

14
19
21
13
18
21
18
27
22
13
24
24
30
13

Copper

ND (6.2)
ND (12)
16

ND (6.1)
ND (11)
16

ND (7)
17

16

ND (6.3)
ND (11)
17

ND (6.7)
ND (6 6)



SOIL SAMPLE ANALYTICAL RESULTS (MG/KG)
DUPONT COUNTY ROAD X-23 SITE

Sample Iron Manganese Nickel Lead Selenium Vanadium Zinc
No.

DSX22094 15000 1000J ND (9.9) 19J 1.4J 28 42
DSX22095 25000 2504 17 19J ND (1.3) 33 67
DSX22096 26000 400J 20 17J ND (1.3) 39 72
DSX22097 15000 14004 12 244 ND (1.2) 30 42
DSX22098 23000 3304 17 16J 26J 32 56
DSX22099 27000 520J 14 16J ND (1.3) 36 72
DSX22100 19000 6804 16 15J ND (1.4) 41 52
DSX22101 30000 240J 20 16J ND (1.3) 46 83
DSX22102 25000 290J 18 18J ND (1.3) 34 78
DSX22103 16000 1800J " 24J ND (1.3) 29 42
DSX22104 26000 3704 16 21 ND (1.7) 48 66
DSX22105 28000 840J 25 184 ND (1.3) 40 82
DSX22106 13000 1000J ND (10) 6004 ND (1.3) 27 390
DSX22107 11000 640J ND (10) 62J ND (1.3) 21 63

J - The associaled numnerical value 1s an estunated quantity.
ND - Not Detected

JENC:LOTUS\TB4THI05



¥ac15%3l File 47

T
NZ ; UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

Y et REGION 7
25 FUNSTON ROAD
KANSAS CITY KANSAS 66115

! /
DATE: %Tﬂjc@

MEMORANDUM

SUBJECT: Data Transmittal for Activity #: DSX X ,
Site Description: & Y,

FROM: Andrea Jirka vé?

Chief, Laboratory Branch, ENSV

TO: Robert Morby
Chief, Superfund Branch, WSTM

ATTN: ? ]PA}E,’MPMAAA/\

Attached is the data transmittal for the above referenced
site. These data have met all quality assurance requirements

unless indicated otherwise in a data package. This should be

considered a 2/,Partial or Compléte data transmittal
(completes transmittal of y. If you have any

questions or comments, please contact Dee Simmons at 236-3881.

Attachments

cc: Data Files

NOTE: Please see Mary Gerken, SPFD-WSTM, if you want an.
electronic copy of the data.

RECYCLE S



N

DATA REPORTING / QUALTIFICATION CODES

The material was analyzed for, but was not detected. The
associated numerical value is the sample detection limit,

The associated numerical value is an estimated quantity
(explanation attached).

The data are invalid (compound may or may not be present).
Resampling and/or reanalysis is necessary for verification.

Sample neot analyzed.

CODES FOR FLASH POINT DATA

The sample did not ignite or "flash®™. This is the highest
temperature at which the sample was tested. It is possitle
that the material may be ignitable at higher temperatures.

The saxple did ignite or "flash" at the lowest temperature
tested. This is usually the arbient temperature at the tire
of the test. It is possible that the material may be
ignitable at even lower temperatures.



TITLE: DuPont Co.
LAB: SILVER
SAMPLE PREP:

REVIEW LEVEL: 2

SAMPLES

ALUMINUM
ANTIMONY
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CALCIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
MERCURY
NICKEL
POTASSIUM
SELENIUM
SILVER
SODIUM
THALLIUM
VANADIUM
ZINC
CYANIDE

Rd.

ANALYSIS TYP

ANALYST/ENTRY:

DSX22

7200
12
5.1
210
1.0
1.0
2400
11
15
5.0
11000
19
1400
2300
0.10
16
1000
1.0
2.0
1000
2.0
23
47

E: METALS, TOTAL
MATRIX:SEDIMENT
METHOD: CS0788A

DEW REVIEWER: _ ¢ i
DATA FILE : M33

034 DSX22035 DSX22

15000 18000
u 15 U 15
12 14
130 160
u 1.2 U 1.2
u 1.2 U 1.2
1200 U 1800
19 21
13 12
9] 13 17
22000 27000
11 14
3300 4100
600 270
U ~0.12 U 0.12
18 20
u 1200 U 1200
U 1.2 U 1.2
U 2.5 U 2.5
U 1200 U 1200
u 2.5 U 2.5
36 38
59 71

N N

UNITS:
CASE:
DATE:
BASIS:

036

c

cccocaca

MG/ KG
14180
07/18/90

WET /@RT_ P

DSX22037

8800
15
5.8
240
1.3
1.3
2600
13
15
6.3
12000
34
1600
2500
0.13
14
1300
1.3
2.5
1300
2.5
25
61

U

ccaca



ANALYSIS TYPE: METALS, TOTAL

TITLE: DuPont Co. RA4. MATRIX:SEDIMENT UNITS: MG/KG
LAB: SILVER METHOD: CSO0788A CASE: 14180
SAMPLE PREP: ANALYST/ENTRY: DEW REVIEWER: éé: DATE: 07/18/90
REVIEW LEVEL: 2 DATA FILE : M33 BASIS: WET/
SAMPLES DSX22038 DSX220139 DSX22040 DSX22040D

ALUMINUM 13000 16000 7700 3000
ANTIMONY 15 U 15 U 15 U 15 U
ARSENIC 8.5 10 7.0 7.4
BARIUM _ 140 170 260 210
BERYLLIUM 1.2 U 1.2 U 1.2 U 1.2 U
CADMIUM 1.2 U 1.2 U 1.2 U 1.2 U
CALCIUM 1200 U 2000 1900 1800
CHROMIUM 18 20 11 12
COBALT 18 12 U 18 16
COPPER 10 17 6.2 U 6.1 U
IRON 20000 23000 12000 13000
LEAD 18 11 38 22
MAGNESIUM 3000 3800 1400 1600
MANGANESE 950 150 2800 2200
MERCURY 0.12 U _0.12 U 0.12 U 0.12 U
NICKEL 16 17 15 i8
POTASSIUM 1200 U 1200 U 1200 U 1200 U
SELENIUM 1.2 U 1.2 U 1.2 U 1.2 U
SILVER 2.4 U 2.5 U 2.5 U0 2.4 U
SODIUM 1200 U 1200 U 1200 U 1200 U
THALLIUM 2.4 U 2.5 U 2.5 U 2.4 U
VANADIUM 36 29 24 27
ZINC 54 60 49 49

CYANIDE N

Z
~—
L=
-
-



TITLE: DuPont Co.
LAB: SILVER
SAMPLE PREP:

REVIEW LEVEL: 2

SAMPLES

ALUMINUM
ANTIMONY
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CALCIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
MERCURY
NICKEL
POTASSIUM
SELENIUM
SILVER
SODIUM
THALLIUM
VANADIUM
ZINC
CYANIDE

Rd.

ANALYSIS TYPE: METALS, TO

TAL

MATRIX:SEDIMENT

METHOD: C
ANALYST/ENTRY: DEW REVIEWER:
DATA FILE
DSX22041 DSX220
15000 17000
14 U 15
10 12
140 160
1.2 U 1.3
1.2 U 1.3
1200 2000
19 22
14 13
12 17
22000 25000
19 11
3300 4000
770 240
0.12 U _0.13
15 19
1300 1300
1.2 U 1.3
2.4 U 2.5
1200 U 1300
2.4 U 2.5
39 37
58 68

SO798A

M33

42 DSX22
15000
15
8.1
130
1.2
1.2
1500
18

12

12
22000
13
3400
350
0.12
12
1200
1.2
2.4
1200
2.4
33

57

c

ccacaca

UNITS:
CASE:
DATE:
BASIS:

043

c

cccocaa

MG/ KG
14180
07/18/90

WET 4ORKL_WT-

DSX22044

8400
15
6.2
220
1.2
1.2
1600
12
17
6.2
12000
20
1500
2700
0.12
26
1200
1.2
2.5
1200
2.5
25
51

c

ccacaca



TITLE: DuPont Co.
LAB: SILVER
SAMPLE PREP:

REVIEW LEVEL: 2

SAMPLES

~LUMINUM
ANTIMONY
RSENIC
ARIUM
BERYLLIUM
~ADMIUM
ALCIUM
CHROMIUM
COBALT
'OPPER
_RON
LEAD
(AGNESIUM
(ANGANESE
MERCURY
NICKEL
>OTASSIUM
SELENIUM
SILVER
50DIUM
"HALLIUM
VANADIUM
7INC
SYANIDE

Rd.

ANALYSIS TYP

ANALYST/ENTRY:

DSX22

13000
15
14

160
1.3
1.3
2100
22
13
18

26000

17

4100
200
0.13
19
1300
1.3
2.5
1300
2.5
34
69

E: METALS, TOTAL
MATRIX:SEDIMENT
METHOD: CS0788A

DEW REVIEWER: 5;2;_____
DATA FILE :” M33

045 DSX22046 DSX22

8900 13000
u 14 U 15
6.0 11
280 120
u 1.2 U 1.2
U 1.2 U 1.2
1600 1300
13 18
U 18 12
6.0 U 12
13000 21000
20 16
1600 3300
3300 440
u _0.12 U 0.12
18 14
U 1200 U 1200
u 1.2 U 1.2
U 2.4 U 2.5
U 1200 U 1200
U 2.4 U 2.5
26 35
53 54

N N

UNITS:
CASE:
DATE:
BASIS:

047

c

ccaaca

MG/KG
14180
07/18/90

HERLORT L

DSX22048

18000
15
12

140
1.3
1.3
2100
22
13
18

26000

15

4200
230
0.13
16
1300
1.3
2.5
1300
2.5
36
69

(@

ccacac



ANALYSIS TYPE: METALS, TOTAL

TITLE: DuPont Co. Rd. MATRIX:SEDIMENT UNITS: MG/KG
LAB: SILVER METHOD: CSO788A CASE: 14180
SAMPLE PREP: ANALYST/ENTRY: DEW REVIEWER: géé DATE: 07/18/90
REVIEW LEVEL: 2 DATA FILE ¥ M33 BASIS: wsrcgggjiﬁ

SAMPLES DSX22049 DSX22050 DSX22051 DSX22052

ALUMINUM 8100 14000 17000 6500

ANTIMONY 14 U 15 U 15 U 15 U

ARSENIC 5.0 12 15 5.7

BARIUM | 290 110 120 280

BERYLLIUM 1.2 U 1.3 U 1.3 U 1.2 U

CADMIUM 1.2 U 1.3 U 1.3 U 2.2

CALCIUM 1500 1600 2100 1300

CHROMIUM 12 18 21 10

COBALT 18 13 U 13 U 17

COPPER 6.0 U 13 18 6.1 U

IRON 12000 22000 28000 11000

LEAD 32 15 15 32

MAGNESIUM 1400 3400 4100 1300

MANGANESE 2600 250 160 2800

MERCURY 1.2 0.13 U 0.13 U 0.12 U

NICKEL 15 T 15 16 10

POTASSIUM 1200 U 1300 U 1300 U 1200 U

SELENIUM 1.2 U 1.3 U 1.3 U 1.2 U

SILVER 2.4 U 2.5 U 2.5 U 2.4 U

SODIUM 1200 U 1300 U 1300 U 1200 U

THALLIUM 2.4 U 2.5 U 2.5 U 2.4 U

VANADIUM 25 32 34 22

ZINC 85 57 65 65

CYANIDE N N N N



TITLE:
LAB: SILVER
SAMPLE PREP:
REVIEW LEVEL: 2

SAMPLES

ALUMINUM
ANTIMONY
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CALCIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
MERCURY
NICKEL
POTASSIUM
SELENIUM
SILVER
SODIUM
THALLIUM
VANADIUM
ZINC
CYANIDE

DuPont Co.

Rd.

ANALYSIS TYP

ANALYST/ENTRY:

DSX22

18000
12
8.2
130
1.0
1.0
1300
21
14
11
24000
11
3700
530
0.10
17
1500
1.0
2.0
1000
2.0
46
63

E: METALS, TOTAL
MATRIX:SEDIMENT
METHOD: CS078

DEW REVIEWER: % ?

DATA FILE : 3

053 DSX22054 DSX22
19000 8000
u 15 U 15
11 6.9
130 370
U 1.3 U 1.2
U 1.3 U 1.2
2000 1700
22 11
13 U 30
16 6.2
28000 14000
J 17 J 48
4500 1500
220 5000
U _0.13 U 0.12
23 21
1300 1200
U 1.3 U 1.2
U 2.5 U 2.5
U 1300 U 1200
U 2.5 U 2.5
40 29
74 66

N N

UNITS:
CASE:
DATE:
BASIS:

055

ccaaa c

Z

MG /KG
14180

07/18/90

WET

DSX22056

12000
14
8.8
100
1.2
1.2
1200
17
12
6.7
20000
20
2900
500
0.12
15
1200
1.2
2.4
1200
2.4
36
50

C

ccocaaqa



ANALYSIS TYPE: METALS, TOTAL

TITLE: DuPont Co. Rd. MATRIX: SEDIMENT UNITS: MG/KG
LAB: SILVER METHOD: CS0788A CASE: 14180
SAMPLE PREP: ANALYST/ENTRY: DEW REVIEWER: 2 2 DATE: 07/20/90
REVIEW LEVEL: 2 DATA FILE : N33 BASIS: WE

SAMPLES DSX22057 DSX22058 DSX22059 DSX22060

ALUMINUM 16000 9300 18000 17000

ANTIMONY 15 U 14 U 15 U 15 U

ARSENIC 14 5.3 8.5 12

BARIUM _ 140 270 150 130

BERYLLIUM 1.3 U 1.2 U 1.3 U 1.3 U

CADMIUM 1.3 U 1.2 U 1.3 U 1.3 U

CALCIUM 1800 2700 1500 2000

CHROMIUM 20 14 22 21

COBALT 13 21 13 U 13

COPPER 16 6.0 U 11 16

IRON 27000 14000 23000 28000

LEAD 23 J 33 J 7.7 J 24 J

MAGNESIUM 3800 2300 3600 4200

MANGANESE 460 3100 500 490

MERCURY 0.13 U _0.12 U 0.13 U 0.13 U

NICKEL 19 18 16 25

POTASSIUM 1300 U 1200 U 1600 1300 U

SELENIUM 1.3 U 1.2 U 1.3 U 1.3 U

SILVER 2.5 U 2.4 U 2.5 U 2.6 U

SODIUM 1300 U 1200 U 1300 U 1300 U

THALLIUM 2.5 U 2.4 U 2.5 U 2.6 U

VANADIUM 38 30 44 37

ZINC 70 62 63 73

CYANIDE N N N N



ANALYSIS TYPE: METALS, TOTAL

TITLE: DuPont Co. Rd. MATRIX:SEDIMENT UNITS: MG/KG
LAB: SILVER METHOD: CS0788A CASE: 14180
SAMPLE PREP: ANALYST/ENTRY: DEW REVIEWER: ng DATE: 07/19/90
REVIEW LEVEL: 2 DATA FILE 34 BASIS: WET/BRY WL
SAMPLES DSX22061 DSX22062 DSX22063 DSX22063D
ALUMINUM 8500 21000 21000 18000
ANTIMONY 16 U 15 U 16 U 16 U
ARSENIC 6.4 11 11 10
BARIUM : 220 130 140 110
BERYLLIUM 1.4 U 1.3 U 1.4 U 1.3 U
CADMIUM 1.4 U 1.3 U 1.4 U 1.3 U
CALCIUM 2200 2000 2200 2200
CHROMIUM 12 23 24 21
COBALT 14 13 U 14 U 13 U
COPPER 6.8 U 18 19 19
IRON 12000 26000 29000 25000
LEAD 43 14 14 13
MAGNESIUM 1700 4500 4600 4300
MANGANESE 2100 170 330 170
MERCURY 0.14 U _0.13 U 0.14 U 0.13 U
NICKEL 16 23 24 ‘16
POTASSIUM 1400 U 1300 U 1400 U 1300 U
SELENIUM 1.4 U 1.3 U 1.6 U 1.3 U
SILVER 2.7 U 2.5 U 2.7 U 2.7 U
SODIUM 1400 U 1300 U 1400 U 1300 U
THALLIUM 2.7 U 2.5 U 2.7 U 2.7 U
VANADIUM 27 38 48 37
ZINC 70 73 76 71
CYANIDE N N N N



TITLE: DuPont Co.

LAB: SILVER
SAMPLE PREP:

REVIEW LEVEL: 2

SAMPLES

ALUMINUM
ANTIMONY
\RSENIC
IARIUM
BERYLLIUM
~ADMIUM
SALCIUM
CHROMIUM
COBALT
JOPPER
(RON
LEAD
MAGNESIUM
4ANGANESE
MERCURY
NICKEL
POTASSIUM
SELENIUM
SILVER
50DIUM
THALLIUM
VANADIUM
ZINC
CYANIDE

Rd.

ANALYSIS TYPE: METALS,

MATRIX:SEDIMENT
METHOD: CSO0O788A

ANALYST/ENTRY: DEW REVIEWER:

DSX22064

15000
15
9.7
140
1.3
1.3
1600
20
14
13
22000
13
3500
600
0.13
14
1300
1.3
2.6
1300
2.6
40
58

cccca o

4

DATA FILE

DSX22065

16000
16
9.3
140
1.3
1.3
1600
20

13

13
22000
14
3500
460
_0.13
15
1300
1.3
2.6
1300
2.6
41

58

TOTAL

accacaca <

4

M34

DSX22

20000
15
14

200
1.3
1.3
2200
23
13
18

26000

13

4300
160
0.13
22
1300
1.3
2.6
1300
2.6
39
69

UNITS:
CASE:
DATE:
BASIS:

066

c

ccacca

MG/KG
14180

07/19/90

WET/

DSX22067

10000
15
6.1
150
1.2
1.2
1600
13
18
6.1
14000
20
1800
2000
0.12
13
1200
1.2
2.4
1200
2.4
32
45

a

ccccaccac

WT



TITLE:
LAB: SILVER
SAMPLE PREP:

REVIEW LEVEL: 2

SAMPLES

\LUMINUM
ANTIMONY
\RSENIC
JARIUM
BERYLLIUM
CADMIUM
*ALCIUM
ZHROMIUM
COBALT
JOPPER
IRON
LEAD
MAGNESIUM
1ANGANESE
AERCURY
NICKEL
POTASSIUM
SELENIUM
SILVER
SODIUM
THALLIUM
VANADIUM
ZINC
CYANIDE

DuPont Co.

Rd.

ANALYSIS TYP

ANALYST/ENTRY:

DSX22

15000
15
17

130
1.3
1.3
1400
18
13
13

23000

20

3600
340
0.13
20
1300
1.7
2.5
1300
2.5
38
59

E: METALS, TOTAL
MATRIX:SEDIMENT
METHOD: CS0788A

DEW REVIEWER: #
DATA FILE : M34

068 DSX22069 DSX22

16000 8300
U 15 U 15
10 6.0
110 190
U 1.2 U 1.2
U 1.2 U 1.2
2200 1700
19 12
U 12 U 16
17 6.2
26000 13000
12 20
4000 1600
190 2100
U _0.12 U 0.12
21 16
U 1200 U 1200
U 1.2 U 1.2
U 2.5 U 2.5
U 1200 U 1200
u 2.5 U 2.5
35 27
69 54

N N

UNITS:
CASE:
DATE:
BASIS:

070

(@

ccacaca

MG/KG
14180

07/19/90

WET LT

DSX22071

16000
15
12

130
1.2
1.2
2100
21
12
12

22000

13

3700
470
0.12
a4
1200
1.2
2.5
1200
2.5
42
57

ccaccaccac



TITLE: DuPont Co.

LAB: SILVER
SAMPLE PREP:

REVIEW LEVEL: 2

SAMPLES

ALUMINUM
ANTIMONY
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CALCIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
MERCURY
NICKEL
POTASSIUM
SELENIUM
SILVER
SODIUM
THALLIUM
VANADIUM
ZINC
CYANIDE

Rd.

ANALYSIS TYPE: METALS,

ANALYST/ENTRY:

DS¥X22072

20000
15
12

130
1.3
1.3
2400
24
13
22

30000

14

4700
240
0.13
23
1300
1.3
2.5
1300
2.5
43
74

TOTAL

MATRIX:SEDIMENT

METHOD: CS

DEW REVIEWER:

ccacaac (o}

Z

DATA FILE

078§A

M34

UNITS:
CASE:
DATE:
BASIS:

MG /KG
14180
07/19/90

WET/

0



ANALYSIS TYPE: METALS, TOTAL

TITLE: DuPont County Road MATRIX:SEDIMENT UNITS: MG/KG
LAB: SILVER METHOD: CSO0788A CASE: 14180
SAMPLE PREP: ANALYST/ENTRY: DEW REVIEWER: 52 DATE: 07/31/90
REVIEW LEVEL: 2 DATA FILE : M44 BASIS: WET(EEX,E?’
SAMPLES DSX22073 DSX22074 DSX22075 DSX22076
ALUMINUM 12000 19000 19000 10000
ANTIMONY 15 U 15 U 15 U 15 U
3RSENIC 5.9 9.1 8.0 6.0
3ARIUM ) 170 170 180 180
SBERYLLIUM 1.2 U 1.2 U 1.3 U 1.3 U
CADMIUM 1.2 U 1.2 U 1.3 U 1.3 U
CALCIUM 1800 1500 2100 1500
CHROMIUM 14 22 22 14
COBALT 13 12 U 13 U 20
ZOPPER 6.2 U 15 U 19 6.3 U
[RON 14000 24000 24000 14000
LEAD 27 21 21 18
MAGNESIUM 2000 4200 4400 2000
1ANGANESE 1600 180 130 1900
MERCURY 0.12 U _0.12 U 0.13 U 0.13 U
NICKEL 16 21 20 18
POTASSIUM 1300 1300 1300 1500
SELENIUM 1.2 U 1.2 U 1.3 U 1.3 U
SILVER 2.5 U 2.4 U 2.5 U 2.5 U
S0DIUM 1200 U 1200 U 1300 U 1300 U
T'HALLIUM 2.5 U 2.4 U 2.5 U 2.5 U
VANADIUM 31 32 35 29
ZINC 45 67 71 47

ZYANIDE N N N N



ANALYSIS TYPE: METALS, TOTAL

TITLE: DuPont County Road MATRIX:SEDIMENT UNITS: MG/KG
LAB: SILVER METHOD: CS0788A CASE: 14180
SAMPLE PREP: ANALYST/ENTRY: DEW REVIEWER: DATE: 07/31/90
REVIEW LEVEL: 2 DATA FILE §;4 BASIS: WET/BRL WL

SAMPLES DSX22077 DSX22078 DSX22079 DSX22080

ALUMINUM 16000 15000 8600 18000

ANTIMONY 15 U 15 U 15 U 15 U

ARSENIC 12 12 5.5 12
3ARIUM _ 160 160 240 140

3ERYLLIUM 1.3 U 1.3 U 1.2 U 1.2 U

CADMIUM 1.3 U 1.3 U 1.2 U 1.2 U
SALCIUM 1900 2000 2100 2000
ZHROMIUM 21 19 11 23

COBALT 13 U 13 U 16 14

COPPER 16 U 19 6.2 U 14 U
[RON 25000 25000 12000 24000

LEAD 24 13 20 23 J

MAGNESIUM 4000 4000 1500 4000

MANGANESE 150 240 2700 430

4ERCURY 0.13 U _0.13 U 0.12 U 0.12 U

NICKEL 12 18 15 17

POTASSIUM 1300 U 1300 U 1200 U 1500

SELENIUM 1.3 U 1.5 J 1.2 U 1.2 U

SILVER 2.6 U 2.5 U 2.5 U 2.5 U

SODIUM 1300 U 1300 U 1200 U 1200 U

THALLIUM 2.6 U 2.5 U 2.5 U 2.5 U

VANADIUM 34 32 26 43

ZINC 61 62 44 64

CYANIDE N N N N



ANALYSIS TYPE: METALS, TOTAL

TITLE: DuPont County Road MATRIX:SEDIMENT UNITS: MG/KG
LAB: SILVER METHOD: CS0788A CASE: 14180
SAMPLE PREP: ANALYST/ENTRY: DEW REVIEWER: 57 DATE: 07/31/90
REVIEW LEVEL: 2 DATA FILE : M44 BASIS: WETAMIEY WL
SAMPLES DSX22081 DSX22082 DSX22083 DSX22084
ALUMINUM 20000 10000 19000 20000
ANTIMONY 15 U 15 U 15 U 15 U
ARSENIC 15 5.4 9.9 10
BARIUM 180 200 180 200
BERYLLIUM ' 1.3 U 1.2 U 1.3 U 1.3 U
CADMIUM 1.3 U 1.2 U 1.3 U 1.3 U
CALCIUM 2200 2100 2000 2300
CHROMIUM 25 14 22 28
COBALT 13 U 14 13 U 13 U
COPPER 21 6.2 U 16 U 21
IRON 28000 14000 24000 26000
LEAD 24 23 23 23
MAGNESIUM 4500 1900 4300 4600
MANGANESE 300 2100 190 270
MERCURY 0.13 U 0.12 U 0.13 U 0.13 U
NICKEL 20 T 14 19 27
POTASSIUM 1500 1200 U 1300 U 1300 U
SELENIUM 1.3 U 1.2 U 1.3 U 1.3 U
SILVER 2.5 U 2.5 U 2.5 U 2.6 U
SODIUM 1300 U 1200 U 1300 U 1300 U
THALLIUM 2.5 U 2.5 U 2.5 U 2.6 U
VANADIUM 46 29 36 36
ZINC 73 53 72 80

CYANIDE N N N N



ANALYSIS TYPE: METALS, TOTAL

TITLE: DuPont County Road MATRIX: SEDIMENT UNITS: MG/KG
LAB: SILVER METHOD: CS0788 CASE: 14180
SAMPLE PREP: ANALYST/ENTRY: DEW REVIEWER: 522 DATE: 07/31/90
REVIEW LEVEL: 2 DATA FILE : M44 BASIS: WET/
SAMPLES DSX22085 DSX22086 DSX22087 DSX22088
ALUMINUM 10000 18000 20000 13000
ANTIMONY 14 U 15 U 15 U 15 U
ARSENIC 6.5 11 14 7.4
3ARIUM 220 140 260 220
BERYLLIUM ' 1.2 U 1.2 U 1.2 U 1.2 U
CADMIUM 1.2 U 1.2 U 1.2 U 1.2 U
CALCIUM 1600 1400 2100 1500
CHROMIUM 14 21 24 17
COBALT 14 12 U 12 U 19
ZOPPER 5.9 U 9.8 U 20 6.1 U
IRON 13000 23000 28000 16000
LEAD 34 J 28 22 31
MAGNESIUM 1800 3800 4500 2300
MANGANESE 2400 270 400 2300
MERCURY 0.12 U 0.12 U 0.12 U 0.12 U
NICKEL 17 I 22 13
2OTASSIUM 1200 U 1500 1300 1200
SELENIUM 1.2 U 1.2 U 1.2 U 1.2 U
SILVER 2.4 U 2.4 U 2.5 U 2.4 U
SODIUM 1200 U 1200 U 1200 U 1200 U
FHALLIUM 2.4 U 2.4 U 2.5 U 2.4 U
VANADIUM 28 42 42 35
2ZINC 49 61 72 49
ZYANIDE N N N N



TITLE:
LAB: SILVER
SAMPLE PREP:
REVIEW LEVEL:

SAMPLES

LUMINUM
ANTIMONY
BARSENIC

ARIUM
oERYLLIUM

-CADMIUM

ALCIUM

HROMIUM
COBALT
“OPPER

RON
LEAD
MAGNESIUM

ANGANESE
..ERCURY
NICKEL

OTASSIUM

ELENIUM
SILVER
“ODIUM

HALLIUM
vANADIUM
ZINC

YANIDE

2

ANALYSIS TYPE:

DuPont County Road

ANALYST/ENTRY:

DSX22089

24000
15 U
12

160
1.3 U
1.3 U
1800
27
13 U
19

30000

13
5100
310
0.13 U
21
1600
1.3
2.5
1300
2.5
50
77

cccc

METALS, TOTAL

MATRIX:SEDIMENT
METHOD:

DEW REVIEWER:

CSO7882
DATA FILE : 44

DSX22090

21000
15 U
12
170
1.3 U
1.3 U
2200
28
13 U
21
29000
20
4800
290
~0.13 U
26
1400
1.3
2.5
1300
2.5
a6
77

cccc

UNITS:

CAS

DSX22091

13000
15 U
7.3
240
1.2 U
1.2 U
1600
18
16
6.1 U
16000
29
2200
2600
0.12 U
11
1200
1.2
2.4
1200
2.4
38
55

cccc

E:

DATE:
BASIS:

ew.

MG/KG
14180
07/31/90

WET /QRL_WE"

DSX22092

24000
15 U
13

170
1.3 U
1.3 U
2000
27
13 U
20

30000

24
5000
180
0.13 U
1%
1500
1.3
2.5
1300
2.5
50
73

ccca



ANALYSIS TYPE: METALS, TOTAL

TITLE: DuPont County Road MATRIX:SEDIMENT UNITS: MG/KG
LAB: SILVER METHOD: CS0788A CASE: 14180
SAMPLE PREP: ANALYST/ENTRY: DEW REVIEWER: 4;;% DATE: 07/30/90
REVIEW LEVEL: 2 DATA FILE 43 BASIS: wETkggg;EE:

SAMPLES DSX22093 DSX22094 DSX22095 DSX22096

..LUMINUM 16000 9400 16000 16000

ANTIMONY 15 U 15 U 16 U 15 U
RSENIC 15 9.0 16 13
ARIUM . 190 130 160 180

BERYLLIUM 1.3 U 1.2 U 1.3 U 1.3 U

~ADMIUM 1.3 U 1.2 U 1.3 U 1.3 U
ALCIUM 2100 2200 2200 2300

CHROMIUM 20 14 19 21

COBALT 13 U 13 13 U 14
OPPER 16 6.2 U 12 U 16
RON 25000 15000 25000 26000

LEAD 20 J 19 J 19 J 17 J

“"AGNESIUM 4000 2200 3900 4200
ANGANESE 190 J 1000 J 250 J 400 J

MERCURY 0.13 U _0.12 U 0.13 U 0.13 U

NICKEL 16 9.9 U 17 20
OTASSIUM 1300 U 1200 U 1300 U 1300

ELENIUM 1.3 U 1.4 J 1.3 U 1.3 U

SILVER 2.5 U 2.5 U 2.6 U 2.5 U
ODIUM 1300 U 1200 U 1300 U 1300 U
HALLIUM 2.5 U 2.5 U 2.6 U 2.5 U

VANADIUM 32 28 33 39

~INC 67 42 67 72
'YANIDE N N N N



ANALYSIS TYPE: METALS, TOTAL

TITLE: DuPont County Road MATRIX:SEDIMENT UNITS: MG/KG
LAB: SILVER METHOD: CS0788 CASE: 14180
SAMPLE PREP: ANALYST/ENTRY: DEW REVIEWER: gé DATE: 07/30/?_,__
REVIEW LEVEL: 2 DATA FILE : M43 BASIS: WET/ORY WT
SAMPLES DSX22097 DSX22098 DSX22099 DSX22100

ALUMINUM 9300 14000 17000 14000
ANTIMONY 15 U 15 U 15 U 17 U
ARSENIC 7.4 14 13 7.7
BARIUM 160 160 190 130
BERYLLIUM 1.2 U 1.2 U 1.3 U 1.4 U
CADMIUM 1.2 U 1.2 U 1.3 U 1.4 U
CALCIUM 2100 1900 2300 1600
CHROMIUM 13 18 21 18
COBALT 16 12 U 16 14 U
COPPER 6.1 U 11 U 16 7.0 U
IRON 15000 23000 27000 19000
LEAD 24 J 16 J 16 J 15 J
MAGNESIUM 2000 3500 4200 2900
MANGANESE 1400 J 330 J 520 J 680 J
MERCURY 0.12 U _0.12 U 0.13 U 0.14 U
NICKEL 12 17 14 36
POTASSIUM 1200 U 1200 U 1300 U 1400 U
SELENTIUM 1.2 U 2.6 J 1.3 U 1.4 U
SILVER 2.4 U 2.5 U 2.6 U 2.8 U
SODIUM 1200 U 1200 U 1300 U 1400 U
THALLIUM 2.4 U 2.5 U 2.6 U 2.8 U
VANADIUM 30 32 36 41
ZINC 42 56 72 52
CYANIDE N N N N



TITLE: DuPont County Road
LAB: SILVER

SAMPLE PREP:
REVIEW LEVEL:

SAMPLES

..LUMINUM
ANTIMONY
RSENIC
ARIUM
BERYLLIUM
~ADMIUM
‘ALCIUM
CHROMIUM
COBALT
"OPPER
ZRON
LEAD
AAGNESIUM
AANGANESE
MERCURY
NICKEL
POTASSIUM
SELENTUM
SILVER
SODIUM
THALLIUM
VANADIUM
ZINC
CYANIDE

ANALYST/ENTRY:

23000
16
15

190
1.3
1.3
2100
27
13
17

30000

16

4900
240
0.13
20
1400
1.3
2.6
1300
2.6
46
83

ANALYSIS TYPE: METALS,

DSX22101

(el &

ccaca

19000
15

15
190
1.3
1.3
2200
22

13

16
25000
18
4300
290

_0.13

18
1300
1.3
2.6
1300
2.6
34
78

TOTAL

MATRIX:SEDIMENT
METHOD: CSO0788A
DEW REVIEWER:
DATA FILE

DSX22102

10000
15
10

170
1.3
1.3
1400
13
14
6.3

16000

24
2200
1800
0.13

11
1300

1.3
2.5
1300
2.5
29
42

UNITS:

CASE:
DATE:

BASIS:

DSX22103

cacaocac auy

Z

MG/KG
14180

07/30/90

WET/

DSX22104

20000
16
11

160
1.3
1.3
1600
24
13
11

26000

21

4200
370
0.13
L6
1600
1.7
2.6
1300
2.6
48
66

[l

ccay



ANALYSIS TYPE: METALS, TOTAL

TITLE: DuPont County Road MATRIX:SEDIMENT UNITS: MG/KG
LAB: SILVER METHOD: CS078 CASE: 14180
SAMPLE PREP: ANALYST/ENTRY: DEW REVIEWER: w DATE: 07/31/90
REVIEW LEVEL: 2 DATA FILE : m43 BASIS: WETQ/ORY WD~

SAMPLES DSX22105 DSX22106 DSX22107

ALUMINUM 20000 9900 7300

ANTIMONY 16 U 15 U 16 U

ARSENIC 15 4.3 6.0

BARIUM : 200 480 120

BERYLLIUM 1.3 U 1.3 U 1.3 U

CADMIUM 1.3 U 8.0 1.3 U

CALCIUM 2200 1300 U 1300 U

CHROMIUM 24 30 13

COBALT 17 18 13 U

COPPER 17 6.7 U 6.6 U

IRON 28000 13000 11000

LEAD 18 J 600 J 62 J

MAGNESIUM 4700 1600 1300 U

MANGANESE 840 J 1000 J 640 J

MERCURY 0.13 U _0.13 U 0.13 U

NICKEL 25 10 U 10 U .

POTASSIUM 1500 1300 U 1300 U

SELENIUM 1.3 U 1.3 U 1.3 U

SILVER 2.6 U 2.5 U 2.6 U

SODIUM 1300 U 1300 U 1300 U

THALLIUM 2.6 U 2.5 U 2.6 U

VANADIUM 40 27 21

ZINC 82 390 63

CYANIDE N N N



U.S. ENVIRONMENTAL PROTECTION AGENCY

ENVIRONMENTAL SERVICES ASSISTANCE TEAM -- Zone II
ICF Technology, Inc. ESAT Region VII
NSI Technology Services
NSI Technology Services Corp. 25 Funston Road
Kansas City, KS 66115
The Bionetics Corp. (913) 236-3881
TO: Debra Morey
Data Review Task Monitor
THRU: Harold Brown, Ph.D.
ESAT Deputy Project Officer, EPA
FROM: D. Eric WOodlandfzzZ
ESAT Data Reviewer
THRU: Ronald A. Ross

ESAT Team Manager

DATE: July 19, 1990
SUBJECT: Review of inorganic data for DuPont County Rd.

TID# 07-9003-329

ASSIGNMENT# 5334

ICF ACCT# 26-329-02

NSI S.O.# 4633-3292 .

These data were reviewed primarily according to the
"Laboratory Data Validation Functional Guidelines for Evaluating
Inorganic Analyses," July 1988 revision with changes given in the
Regicon VII Inorganic Data Review Training Manual and EPA memoranda.

The following comments and attached data sheets are a result
of the [SAT review, according to EPA policies, of the followlng
data from the contract laboratory.

4

CASE NO.: 14180 LABORATORY: SILVER
SITE: DuPont Co. Rd. METHOD NO.: (CSQ0788A
REVIEWER: D. Eric Woodland EPA ACTIVITY NO.: DSX22

MATRIX: SOIL

TOTAL METALS TOTAL METALS
SMO Sample No. EPA Sample No. SMO Sample No. EPA Sample HNo.
MGG121 DSX22034 MGG814 DSX22043
MGG122 D5X22035 MGG815 DSX22044
MGG123 DSX22036 MGG816 DSX22045
MGG124 DSX22037 MGG817 " DSX22046
MGG125 DSX22038 MGG818 DSX22047
MGG809 DSX22039 MGG819 DSX22048
MGG810 DSX22040 MGG820 DSX22049
MGG3811 DSX22040D MGG821 DSX22050
MGG812 DSX22041 MGG822 DSX22051

MGG813 NSX22042 MGG823 DSX22052



GENERAL

This data review assignment covers TWENTY SOIL samples
analyzed for TOTAL METALS for case number 14180. There was one
field duplicate and no field blanks or performance samples included
with this assignment.

1. Technical Holding Times / Preservation

Technical holding times are not defined for soil samples.

2. Initial and Continuing Calibration

All percent recoveries were within control limits.
3. Blanks

Several analytes were detected in the blanks. Corresponding
sample results were qualified according to the blank rule using
five times the highest blank value. Sample results requiring
modification are reported as non-detect on the attached data
sheets.

TOTAL METALS

(SOIL)
5 x Highest
Analyte Blank (mg/Kqg) Qualified Samples .
Al 55 None qualified
Ca 67 None qualified
Cu 3.6 DSX22040,~040D,-044,-049 and -052
Fe 51 None qualified
Mg 69 None qualified
Tl 2.4 DSX22034,-035,-036,-038,~-039,-041,

-043,-047,-048,-049,~-050,-051 & -052

4. ICP Interference Check

Recoveries of solution AB analytes were within control limits.

S. Laboratory Control Standard (LCS)

LCS results were within established control limits.

6. Duplicates

The RPDs for all analytes were within control limits.

7. Matrix Spike Sample

Sb and Se were out of range for matrix splke recovery. All
results for these samples were non-detect, so no coding was
necessary.



8. ICP Serial Dilution

All results were within limits.

9. Furnace Atomic Absorption

The analytical scheme was followed for Furnace AA analysis.
MSA correlation coefficients were acceptable.

10. Summary

Several results for Cu and Tl were qualified according to the
blank rule. No other sample results were coded.

This data package is acceptable 1in terms of requirements for
accuracy, precision, and completeness as described in SOP 9561M00.



U.S. ENVIRONMENTAL PROTECTION AGENCY

ENVIRONMENTAL SERVICES ASSISTANCE TEAM -- 2one II
ICF Technology, Inc. ESAT Region VII
HSI Technology Services
NSI Technology Services Corp. 25 Funston Road
Kansas City, KS 66115
The Bionetics Corp. (913) 236-3881
TO: Debra Morey
Data Review Task Monitor
THRU: Harold Brown, Ph.D.
ESAT Deputy Project Officer, EPA
FROM: D. Eric WOodland§y>
ESAT Data Reviewer
THRU: Ronald A. Ross

ESAT Team Manager

DATE: July 19, 1990
SUBJECT: Review of 1lnorganic data for DuPont County Rd.

TID# 07-9003-329

ASSIGNMENT# 533B

ICF ACCT# 26-329-02

NSI S.O0.# 4633-3292 .

These data were reviewed primarily according to the
"Laboratory Data Validation Functional Guidelines for Evaluating
Inorganic Analyses," July 1988 revision with changes given in the
Region VII Inorganic Data Review Training Manual and EPA memoranda.

The following comments and attached data sheets are a result
of the ESAT review, according to EPA policies, of the following
data from the contract laboratory.

CASE NO.: 14180 LABORATORY : SILVER
SITE: DuPont Co. Rd. METHOD NO. : CS0788A
REVIEWER: D. Eric Woodland EPA ACTIVITY NO.: DSX22

MATRIX: SOIL

TOTAIL. METALS
SMO Sample No. EPA Sample No.

MGG824 DSX22053
MGG825 DSX22054
MGG826 DSX22055
MGG827 : DSX22056
MGG828 DSX22057
MGG829 DSX22058
MGGB30 DSX22059

MGG831 DSX22060



GENERAL

This data review assignment covers EIGHT SOIL samples analyzed
for TOTAL METALS for case number 14180. There were no field
duplicates, field blanks or performance samples included with this
assignment.

1. Technical Holding Times / Preservation

Technical holding times are not defined for soil samples.

2. Initial] and Continuing Calibration

All percent recoveries were within control limits.

3. Blanks

Several analytes were detected 1n the blanks. Corresponding
sample results were qualified according to the blank rule using
five times the highest blank wvalue. Sample results requiring

modification are reported as non-detect on the attached data
sheets.
TOTAL METALS

(SOIL)
5 x Hlghest
Analyte Blank (mg/kg) Qualilfied Samples
al 55 None qualified
As 2.4 None gualified
Fe 13 None qualified
Pb 1.8 None qualified
Mn 5.2 None qualified

4. ICP Interference Check

Recoveries of solution AB analytes were within control limits.

S. Laboratory Control Standard (LCS)

LCS results were within established control limits.

6. Duplicates

The RPDs for all analytes were within control limits.

7. Matrix Spike Sample

Sb and Pb were out of range for matrix spike recovery. All Sb
results for these samples were non-detect, so no coding was
necessary. All Pb results were J coded.



8. ICP Serial Dilution

All results were within limits.

9. Furnace Atomic Absorption

The analytical scheme was followed for Furnace AA analysis.
MSA correlation coefficients were acceptable.

10. Summary

All sample results for Pb were J coded because of the matrix
spike recovery. No other sample results were coded.

This data package is acceptable in terms of requirements for
accuracy, precision, and completeness as described in SOP 9561M0O.



U.S. ENVIRONMENTAL PROTECTION AGENCY

ENVIRONMENTAL SERVICES ASSISTANCE TEAM -- Zone II
ICF Technology, Inc. ESAT Region VII
NSI Technology Services
NSI Technology Services Corp. 25 Funston Road
Kansas City, KS 66115
The Bionetics Corp. (913) 236-3881
TO: Debra Morey
Data Review Task Monitor
THRU: Harold Brown, Ph.D.
ESAT Deputy Project Officer, EPA
FROM: D. Eric Woodland @
ESAT Data Reviewer
THRU: Ronald A. Ross

ESAT Team Manager

DATE: July 19, 1990
SUBJECT: Review of inorganic data for DuPont County Road.

TID# 07-9003-329

ASSIGNMENT# 534

ICF ACCT# 26-329-02

NSI S.O.# 4633-3292 .

These data were reviewed primarily according to the
"Laboratory Data Validation Functional Guidelines for Evaluating
Inorganic Analyses,' July 1988 revision with changes given in the
Region VII Inorganic Data Review Training Manual and EPA memoranda.

The following comments and attached data sheets are a result
of the ESAT review, according to EPA policies, of the following
data from the contract laboratory.

CASE NO.: 14180 LABORATORY: SILVER

SITE: DuPont Co. Rd. METHOD NO.: CS0788A

REVIEWER: D. Eric Woodland EPA ACTIVITY NO.: DSX22

MATRIX: SOIL

SMO Sample No. EPA Sample No. SMO Sample No. EPA Sample No.
MGH603 DSX22061 MGH610 DSX22067
MGH604 DSX22062 MGH611 DSX22068
MGH605 DSX22063 MGH612 DSX22069
MGH606 DSX22063D MGH613 DSX22070
MGH607 DSX22064 MGH614 DSX22071
MGH608 DSX22065 MGH615 DSX22072

MGH609 DSX22066



GENERAL

This data review assignment covers THIRTEEN SOJIL samples
analyzed for TOTAL METALS for case number 14180. There was one
field duplicate and no field blanks or performance samples included
with this assignment.

1. Technical Holding Times / Preservation

Technical holding times were observed for all analytes.

2. Initial and Continuing Calibration

All percent recoveries were within control limits.
3. Blanks

Fe and Se were detected in the blanks. DSX22062,-063,~-063D,
-067 to 070 and -072 were qualified for Se. No Fe results were
gualified.

4. ICP Interference Check

Recoveries of solution AB analytes were within control limits.

S. Laboratory Control standard (LCS)

LCS results were within established control limits.

6. Duplicates

The RPDs for all analytes were within control limits.

7. Matrix Spike Sample

The percent recovery for Sb and Se were outside control limits.
All results for these analytes were non-detect or qualified by the
blank rule, so no results were qualified by the matrix spike
recoveries.

8. ICP Serial Dilution

All results were within limits.

9. Furnace Atomic Absorption

The analytical scheme was followed for Furnace AA analysis.
Some MSA correlation coefficient were outside the control 1limit.
These results were qualified by the blank rule, so no further
coding was performed.



10. Summary

Several results were qualified by the blank rule for Se. No
other coding was necessary.

This data package is acceptable in terms of requirements for
accuracy, precision, and completeness as described in SOP 9561MO00.



U.S. ENVIRONMENTAL PROTECTION AGENCY

ENVIRONMENTAL SERVICES ASSISTANCE TEAM -- Zone II
ICF Technology, Inc. ESAT Region VII
NSI Technology Services
N8I Technology Services Corp. 25 Funston Road
Kansas City, KS 66115
The Bionetics Corp. (913) 236-3881
TO: Debra Morey
Data Review Task Monitor
THRU: Harold Brown, Ph.D.
ESAT Deputy Project Officer, EPA
FROM: D. Eric WOodlandégi
ESAT Data Reviewer
THRU: Ronald A. Ross

ESAT Team Manager

DATE: July 31, 1990
SUBJECT: Review of inorganic data for DuPont County Road.

TID# 07-9003-329
ASSIGNMENT#¥ 544
ICF ACCT¥ 26-329-02
NSI S.O.# 4633-3292

These data were reviewed primarily according to the
"Laboratory Data Validation Functional Guidelines for Evaluating
Inorganic Analyses,'" July 1988 revision with changes given in the
Region VII Inorganic Data Review Training Manual and EPA memoranda.

The following comments and attached data sheets are a result
of the ESAT review, according to EPA policies, of the following
data from the contract laboratory.

CASE NO.: 14180 LABORATORY: SILVER
SITE: DuPont County Road METHOD NO.: CS0788A
REVIEWER: D. Eric Woodland EPA ACTIVITY NO.: DSX22

MATRIX: SOIL
TOTAL METALS

SMO Sample No. EPA Sample No. SMO Sample No. EPA Sample No.

MGG848 DSX22073 MGG858 DSX22083
MGG849 DSX22074 MGG859 DSX22084
MGG850 DSX22075 MGG860 DSX22085
MGG851 DSX22076 MGG861 DSX22086
MGG852 DSX22077 MGG862 DSX22087
MGG853 DSX22078 MGG863 DSX22088
MGG854 DSX22079 MGG864 DSX22089
MGG855 DSX22080 MGG865 DSX22090
MGG856 DSX22081 MGG866 DSX22091

MGG857 DSX22082 MGG867 DSX22092



GENERAL

This data review assignment covers TWENTY SOIL samples
analyzed for TOTAL METALS for case number 14180. There were no

field blanks, field duplicates or performance samples included with
this assignment.

1. c c old imes servatio

Technical holding times have not been established for soil
samples.

2. itjial and Continuj Calibration
All percent recoveries were within control limits.
3. Blanks

Several analytes were detected in the blanks. Corresponding
sample results were qualified according to the blank rule using
five times the highest blank value. Results reported less than the
CRDL by the lab were first raised to the CRDL and coded U in
accordance with EPA reporting procedures. Sample results requiring

modification are reported as non-detect on the attached data
sheets.

TOTAL METALS *
(WATER)
5 X Highest
na e Blank (ug/L) ualified Sam
Sb 39 None qualified
As 2.8 None qualified
Be 1.3 None qualified
Cr 7.4 None qualified
Cu 17 DSX22074,-077,-080,-083 and -086
Pb 1.9 None qualified
K 950 None qualified
Ag 5.0 None qualified
Zn 5.3 None qualified
4. IC erence Chec

Recoveries of solution AB analytes were within control limits.

S. bo Control andard
LCS results were within established control limits.
6. Duplicates

The RPDs were all within established control limits.



7. Matrix spike Sample

Sb and Se were out of range for matrix spilke recovery.
DSX22078 was qualified for Se.

8. e D o]
All results were within limits.
9. Purnace Atomic Absorption

MSA correlation coefficients were out of control limits for
DSX22080 and -085 for Pb. Both of these results were J coded.

10. Summary
Some Cu results were qualified by the blank rule. Some

results for Pb were qualified by MSA outliers. DSX22078 was J
coded for Se by matrix spike recovery outliers.



U.S. ENVIRONMENTAL PROTECTION AGENCY

ENVIRONMENTAL SERVICES ASSISTANCE TEAM ~-- Zone II
" ICF Technology, Inc. ESAT Region VII
NSI Technology Services
NSI Technology Services Corp. 25 Funston Road
Kansas City, KS 66115
The Bionetics Corp. (913) 236-3881
TO: Debra Morey
Data Review Task Monitor
THRU: Harold Brown, Ph.D.
ESAT Deputy Project Officer, EPA
FROM: D. Eric Woodland &/
ESAT Data Reviewer
THRU: Ronald A. Ross

ESAT Team Manager

DATE: July 31, 1990
SUBJECT: Review of inorganic data for DuPont County Road.

TID# 07-9003-329

ASSIGNMENT# 543

ICF ACCT# 26-329-02 .
NSI S.O0.# 4633-3292

These data were reviewed primarily according to the
"Laboratory Data Validation Functional Guidelines for Evaluating
Inorganic Analyses," July 1988 revision with changes given in the
Region VII Inorganic Data Review Training Manual and EPA memoranda.

The following comments and attached data sheets are a result
of the ESAT review, according to EPA policies, of the following
data from the contract laboratory.

CASE NO.: 14180 LABORATORY: SILVER .
SITE: DuPont County Road METHOD NO.: CS0788A
REVIEWER: D. Eric Woodland EPA ACTIVITY NO.: DSX22

MATRIX: SOIL

TOTAL METALS

SMO_Sample No. EPA Sample No. SMO Sample No. EPA Sample No.
MGG868 DSX22093 MGG876 DSX22101
MGG869 DSX22094 MGG877 DSX22102
MGG870 DSX22095 MGG878 DSX22103
MGG871 DSX22096 MGG879 DSX22104
MGG872 DSX22097 MGG880 DSX22105
MGG873 DSX22098 MGG881 DSX22106
MGG874 DSX22099 MGG882 DSX22107

MGG875 DSX22100



GENERAL

This data review assignment covers FIFTEEN SOIL samples
analyzed for TOTAL METALS for case number 14180. There were no
field blanks, field duplicates or performance samples included with
this assignment.

1. Technical Holding Times / Preservation

Technical holding times have not been established for soil
samples.

2. Initial and continuing Calibration
All percent recoveries were within control limits.

3. Blanks

Several analytes were detected in the blanks. Corresponding
sample results were qualified according to the blank rule using
five times the highest blank value. Results reported less than the
CRDL by the 1lab were first raised to the CRDL and coded U 1in
accordance with EPA reporting procedures. Sample results requiring
modification are reported as non-detect on the attached data
sheets.

TOTAL METALS

(WATER)
5 X Highest

Analyte Blank (ug/L) Qualified Samples
Al 56 None qualified
Ca 66 None qualified
Cr 7.0 None gualified
Cu 15 DSX22095, -098, -104 and -106
Fe 47 None qualified
Mg 80 None qualified

K 950 None qualified
Ag 4.3 None qualified
Zn 7.1 None qualified

4. ICP Interference Check

Recoveries of solution AB analytes were within control limits.

S. Laboratory Control Standard (LCS)

LCS results were within established control limits.

6. Duplicates

The RPD for Pb exceeded control limits. All sample results
were J coded.



7. Matrix Spike Sample
Sb, Mn and Se were out of range for matrix spike recovery.

All samples had data qualified for Mn and DSX33094,-098 and -104
were qualified for Se.

8. ICP Serijial Djlution
All results were within limits.
9. Furnace Atomjc Absorptjon
MSA correlation coefficients were out of control limits for

DSX22093 and -107 for Se. Both results were less than the CRDL, so
no coding was necessary.

10. Summary

Some Cu results were qualified by the blank rule. All results
for Mn and some results for Se were qualified for matrix spike

recovery outliers. All Pb results were coded J for a duplicate
precision outlier.
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0.0 EXECUTIVE SUMMARY

A baseline risk assessment (RA) was performed to evaluate the potential
risks to human health posed by soil and ground water contamination at the
McCarl and Baier sites. The term baseline refers to the fact that the
evaluation of risks is made for the sites in their unremediated state. The
results of the RA were used in evaluating potential remedial alternatives
for the sites, including the no-action scenario.

The RA was performed using guidance provided in the Risk Assessment
Guidance for Superfund, Volume I:. Human Health Evaluation manual (Part A)
(USEPA, 1989). Other relevant guidance documents used include the
Superfund Exposure Assessment Manual (USEPA, 1988) and the Exposure Factors
Handbook (USEPA, 1989). Environmental data and site information obtained
during the remedial investigation were used in the RA. In addition, the RA
made use of recent toxicology literature and USEPA data bases, including
the Integrated Risk Information System (IRIS) and the Health Effects
Assessment Summary Tables (HEAST).

An ecological assessment was also performed as a companion to the RA. The
purpose of this assessment was to qualitatively evaluate the potential
effects of the site contaminants on environmental receptors at the sites.
An executive summary is presented in Appendix G which contains the
ecological assessment report.

Two major classes of contaminants were identified in soils and ground water
at both sites during the remedial investigation. The contaminants,
including metals and volatile organic compounds (VOCs), were detected in
discrete areas of each site that were apparently associated with past waste
disposal activities. However, surficial soils at both sites were found to
contain only metals. This is consistent with the fate and transport
characteristics of VOCs since these compound would volatilize from surface
soils over an extended period of time. Ground water at both sites was
generally found to contain only metals (both primary and secondary drinking

water metals) although a single monitoring well on the Baier site was found

WCC Project 89C7583-1 January 16, 1991
E.I. du Pont de Nemours & Co. Page 1



to contain VOCs. This suggests the presence of a localized source of VOCs
in Baier ground water.

An analysis of potential exposure pathways at the sites indicated that
surface soil is the medium with the greatest potential for human exposures.
Thus, persons entering either site could be exposed to contaminant metals
through incidental ingestion of soil or through dermal contact with surface
soils. The evaluation of potential exposures also revealed that the
potential for fugitive dust emission at either site is low. Therefore, the
exposure pathway linking soil contaminants and human populations through
fugitive dust appears incomplete.

The ground water ingestion pathway does not appear to be complete because
the characteristics of the water-bearing units are not capable of supplying
sufficient drinking water. Therefore, the potential for health risks was
not evaluated under conditions of current site use. However, a
hypothetical scenario for ground water ingestion was evaluated as a
potential future use of ground water at the Baier and McCarl sites.
Although some ground water may appear at the surface via seeps, the extent
and rate of seepage is not sufficient to create a potential for human
exposures. Moreover, the seepages do not result in ponding of water.
Thus, exposure to surface water was not considered a complete pathway at
the sites.

The RA evaluated potential exposures and health risks for several groups of
persons who may enter the site as a result of certain recreational or
occupational activities. Because of the rural nature of the site, it was
assumed that hunters (both adult and juvenile) may enter the site at
various times of the year. Persons involved in collecting wild edibles
such as mushrooms and/or berries were also accounted for in the exposure
scenarios. Under this scenario, it was assumed that both an adult or child
could be assumed to take part in the activity. Persons who might pass
through the sites while hiking were evaluated in the exposure assessment.
Finally, the assumption was made that a farmer might enter the sites from
surrounding farmland to cut back brush or trees. etc. These exposure

WCC Project 89C7583-1 January 16, 1991
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scenarios represent the range of activities and receptors that may likely
enter the sites under current land use conditions. Future use evaluations
were limited to hypothetical ground water ingestion because these two sites
are located several miles from a small town and thus represent very remote
sites that may or may not be developed for residential use.

The RA focused on two separate groups of contaminant metals for the Baier
and McCarl sites, respectively. The contaminants of concern selected for
the Baier site included arsenic, chromium, cadmium, lead, and selenium.

The selection of these contaminants was based on the results of soil
sampling activities conducted by Woodward-Clyde Consultants pursuant to
the Removal Action Work Plan (Woodward-Clyde Consultants, October 1989) and
corroborated by the RI. The contaminants of concern selected for the
McCarl site included the five selected for the Baier site plus barium,
copper, manganese, and zinc.

Exposure point concentrations were developed using data obtained from
surficial soil samples. Potential health risks were evaluated for two
levels of exposure: a representative level (i.e., the arithmetic
contaminant mean) and a reasonable maximum exposure (RME; i.e., the upper
95th confidence limit of the arithmetic mean used as a worst-case level of

exposure).

Characterization of potential cancer risks posed by both sites indicated
that the estimated risks were in the range of 10°° to 107 for all exposure
scenarios except the farmer at the Baier site. The estimated cancer risks
for this scenario were on the order of 10°° at the RME level of exposure.
Thus. all of the potential cancer risks estimated for both sites were at or
below the USEPA advisory range of 10°° to 10°“. Estimated cancer risks for
the hypothetical future ground water use scenario were on the order of

10°. However, this level of risk corresponds to potential risks
associated with background levels of arsenic in ground water.

In general, the potential for non-carcinogenic (i.e., toxic) health hazards
does not exist at either site (including future ground water use).
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However, potential exposures of young children to Tead in wastes on the
Baier site may warrant concern. The evaluation of potential health hazards
posed by lead was performed by estimating blood lead levels that may result
from exposure to lead in soil.

Exposure of a young child (e.g. 6 years of age) to areas of lead
contamination on the Baier site resulted in estimated blood levels in
excess of the USEPA advisory range for blood lead at both the
representative and RME levels of exposure. [t is noted, however, that
exposure point concentrations developed for lead in Baier soils were based
on sampling from waste disposal areas only and therefore are not
representative of exposure to all of the Baier site soils.

The results of the RA indicate that both the Baier and McCarl sites possess
lTittle potential for risks to human health, with the possible exception of
the effects of lead on young children because of the following facts:

] The remote nature of the sites;

. The fact that DuPont owns the McCarl site and, therefore,
controls site use; and

-

° The Jow likelihood that either site will ever be used for
residential purposes.

It is concluded that both sites will not pose significant human health
risks in the foreseeable future based on this assessment. Should site
remediation occur, potential future risks will be further reduced.
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1.0 INTRODUCTION

A baseline risk assessment (RA) was performed in order to evaluate the
potential health risks posed by the Baier and McCarl sites in the absence
of remedial action. The RA focussed on potential health risks posed by
contaminants found in site soils as a result of past disposal activities.
The term "health risks” refers to potential carcinogenic effects (i.e.,
cancer risks) and non-carcinogenic health hazards (i.e., toxic effects)
that may result from exposure to contaminants. The RA focussed on
potential health risks posed by metal contaminants found in site soils as a
result of past disposal activities.

An ecological assessment was also performed for both sites and is presented
as another appendix. This assessment qualitatively evaluates potential
effects of the sites on plant and animal wildlife and examines potential
interactions between site contaminants and various ecosystems.

Fundamentally, the RA is comprised of the following steps:

. Identification of contaminants of concern;

° Assessment of botentia] chemical exposures;

L Assessment of existing toxicology information; and
] Characterization of potential health risks.

One of the goals of the RA is to evaluate potential chemical releases from
the sites and to estimate the magnitude of potential chemical exposure for
persons on or near the sites. A second goal is to estimate the magnitude
of the health risks associated with various levels of potential exposure.
In accomplishing these goals, conclusions are drawn regarding the impact of
the sites on human health.

The RA and ecological assessment were performed using guidance provided in
the Risk Assessment Guidance for Superfund Volume I, Human Health
Evaluation Manual (Part A) (USEPA, 198%9a) and Risk Assessment Guidance for
Superfund Volume II, Environmental Evaluation Manual (USEPA. 1989b),
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respectively. Other relevant guidance documents used to prepare the RA
include the Superfund Exposure Assessment Manual (SEAM; USEPA, 1988) and
the Exposure Factors Handbook (USEPA, 1989).

The conclusions of the RA are fundamental in evaluating the necessity for
remedial action at the sites. Under circumstances where remediation is
indicated, the risk assessment process can be used to develop health-based
cleanup goals as part of the feasibility study.
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2.0 IDENTIFICATION OF CONTAMINANTS OF CONCERN

The initial step in the RA is the identification of site-specific
contaminants that may pose health risks. The contaminants selected in this
part of the RA are included in the risk characterization step in which a
quantitative evaluation of potential health risks is performed.

2.1 RESULTS OF SAMPLING ACTIVITIES CONDUCTED AT THE BAIER AND MCCARL SITES

The RA makes use of environmental data obtained during the remedial
investigation. Specifically, the RA focuses on the results of sampling of
environmental media where the potential for human exposures to contaminants
is greatest. Thus, contaminant concentrations in surface soil, ground
water, surface water. etc. are of greatest importance in assessment
potential human health risks.

The results of soil and ground water sampling activities at both sites have
been summarized and discussed in Section 4.0 (Analytical Results) of the
Remedial Investigation report. These results indicate that volatile
organic compounds were present in quantities ranging from non-detectable to
“4,000 mg/kg in some subsurface soil samples, but not in surface soils.
Metals were the only apparent contaminants in site surficial soils. Metals
also appear as the only contaminants detected in monitoring wells placed on
the Bajer and McCarl sites, although significant concentrations of volatile
organic compounds were detected in a single well on the Baier site.

Yowever, the presence of metal contaminants in ground water is less

frequent than in soil.

[t is noted that contaminant concentrations in surficial soils at the Baier
site were obtained from sampling activities pursuant to preparation of a
Removal Action Work Plan prepared by Woodward-Clyde Consultants (October
1989). The results of chemical analyses on individual soil samples are
presented in that document although contaminant means developed from these

data are presented here.
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2.2 DISTRIBUTION OF SOIL CONTAMINANT DATA

The distribution of the contaminant data is important in the selection of
an appropriate mean to represent the concentrations of individual
contaminants. For purposes of this RA, the arithmetic mean was selected
for calculation of contaminant concentrations. The arithmetic mean was
chosen on the basis of the following statistical criteria:

) The arithmetic means of contaminants were similar to the
geometric means indicating the data to be normally distributed;

° The coefficients of variation were low for several contaminants
thus supporting a normal distribution:

. Rankit plots of contaminant data were linear which is indicative
of normally distributed data; and

° Frequency distributions (i.e., histograms) plotted using
contaminant data indicated skewed normal distributions as opposed
to logarithmic distributions.

Although data for all contaminants did not uniformly meet all of these
criteria, risk assessment guidance suggests that either the arithmetic or
geometric be selected and applied to all contaminant data. The use of the
arithmetic mean in this RA is conservative because it will be used to
doevelop exposure point concentrations for contaminant data that may, in
fact, not exhibit a normal distribution. Moreover, because the arithmetic
mean is sensitive to data points that are outliers, the use will result in
overestimation of chemical exposures. The potential for overestimation
using the arithmetic mean is also high when the data are skewed as in the
case of several contaminants at the sites.

2.3 CONTAMINANTS INCLUDED IN THE RISK ASSESSMENT

A1l of the contaminant metals found in surficial soils at the Baier site
were included in the risk assessment for that site. These metals include
arsenic, cadmium, chromium, lead, and selenium. The arithmetic means and
upper 95th confidence limits of the means are presented in Table 2-1.
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A larger set of contaminant metals was selected for the McCarl site. In
addition to those metals selected for the Baier site, barium, copper,
manganese, and zinc were also included. The rationale for inclusion of
these metals is based on their high concentrations detected on-site. The
arithmetic means and upper 95th confidence 1imits of the means for the
McCarl site metals are also presented in Table 2-1.

It is noted that the contaminant means presented in Table 2-1 are also used

as exposure point concentrations in estimating potential exposures at the
sites.

2.4 CONTAMINANTS EXCLUDED FROM THE RISK ASSESSMENT

A group of metals found in site soils at the Baier and McCarl sites were
excluded from the RA. The rationale for their exclusion is based on the
following:

. Metals are naturally occurring and are found in the environment
at concentrations characterized as background;

. The RA is intended to evaluate incremental health risks
associated with contaminants not attributed to background: and

. Metals at the sites are present at concentrations that are within
their respective background ranges.

The metals that were excluded from the RA along with their concentrations
and background ranges are presented in Table 2-2.

It is noted that the exclusion of these metals is not expected to
significantly affect the results of the RA since many of these contaminants
are also of low toxicologic significance.
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TABLE 2-1

CONTAMINANTS OF CONCERN IN SURFICIAL SOILS
AT THE BAIER AND MCCARL SITES

BAIER SITE'

Metal Arithmetic Mean® Upper 95th Percent Confidence Limit
Arsenic 6.6 20.1

Cadmium 117 373

Chromium 612 1,847

Lead 14,026 42,397

Selenium 18.4 58.6

McCARL SITE

Arsenic 6.7 12.8

Barium 2,686 6,500

Cadmium 43.2 206

Chromium 105.6 280

Copper C 13 662

Lead 1,314 3,192

Manganese 1,312 2,210

Selenium 11.4 76.1

Zinc 1,950 4,470

Notes k Soil samples from baier site taken at 0 to 6-inch interval;

samples taken from McCarl site taken at 0 to 12-inch
interval.
Concentrations have units of mg/kg.
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TABLE 2-2

CONCENTRATIONS AND BACKGROUND RANGES OF METALS
EXCLUDED FROM THE RISK ASSESSMENT'

National National

ﬁg;glgf Arithmetic Mean’ Background Range Background Mean’
Aluminum 9,439 10,000 - 300,000 71,000
Antimony 14.7 0.2 - 150 6
Beryllium 0.7 0.1 - 40 6
Calcium 8,590 7,000 - 500,000 13,700
Cobalt 15.9 1 - 40 8

Iron 20,733 7,000 - 550,000 38.000
Magnesium 2,354 600 - 6,000 5,000
Mercury 0.07 0.01 - 0.3 0.03 .
Nickel 28.5 5 - 500 40
Potassium 933 400 - 30,000 8,300
Silver 0.7 0.01 -5 0.05
Sodium 118 750 - 7,500 6,300
Thallium 0.24 0.1 - 0.5 0.2
Vanadium C31.7 20 - 500 100
Notes Taken from Koranda et al. (1981) and Schacklette and

WCC Projec
£E.I. du Pont de Nemours & Co.

Boerngen (1984).

Metals listed in this table are for McCarl site only.
Concentrations have units of mg/kg.
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3.0 EXPOSURE ASSESSMENT

An exposure assessment estimates the magnitude of potential contaminant
exposures for various receptor populations. The goals of the exposure
assessment include the following:

° [dentification of potential receptor populations;

° Identification of potentially complete exposure pathways;
° Evaluation of potential exposure parameters;

] Estimation of exposure point concentrations; and

L Estimation of daily intake factors.

The evaluation of potential exposures is based on conservative exposure
assumptions. This approach ensures that estimated exposure levels will be
most probably greater than actual Tevels and that any resuiting evaluation
of the site will be health protective. At the same time, exposure :
scenarios which are considered unlikely are not evaluated since they do not
reflect realistic exposure conditions.

In developing exposure scenarios, the Baier and McCar)l sites were treated
similarly. This approach was used because of the similarities between the
two sites, and their similar predicted future land use patterns. The sites
are located within one mile of each other and share the following

characteristics:

. The sites are small (less than 5 acres each);

. The sites are located in remote rural areas:

° Human activity is infrequent;

. There is no farming or grazing on the sites:

. There are no schools, towns, or municipal water supplies

immediately adjacent to or near the sites;

. The sites are vegetated, containing both wooded areas and cleared
areas covered by secondary plant growth, with 1ittle exposed
surface soil;
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° Both sites can support hunting activities;

° The types of contaminants found at both sites (VOCs and metals)
are similar;

° The geology, hydrology, and soil characteristics of both sites
are similar; and

] Both sites are fenced to reduce access by potential receptors.

The two major differences between the sites are topography and neighboring
residences. The Baier site is a wooded site among gently rolling hills,
while the McCarl site is relatively flat. Two farmhouses are located
within two hundred yards of the McCarl site and are separated from the site
by a fence. There are no residences near the Baier site. These
differences are minor and do not justify different exposure assumptions for

the two sites.

3.1 IDENTIFICATION OF POTENTIAL RECEPTOR POPULATIONS

Potential receptors include human populations as well as plant and animal
populations and environmental receptors (e.g. rivers, ponds, and lakes)
that may interact with contaminants. Potential human receptor populations
are addressed in this section whereas plant, animal, and other
environmental receptors are discussed in the Ecological Assessment.

Human receptors include all individuals who may come into contact with
contaminants both on-site and off-site. The local demographics of the
Baier and McCarl sites indicate that there are a limited number of
potential human receptors, consisting of farm workers and occasional
recreational users. The potential receptor populations are limited by the
rural nature and low population density of the region. In addition. local
site information indicates the following:

U There are no sensitive populations (e.g. young children, pregnant
women, elderly, or chronically i1l individuals) in the vicinity
of the Baier site which could be exposed to contaminants. A
small elderly population lives near the McCarl site, but exposure
is unlikely since the site is fenced; and
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° An on-site resident scenario is highly unlikely, given the low
projected growth rate and Tack of neighboring population centers.

Given the nature of the potential receptor populations, six scenarios were
selected to represent the types of activities that may occur on-site.
Moreover, these scenarios also represent hypothetical and future uses of
the sites, and therefore, can be used to develop health-based cleanup goals
that can be used to guide potential remediation. Briefly, the six
scenarios evaluated for these sites are:

° hunter (adult);

° hunter (juvenile);

. farmer;

. hiker gathering edibles (e.g. mushrooms);

° hiker (child); and

. hiker (adult).
These receptors, characterized by distinct activities that influence their
exposure conditions are assumed to visit the sites at various times

throughout the year. The exposure conditions will be discussed in greater
detail in the following sections of the RA.

3.2 EVALUATION OF POTENTIAL EXPOSURE PATHWAYS

An exposure pathway is the mechanism by which a receptor may come into
contact with a contaminant. As defined in the RAG (USEPA, 1989), there are
four major elements which characterize an exposure pathway. These elements

consist of the following:

o A source and mechanism of contaminant release;
) A medium for contaminant transport to potential receptors;

° A point of potential receptor contact with the medium (e.q.
exposure point); and
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° A route of exposure (e.g. ingestion) for the receptors to come
into contact with the contaminants.

A1l four elements must be present for an exposure pathway to be complete
and the potential for a health risk to exist. The absence of any one of
these elements constitutes an incomplete pathway and the potential for
health risks does not exist. Thus, the evaluation of potential exposure
pathways is necessary to focus on only those pathways which could
potentially impact on human health.

Several individual elements of the potential exposure pathways have already
been discussed. The potential sources of contaminants were outlined in
this RA in Section 2.0, Contaminants of Concern. Potential mechanisms of
contaminant release and transport were discussed in this RI report in
Section £.0, Contaminant Fate and Transport. Fate and transport
specifically refers to processes that govern the mobility and degradation
of contaminants. These processes are dependent upon physicochemical
factors, such as solubility, volatility, hydrophobicity, etc. Receptors
were defined in Section 4.1, Identification of Potential Receptor
Populations.

Identification of potential contaminant transport media (e.g. ground water,
surface water, air and soil), exposure points and exposure routes are
required to evaluate the complete exposure pathways. The various transport
media will be discussed individually in the following sections:

3.2.1 SURFACE SOILS

The surface soil profiles for both the Baier and McCarl sites are similar,
consisting of oxidized silty clay loess. The potential for contaminant
exposures is greatest for soil layers comprising the 0- to I-foot soil
horizon (e.g. surface soils); and, therefore, contaminants in these soils
may have the greatest impact on human health.

The contaminants of concern from the surface soil consist of metals only.

Residual VOC concentrations in surficial soils are not significant because
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these compounds volatilize from surficial soils. Moreover, disposal
activities have not occurred at the site for over 30 years and any VOCs
originally in the site surficial soils have been dissipated by the passage
of numerous half-lives for volatilization.

Ingestion of contaminated soils and dermal contact could represent
potentially complete exposure pathways for all receptors evaluated in this
RA.

3.2.2 GROUND WATER

The generalized subsurface profiles for both the Baier and McCarl sites are
similar, consisting of approximately 50 feet of weathered glacial till
underlain by approximately 150-200 feet of unweathered till. The bedrock
consists of Mississippian limestone at approximately 200-250 feet. The
till consists of clay and fine sand, with occasional, discontinuous water-
bearing zones of sand. These water-bearing zones provide a very low yield )
water supply (less than 1 gpm), and are generally inadequate for either
irrigation or domestic water supplies. Typical domestic wells in the
surrounding area utilize deep aquifers in the bedrock. However, it should
be noted that some older, hand-dug domestic wells in the county draw on
water from the weathered till. The large reservoir capacity of hand-dug
wells, due to their large diameter, allows them to function minimally as a
domestic water supply, despite the low refill rate. These wells are not
thought to be at risk of contamination for the following reasons:

. There are no shallow, hand-dug wells in the vicinity of either
site;
° There is no hydrologic communication between off-site wells and

the water-bearing units of the weathered till on either site.

The 1ikelihood of future wells screened in the glacial till is low for the
following reasons:

° The small shaft diameter and corresponding low volume reservoir
capacity result in a low-yield water for wells in the till and
therefore are inadequate for domestic purposes;
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. Economicalily, it is more feasible to drill a well to the bedrock
than to hand-dig a well in the till;

° The ground water quality from the till is poor compared to water
from the bedrock water-bearing unit; and

. Future residents would be more likely to hook up to the local
rural water district than drill a well.

Irrigation may potentially release subsurface contaminants to the surface
soil, air, and water. However, irrigation wells require a high yield water
supply (greater than those of domestic wells) and thus, would not be
feasibly screened in any of the water-bearing zones in the till. Since
these are the only water-bearing zones that contain VOCs, potential release

of VOCs via irrigation would not occur.

Numerous sampling wells were placed on both the Baier and McCarl sites to
sample water quality from water-bearing zones in the till. An upper zone
was sampled from the weathered till at 50 feet, and a lower zone was
sampled from the unweathered till at 120 feet. Contaminant VOCs were found
in two shallow wells at the Baier site, MW-F and MW-J (Tables 4.2-1(G) and
4.2-1(2) in the RI). There are several reasons for the apparent minimal

contaminant migration into the water-bearing zones.

° The thickness of the till acts to impede downward movement and
therefore impedes downward migration:

° The high clay content of the till effectively immobilizes metals
such as arsenic via electrostatic attraction (i.e., adsorption)
and virtually stops downward migration; and

° The water-bearing zones are located in discontinuous sand lenses
which may not be hydrologically linked, thus limiting lateral
contaminant migration.

[t is unlikely that contaminants from either site pose a significant risk
to private wells which are screened in the ground water in the bedrock.
This conclusion is based on the observation that very little, if any,
contaminant migration has occurred. No contaminants were found in the deep
ground water sampling zone, and an additional 100 feet of highly
impermeable till separates this zone from the underlying bedrock. Thus,
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ground water does not appear to be a complete exposure pathway under any
realistic exposure scenario, and as such would not be associated with
adverse health effects.

3.2.3 SURFACE WATER
Surface water does not appear to be a medium for potential contaminant

exposure at either the Baier or the McCarl sites. Both sites share the
following surface water characteristics:

. There are no standing bodies of water, ponds, etc., on either
site;

° There are no permanent streams on either site;

° The drainage pathways from the sites do not feed any ponds,

lakes, or municipal water supplies.

Some ground water seepage may occur along the drainage pathways at the
Baier site. However, these seeps do not appear to offer a source of
potential contamination for the following reasons:

K The rate of seepage is very low;

° No ponding occurs;

° The most likely contaminants to be found in the ground water
would be VOCs, which would volatilize upon atmospheric exposure;
and

] Field investigation with an HNu was unable to detect any

atmospheric VOCs at the sources of the seeps.

3.2.4 AIRBORNE CONTAMINANTS

Airborne contaminants can be derived from two possible sources:

° Direct volatilization of contaminants in the soil and surface
water; and
. Fugitive dust emissions from soil containing adsorbed
contaminants.
WCC Project 89C7583-1 January 16, 1991
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Volatilization of VOCs occurs via off-gassing from surface soils. This
does not appear to be a complete exposure pathway for any of the exposure
scenarios for the following reasons:

. VOCs are not present in detectable amounts at the soil/air
interface because previous off-gassing has removed most available
VOCs from the surface soils;

° Intrusive activities (e.g. digging) which might release VOCs from
subsurface soils are not expected to occur under any of the
exposure scenarios; and

L Assuming that the atmosphere functions as an infinite reservoir,
the concentrations of VOCs at the point of release would be
further reduced by dilution upon release.

Exposure to fugitive dust also represents an incomplete exposure pathway
because of the lack of dust-generating sources on both the Baier or McCarl
sites. Potential dust emissions are limited by the following factors:

° There is a lack of exposed surface soil due to rocks, leaf
litter, and vegetative cover;

° The sites are located in a non-arid climatic region where the
surface soil moisture content retards dust formation;

o Surrounding vegetation provides a wind-break for the sites;

. Disposal pits are protected from wind erosion by their low-lying
topography.

3.2.5 FOOD CHAIN CONSIDERATIONS

Potential exposure to contaminants at the site could occur through
ingestion of contaminated plant or animal life found at the site. Current
use of the site does not include farming and it is not anticipated as a
future use of the site. Therefore, it is unlikely that exposure could
occur through the ingestion of contaminated food crops. Other sources of
edible materials that may be found on-site such as raspberries and
mushrooms also are not expected to result in human exposure through the
food chain. As previously stated, the areas containing wastes or areas
where tne soil has been disturbed by grading. etc. do not support the
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growth of mushrooms. Raspberries are found growing on the periphery of the
site away from the waste disposal areas. Therefore, the potential for
uptake of contaminants by these plants is expected to be limited.

However, small game (e.g. rabbits) could ingest potential contaminants
through ingestion of soil or plants. This possibility suggests that
contaminants could enter the human food chain if small game were hunted at
the site and subsequently eaten. Among the contaminants on-site, only
metals exhibit the potential for entry into the human food chain. A
significant body of scientific literature indicates that uptake of metals
into plants may occur. The plants in turn may be consumed by small game.
Volatile organic compounds are found at sufficient depth to preclude direct
exposure to small animals. Moreover, it is not likely that organic
compounds characterized by high degrees of hydrophobicity (e.g.
ethylbenzene, xylene, toluene) would sequester into the water transport
system of plants.

Ingestion of small game which had consumed plants containing metals appears
to be the major food chain factor at the site. Because of this assumption,
it is important to address the disposition of metals in mammals. A
significant number of studies have been performed to characterize the
absorption, distribution, and excretion of metals, including arsenic,
cadmium, chromium, lead, and selenium. The results of these studies
indicate the following:

o Metals such as cadmium and chromium are poorly absorbed by the
mammalian gastrointestinal tract;

. Metals such as arsenic and selenium are efficiently excreted by
mammals and do not bioaccumulate;

J Bioaccumulation of metals in mammals occurs primarily in non-
edible tissues; and

° Metals are often tightly bound to certain macromolecules and
subcellular components, and hence, are not bioavailable.

These findings indicate that biomagnification in the human food chain is a
remote possibility.
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The following summary is derived mainly from Venugopal and Luckey (1978)
and fFriberg et al. (1986). The absorption of arsenic and selenium is
dependent upon the chemical form of the respective elements. Soluble forms
of both elements are well absorbed from the gastrointestinal tracts of
mammals although selenium is poorly absorbed by ruminants (e.g. sheep and
cows). However, both metals are quickly removed from the blood and
efficiently excreted by the kidney. Thus, accumulation would not occur at
low dosages or following sub-toxic acute exposure. Under exposure
conditions in which accumulation may occur, the majority of arsenic is
found in hair, skin, gastrointestinal tract, epididymis, thyroid gland,
lens of the eye, and skeleton. Similarly, selenium accumulates in kidney,
liver, skeleton, nails, and hair. Both elements are believed to be tightly
bound to sulfhydryl groups (i.e., sulfur-containing compounds) in cells and
do not exist in the free state.

Cadmium and chromium are poorly absorbed by mammalian gastrointestinal
tracts. Absorption of cadmium is on the order of 2 to 5 percent, and
absorption of chromium is less than 1 percent of the respective ingested
doses. Cadmium is poorly excreted but exhibits high affinity blinding to
sul fhydryl proteins in liver and secondarily in kidney, thus rendering it
biologically unavailable even if ingested. Accumulation of chromium
initially occurs in heart, pancreas, lungs, brain, spleen, liver, and
testes; however, these organs are subsequently cleared by efficient
excretion processes. Long-term accumulation of chromium in mammals occurs
in the reticuloendothelial system, liver, spleen, and bone marrow. Another
factor that appears to decrease the bioavailability of chromium is the
formation of insoluble chemical complexes in the duodenum of the mammalian
gastrointestinal tract which are subsequently excreted.

The absorption of lead ranges from 1 to 15 percent of the ingested dose.
with the higher end of the range observed in younger animals. Lead is
distributed to several soft tissues including liver, kidney, intestine, and
brain but in a transient fashion. During subsequent redistribution, lead
is incorporated into mineralized tissues (e.g. bome, skeleton, and teeth).
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Lead that is not absorbed in the gastrointestinal tract is excreted in the
feces.

These factors collectively suggest that it is unlikely that significant
accumulation of metals occurs in edible portions (e.g. muscle) of small
mammals. [n addition, remedial activities forthcoming at the site make it
further unlikely that contamination of the human food chain will occur.

3.2.6 POTENTIAL ROUTES OF EXPOSURE AND EXPOSURE SCENARIOS

An important component of the RA is the evaluation of potential routes of
contaminant uptake for receptor populations. The three major routes of
potential exposure typically include dermal absorption, ingestion of
contaminated material, and inhalation of airborne contaminants. However,
as discussed in Sections 3.1.1 through 3.1.4, only the dermal and soil
ingestion pathways may be complete at the Baier and McCarl sites.

In order to fully characterize exposure scenarios, exposure routes must be
evaluated for each potential receptor population. The viability of

particular exposure routes is determined by the activities of the receptor
and not all receptors are exposed by the same routes. Exposure scenarios
are then used in the RA to estimate the degree of contaminant exposure and

the associated health risks.

The potential exposure scenarios are discussed in the following sections.

3.2.6.1 Hunter (Adult)

The Baier and McCarl sites consist of wooded and open areas that could
provide adequate cover for a number of different species of game animals.
Both sites are fenced, and the Baier site is posted, thus restricting
access. However, it is possible that hunters could enter the sites in
pursuit of game at certain times of the year. Most hunting scenarios would
be expected to be of a transient nature, due to the small size of the

sites. A worst-case scenario would consist of a deer hunter establishing a
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hunting blind on-site during deer season. Exposure of hunters to
contaminants could occur via incidental soil ingestion or dermal contact

with soil.

3.2.6.2 Hunter {Juvenile)

This group of receptors represents a hypothetical scenario in which an
individual hunts on-site on a regular basis throughout the [owa rabbit
season. Exposure to contaminants would be expected to occur through the
same routes as for the adult hunter (i.e., via incidental soil ingestion
and dermal soil contact).

3.2.6.3 Farmer

This scenario was designed to estimate exposure to any farmer who might
enter the site even though it is not utilized as farmland. Potential
activities for this receptor include periodic fence repair, cutting back
brush and dead trees, cutting firewood, and general property maintenance.
Potential contaminant exposure would be expected to occur via dermal
contact or incidental ingestion of contaminated soils. The nature of the
activities associated with the farmer scenario potentially pfaces the
farmer in greater contact with soil than any other receptor group.

3.2.6.4 Hiker Gathering Edibles

A hypothetical scenario has been included to account for the possibility
that hikers may enter the site to gather edibles such as berries or
mushrooms. Potential contaminant exposure could occur via dermal contact

or ingestion of contaminated soil.

Potential exposure via gathering activities would likely be limited by the
following factors:

. Raspberries are the primary source of berries on site. However,
these plants are sparsely distributed and tend to be found at the
site peripheries near fence rows;
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° Mushrooms are highly sensitive to disruptive activities and
environmental contaminants. It is unlikely that any mushrooms
would be found in areas where grading or dumping activities had
occurred;

° The sloping terrain of the Baier site would limit many gathering
activities.

3.2.6.5 Hiker (Child)

This hypothetical scenario is designed to include the possibility that a
child may accompany the adult hiker (Section 4.2.5.4) during visits to the
site(s). Soil ingestion and dermal contact are the most likely routes of
potential contaminant exposure.

3.2.6.6 Hiker (Year-round)

This scenario is designed to include adults who may be walking through the
site. This is an unlikely scenario, given that there are no known hiking
trails in the immediate vicinity, both sites have restricted access. and
neither site contains unique features which would attract trespassers. As
in the other hiker scenarios. potential contaminant exposure would be
expected to occur via dermal contact or incidental ingestion of soil.

3.2.7 RECEPTOR GROUPS EXCLUDED IN THE EXPOSURE SCENARIOS

Residential receptors were excluded from the exposure scenarios developed
in this RA. The rationale for excluding this potential exposure scenario

includes:
° The sites are located in a very rural area with a low population
density and projected low growth: and
] There are no towns or communities in the immediate vicinity of

either site.

The exposure scenarios that are evaluated in this EA are summarized in
Table 3-1.
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3.2.8 FUTURE USE SCENARIOS

Consideration of future use scenarios in this RA is limited to a
hypothetical ground water ingestion scenario by residents near the McCar)
and Baier sites. The details regarding this scenario are presented in
Section 5.5 of this RA.

Other potential future use scenarios for either site cannot be forecast
because of the remote and rural nature of the sites. It is not possible to
predict changes in land use or demographics that may occur decades into the
future, especially for remote sites that have not even undergone
development beyond that of farming. The use of the McCarl site for future
agricultural or residential use is clearly precluded by the fact that
DuPont owns the site. The purchase of the Baier site by DuPont might
ultimately restrict potential future uses of that site as well.

Although future uses represent a source of uncertainty with regard to
future risks posed by any site, this uncertainty is minimal for the Baier
and McCarl sites because they are restricted with regard to access and
development and located in areas of low receptor density.

-

3.3 EVALUATION OF POTENTIAL EXPOSURE PARAMETERS

Those parameters which define contaminant exposure are quantified in order
to calculate daily contaminant intakes and potential health risks.
Parameters which are typically quantified include the frequency and
duration of exposure, quantity of soil ingested, surface area of exposed
skin, and body weight. The extent of contaminant exposure can be estimated
by incorporating these numerical values into exposure algorithms for dermal
soil contact and soil ingestion. Algorithms used for estimation of
exposure are given in Attachment I, and the exposure parameters for each

exposure scenario have been summarized by pathway in Tables I-1 and [-2.

Several variables used in the exposure algorithms have been assigned values
common to all exposure scenarios. These include:
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° An assumed life span of 75 years (i.e., 2.74 x 10° days);

° An assumed body weight of 70 kg for adults, 60 kg for juveniles,
and 43 kg for children;

) A soil adherence factor of 1.45 mg/cm’; and

° Exposure periods for adults and children are assumed to be 30 and
12 years, respectively.

The 75-year life span was obtained from the Exposure Factors Handbook
(1989). The soil adherence factor is used to estimate the adherent
properties of soil to human skin. The assumption has been made that site
soils resemble potting soil; therefore, the value given in the SEAM (1988)
for potting soil has been used. All other variables have been developed on
a scenario-specific basis and are discussed in Sections 3.3.1 through
3.3.6.

3.3.1 HUNTER (ADULT)

The hunter scenario is based on the length of the Iowa deer hunting season
(shotgun; 5 days). An extended season (9 days) also exists (Peterson’s
Hunting, September 1989 issue); however, it is assumed that the hunter
would be on-site for a total of 5 days, 8 hours per day. This scenario is
designed to overestimate the duration of exposure since few hunters would
stay at an unproductive site more than 1-2 days before moving to a
different location. In addition, most deer hunting is performed from tree
stands, which would further 1imit the potential for direct soil contact by

restricting movement.

In assessing the hunter’s exposure to soil, the assumption was made that
the rate of incidental ingestion of soil was 10 mg/day on-site. This is
the level of exposure that might be expected to result from an individual
removing articles of clothing and equipment (e.g. boots and gloves) that
may have soil adhering to them. Given that deer season occurs in October,
this ingestion rate is considered to overestimate exposure because the
hands would likely be covered by gloves. Dermal exposure has also been
estimated for hands only because of the type of clothing worn by a hunter
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in October. The surface area available for exposure to contaminants is
8.4 x 10% cm® which is the area of skin on the hands (Exposure Factors
Handbook; USEPA, 1989).

3.3.2 HUNTER (JUVENILE)

The juvenile hunter scenario is based on an individual who hunts on-site
with an estimated frequency of 5 days per week for a period of 12 weeks.
The duration of each period of time on-site is assumed to be 2 hours. The
frequency is based on a scenario whereby an adolescent would hunt
frequently throughout the lowa rabbit hunting season (Peterson’s Hunting.
September 1989) and considerably overestimates the potential exposure for
the following reasons:

° Rabbit hunting is a mobile activity. It would take less than one
hour to completely walk over the site and move on to a new
hunting area: and

] Continuous hunting of a site for more than a few days would cause
game depletion, which would force the hunter to temporarily
abandon the site for hunting activities.

Several of the exposure parameters given for the adult hunter have been
used in estimating exposure for the juvenile hunter. These include the

soil ingestion rate and the surface area of skin available for exposure.
3.3.3 FARMER

This scenario is based on a farmer who is assumed to enter the site 1 day
per week, four weeks per month for the 9 warmest months of the year. The
duration of each visit to the site is assumed to be 2 hours.

The surface area of skin available for exposure estimated for the farmer is
the same as for the adult hunter. The rate of soil ingestion is higher for
the farmer and is essentially the rate given by Hawley (1985) for adults.
The higher rate of soil ingestion for the farmer reflects the fact that
this individual might be on-site in warmer weather more conducive to
exposure. Also, the farmer may engage in activities that would increase
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the likelihood of contact with soil (e.g. cutting back brush, cutting back
dead trees, etc.).

3.3.4 HIKER GATHERING EDIBLES

The hiker gathering edibles scenario assumes that hikers would be on-site
for 8-hour lengths of time, 8 weekends per year. The frequency is based on
the fact that mushroom picking would occur only in the spring and only on
warm and dry weekends. The total window of time for these activities is
assumed to be 2 months.

The soil ingestion rate for this group of hikers is given as 60 mg/day on-
site (Hawley, 1985) to account for the fact that the activities of these
receptors necessarily facilitates contact with soil. The estimated surface
area of skin available for exposure is 8.4 x 10° cmé (hands only).

3.3.5 HIKER (CHILD)

Since this scenario assumes a child accompanying an adult hiker., the
frequency and duration of visits to the site by the child are similar to
those of the adult except that the exposure period is assumed to be

12 years.

The parameters for estimating exposure to contaminants in soil are
essentially the same as the adult. A distinction is made on the soil
ingestion rate, however, and a higher rate (100 mg/day on-site) has been
estimated for the child hiker. This value is conservative (i.e., will
overestimate exposure) compared with that given in the SEAM (1988) for
children 5 to 18 years of age. This soil ingestion rate is intended to
reflect the fact that children exhibit increased hand-to-mouth activity,
increased contact with soil, and to account for any food brought on-site.
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3.3.6 HIKER (YEAR-ROUND)

Hikers in this scenario are assumed to be on-site once per week during the
9 warmest months of the year (36 days total). The duration of each visit
is assumed to be 2 hours.

A1l exposure parameters relating to potential exposure to contaminants in
soil (i.e., dermal contact and soil ingestion) are the same as those
estimated for the adult hunter.

3.4 ESTIMATION OF EXPOSURE POINT CONCENTRATIONS

Exposure point concentrations are the contaminant concentrations to which a
receptor is exposed when contact is made with a specific environmental
medium. The contaminant concentrations presented in Table 2-1 have been
used as exposure point concentrations in this RA. The use of these
concentrations is conservative and will overestimate exposures for the
following reasons:

° The concentrations are expressed as arithmetic means which are
inherently skewed by higher contaminant concentrations;

. Contaminant concentrations in only surficial soils have been used
as exposure point concentrations; and

° The exposure point concentrations are assumed to remain constant
for the duration of the estimated exposure periods (i.e., 12,
30 or 70 years).

Exposure point concentrations have been calculated for soil only since both
of the complete exposure pathways at the sites involve that medium (i.e.,
soil ingestion and dermai contact with soil).

3.5 CALCULATION OF DAILY CONTAMINANT INTAKES (CDIs)

Daily contaminant intakes (CDIs) represent the daily amount of a
contaminant taken in by a receptor per kilogram body weight. The CDIs are
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used to estimate hazard quotients and potential cancer risks for each
contaminant. A CDI for a contaminant is calculated as follows:

Intake Factor x Exp. Point Conc. = CDI

[t is noted that different CDIs are used in calculating respective hazard
quotients and potential cancer risks for a contaminant. A CDI used for
calculating a hazard quotient makes use of intake factors developed for
exposure periods less than lifetime, whereas the CDI used to calculate
potential cancer risks uses an intake factor based on lifetime exposures.

The respective intake factors are presented in Attachment [ (following
Section 8.0) and exposure point concentrations are presented in Section 2.0
of this RA. The CDIs calculated for each contaminant for the various
exposure scenarios are presented in Section 5.0 of this RA.

3.6 UNCERTAINTIES

Evaluation of potential exposures involves uncertainties that may cause the
estimated exposures to be less than or greater than actual exposures at the
sites. These uncertainties are discussed qualitatively and quantitatively
in Section 6.0 of this RA.
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TABLE 3-1

SUMMARY OF EXPOSURE SCENARIOS

Receptor Population

Hunter (Adult)

Hunter (Juvenile)

Farmer

Hiker Gathering Edibles

Hiker (Child)

Hiker (Adult)

Potential Exposure Pathwaxg1

Incidental
Incidental
Incidental
Incidental
Incidental

Incidental

Ingestion;
Ingestion;
Ingestion;
Ingestion;
Ingestion;

Ingestion;

Dermal
Dermal
Dermal
Dermal
Dermal

Dermal

Contact
Contact
Contact
Contact
Contact

Contact

=
(]
[ad
[}

A1l scenarios are based on exposure to soil only.
involving surface water, ground water, and air do not appear to be

complete at the sites.
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4.0 TOXICITY ASSESSMENT

A toxicity assessment is performed as part of the RA to provide a summary
of the potential biological effects of the contaminants found at the sites.
The purpose of this section is to summarize concisely and present the
potential toxic effects of the compounds of concern as a group. The
potential toxicities of each contaminant, including acute and chronic
effects, teratogenic/reproductive effects, mutagenicity and carcinogenicity
are thoroughly discussed in Attachment II of this RA. In addition,
epidemiological studies pertaining to each contaminant have also been
discussed in order to provide information on possible health effects of

contaminants in human populations.

In general, metals represent a relatively well-characterized class of
contaminants. As described in Attachment [, each of the metals appears to
affect a unique physiological system (i.e., target organ) at the
appropriate doses. This is significant in that the potential effects due
to exposures to several metals may not be additive. Thus, the assumption
used in this RA that the critical effects of metals are additive greatly
overestimates the potential health hazards associated with exposure to
contaminants at the sites.

In addition, it is noted that several of the metals found at the site
antagonize (i.e., counter-act) the toxicities of other metals. For
example, selenium and arsenic antagonize the actions of each other and
selenium has been used as an antidote for arsenic poisoning. Moreover, the
fact that the contaminant metals were used as paint pigments is noteworthy.
Paint pigments tend to be highly insoluble compounds; and, therefore, are
characterized by low bioavailability (i.e., low potential for absorption)
if ingested by a receptor. The fact that the RA does not consider these
characteristics when estimating health hazards and cancer risks again
indicates that the potential health risks for the sites will be
overestimated.
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In conclusion, the specific metals found on the sites are well
characterized with respect to their toxicities in animals and, to some
extent, man. However, the physicochemical and biological properties of the
metals indicate that any potential effects resulting from exposure would be

mitigated.
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5.0 CHARACTERIZATION OF POTENTIAL CARCINOGENIC RISKS
AND NON-CARCINOGENIC HEALTH HAZARDS

5.1 PROCEDURES FOR CALCULATION OF POTENTIAL CARCINOGENIC RISK
AND NON-CARCINOGENIC HEALTH HAZARDS

In order to estimate the health risks associated with the Fort Madison
disposal sites, the estimated daily contaminant intakes (CDIs) for all
chemicals of concern were initially calculated. These values were
calculated for each exposure scenario as part of the exposure assessment
(Section 3.0). Two CDIs were calculated for each contaminant using the
respective arithmetic mean (i.e., representative level of exposure) and a
concentration based on the upper 95 percent confidence limit of the
arithmetic mean (e.g. the reasonable maximum exposure [RME]). The
reasonable maximum exposure is a worst-case scenario defined by USEPA as
the highest possible level of exposure that may occur on-site (RAG; USEPA,
1989). However, in many cases, the RME values are greater than the maximum
concentrations measured on-site and, therefore, may not be consistent with )
actual site contamination. The use of the RME is considered highly
conservative and in some cases, unreasonable.

The CDIs are summarized in Table 5-1. It should be noted that the CDI
values for the Baier site are based on data obtained from sampling
performed as part of the Removal Action Work Plan (RAW; Woodward-Clyde
Consultants, 1989). Soil sampling for the RAW was not conducted randomly.
but rather, was performed only in regions of obvious contamination. This
contributes to overestimation of the mean (representative) and RME
concentrations for the site. Thus, the CDI values for the Baier site
greatly overestimate the degree of contaminant intake. In conjunction with
the CDIs, the slope factor (SF) and reference doses (RfDs) are used to
estimate the respective carcinogenic and non-carcinogenic health risks.
These values are obtained from USEPA sources and are presented in

Table 5-2. It should be noted that arsenic is the only chemical of concern
with a listed oral SF. All other chemicals of concern are strictly non-
carcinogenic via oral uptake, with the possible exception of lead, which
will be addressed separately. It should also be noted that dermal RfDs are
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defined as the product of the oral RfDs and the percent gastrointestinal
(GI) absorption (RAG, Appendix A). The GI absorption values, as reported
in Friberg et al (1979, 1986), are presented in Table 5-2.

The potential cancer risk of a compound is calculated as the arithmetic
product of its CDI and SF. The overall cancer risk for each exposure route
is calculated as the sum of risks for all contaminants within the exposure
route. An overall cancer risk estimate is calculated for each exposure
scenario by summing the risks for each exposure route within the scenario.
The basis for this approach is the assumption that cancer risks are
additive. In the case where only one compound is being assessed (i.e.,
arsenic), this approach is probably valid.

The non-carcinogenic health hazard differs from the carcinogenic health
hazard in several ways. A non-carcinogenic health hazard is assumed to
exist only when exposure exceeds a threshold concentration (e.g. the
reference dose) associated with the lowest observed adverse effect level
for a compound. The ratio of the CDI over the RfD is termed the Hazard
Quotient (HQ). The summation of the HQs for all compounds is the Hazard
Index (HI). An HI greater than 1 indicates that the threshold has been
exceeded and a potential health hazard existg. while a value less than |
indicates the absence a health hazard. The HIl is designed to show only the
potential for a health hazard and is not probabilistic. Thus, the
magnitude of the Hl is unimportant in that an HI of 10 denotes no greater
potential for a health hazard than an HI of 100.

The assumption of additivity of sub-threshold HQ values in calculating an
HI is valid only when all compounds affect the same primary target organs,
and when there are no antagonistic or synergistic effects between
compounds. Neither of these requirements are met by the contaminants of
concern found at the Fort Madison sites due to the following:

° The various metals affect different target organs: and
. Selenium, for example, antagonizes the effects of several other

metals and decreases their toxicity.
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Both of these factors indicate that the HIs calculated by summation of HGS
are extremely conservative and overestimate the potential for a health
hazard. The use of an HI based on the summed HQs for heavy metal
especially concentrations may not be valid due to the varied biological
effects of these compounds.

5.2 SUMMARY OF POTENTIAL CANCER RISKS

The purpose of the risk characterization is to evaluate the potential
health risks associated with exposure to contaminants on-site. Potential
cancer risks for arsenic have been calculated for ingestion and dermal
contact with soils on for the Baier and McCarl sites. These estimates are
presented in Table 5-3. None of the other contaminants of concern are
classified as oral carcinogens, with the exception of lead which is treated
separately later in this report. In addition, this risk characterization
presents potential risks associated with botn the mean exposure (i.e.,
exposure based on arithmetic mean of soil contaminant concentrations) and
the RME (i.e., exposure based on the upper 95 percent confidence interval
of the arithmetic mean).

As presented in Table 5-3, poteﬁtia] cancer risks were within the 107 to
10°® range for both dermal and ingestion routes in all scenarios. The
highest potential risks were calculated using RMEs. The receptor group
with the greatest potential risks is the farmer scenario at the Baier site,
with a risk of 1.2 x 10°° (based on ingestion). Risks associated with
other receptors/exposure routes, based on the RME data, ranged from 2.4 x
10° to 7.6 x 1077. Potential cancer risks were even lower when calculated
for more likely exposure concentrations, based on the mean contaminant
concentration, with values ranging from 1.2 x 107° to 4.0 x 1077. Because
of the relatively poor dermal absorption of arsenic, the greatest potential
risks were always associated with the ingestion route of exposure.

[t is noteworthy that the mean concentrations of arsenic, the only compound
for which cancer risks were calculated, were almost identical for the
McCarl and Baier sites, and were near or at background levels. Thus. the
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potential cancer risks developed in this document, based on the mean
contaminant concentrations, reflect background cancer risks rather than
risks associated with paint waste disposal.

5.3 SUMMARY OF POTENTIAL NON-CARCINOGENIC HEALTH HAZARDS

Non-carcinogenic health hazards were evaluated for all exposure scenarios
for both Fort Madison sites. The HQ and HIl values are presented in

Table 5-4. The HQ values represent the hazards associated with the
individual contaminants, while the HI values represent the total non-
carcinogenic hazard for a particular pathway. As was done when calculating
potential cancer risks, health hazards were calculating using CDI values
for both RME and mean contaminant concentrations. In no case did an HI
value approach the threshold value of 1.0. The largest HI (8.2] x 10'2)
was calculated for the juvenile hunter at the Baier site, assuming dermal
contact based on RME contaminant concentrations. Other HI values based on
RME data ranged from 9.05 x 10 to 6.58 x 102, Hazard indices based on
mean contaminant concentrations are lower than Hl values based on RME data
and range from 2.83 x 10°* to 2.68 x 10°2. The highest HI value was
estimated for juvenile hunter at the Baier site.

The HI values calculated in this RA are substantially less than the
threshold risk value of 1.0, suggesting the absence of potential non-
carcinogenic health hazards for the proposed scenarios at either site. It
is noted that the RfD values used to calculate the HQs are health
protective in that they were developed based on the toxicity of the most
toxic or bioavailable forms of these metals. However, the contaminants of
concern at the Fort Madison sites are highly stable and insoluble compounds
with limited biocavailability. Thus, the RfDs contribute to an
overestimation of the health hazards. Other factors which may lead to an
overestimation of health hazards by overestimating the CDI are discussed in
the analysis of uncertainties (Section 6.0).
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5.4 POTENTIAL HEALTH EFFECTS OF LEAD

There is currently no USEPA-approved reference dose for lead. The reason
for this is that the USEPA is re-evaluating its policy towards lead based
on current scientific evidence that suggests that the neurobehavioral
effects of lead (e.g. learning deficit, hyperkinesis, diminished cognitive
behavior, etc.) do not exhibit a threshold. This finding is not consistent
with current concepts regarding non-carcinogenic (i.e., toxic) effects and
appears unique for lead. The concept of a reference dose is based on the
observation that even the most sensitive toxic effect produced by a
chemical requires a minimum dose for expression (i.e., a threshold). The
interim policy states that since certain non-carcinogenic effects of tead
may not exhibit a threshold, a reference dose type of approach cannot be
used to characterize the health risks associated with exposures to lead.

An alternate approach for assessing the potential non-carcinogenic effects
of lead is to estimate the blood lead levels that may result from exposure§
and comparing the resulting blood concentrations to an advisory range of
concentrations. The latter refers to a range of blood lead concentrations
in which the potential for harmful effects may exist. Blood lead levels
greate} than the advisory range may indicate the potential for harmful

effects of clinical concern.

Although there are several models that may be used to predict blood lead
levels from soil lead concentrations, the Integrated Uptake/Biokinetic
(IUBK) model has been selected for current usage (USEPA, 1989). This model
has a fundamental advantage in that it can be used to calculate bliood lead
levels as a function of absorbed lead as opposed to lead intake. This is
important because one of the key factors governing the sensitivity of an
organism to lead is the extent of absorption from the gastrointestinal
tract. Basically, the model is based on the following equation:

(qu 5.1) PbblOOd = Pbsoil + Pbbackground

The Pb,, iarouma term refers to the contribution to blood lead levels from

sources other than soil (e.g. air water, food, etc.). The background blood
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lead value suggested by USEPA is 5 ug/dL although the background

concentration may be quite variable. Equation 5.1 may be expanded to yield
the following:

(Eq. 5.2) Pbuioog = (Cooit) (ST)(AF)(BKSF) + (Pbyyiground)
where:
Ceosy = SO11 Tead concentration
Si = s0il ingestion rate
AF = gastrointestinal absorption factor
BKSF = biokinetic slope factor

PByackgrounas = Dackground blood lead level in ug/dL

The values of the variables given in Equation 5.2 are age-dependent.
Children (i.e., 2 years of age) are generally regarded as among the most
sensitive populations to lead exposure. (See Attachment IIl.) However, for
purposes of this RA, a 6-year-old child will be assumed to be the most
1ikely receptor since younger children would not easily be able to enter

the sites. Based on this assumption, the values assigned to the variables °
are as follows:

. SI = 0.010 g/day (Exposure Factors Handbook; USEPA, 1989);
° AF = 0.20 (see Attachment [I):
° BKSF = 0.4045 ug/dL per ug/day (Harley and Kneip, 1985); and

®  Pbuacigrows = 5 UG/dL.

Using Equation 5.2 and the soil lead data for the two sites, blood lead
lTevels have been calculated for the 6-year-old child and are presented
below:

Soil Concentration’ Blood Lead Level?
McCar] Site
Representative 1,314 6.1
RME 3,192 7.6
Baier Site
Representative 14,026 16.3
RME 42,397 39.3
Notes: | Soil concentrations have units of ug/g.

2 Blood lead levels have units of ug/dL.
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These results are compared to the advisory range established by USEPA to be
indicative of potential health concerns (Federal Register 53:31416,

August 18, 1988). Compared to this range (10 to 15 ug/dL) the blood lead
levels estimated for the McCarl site do not appear to warrant concern.
However, the blood lead levels estimated for the Baier site exceed the
advisory range. [In fact, the blood concentrations estimated for the RME
exceed 30 ug/dL which is the concentration at which the IUBK model becomes
non-linear (USEPA, 1989). Under this circumstance, the model may
underestimate the blood concentrations associated with exposure to lead in
soil. Moreover, blood lead levels greater than 40 ug/dL may be associated
with peripheral neuropathy.

However, an important distinction must be noted with regard to the soil
concentraticns at the McCarl and Baier sites. Soil samples at the Baier
site were taken exclusively from areas where overt evidence of surface
wastes was apparent and thus are not representative of the entire site.
Therefore, the blood lead levels are greatly overestimated unless exposures
occur exclusively in contaminated portions of the site exceeding the site-
specific, health-based cleanup goal. The sampling at the McCarl site, on
the other hand, was over the entire site and may be regarded as more

representative.

Otker uncertainties are associated with the estimated blood lead levels in
addition to the sampling patterns at the two sites. Key uncertainties
relate to the exposure assumptions (i.e., soil ingestion rate and
gastrointestinal absorption factor) as well as the fundamental assumption
that a young child could enter the sites.

In addition, it is noted that the I[UBK model itself represents a source of
uncertainty. Specifically, the slope value used to equate soil lead
concentrations with blood lead concentrations was developed based on human
exposures at the Bunker Hill lead site. Human exposure levels are regarded
as high for that site due to the extent of lead contamination and the
potential for multi-media exposures (i.e., air, soil, water, etc.). The
magnitude of the slope in the [UBK equation reflects the high potential for
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exposure to lead at that site, and may overestimate exposures at sites
where lead is less pervasive (e.g. Baier and McCarl sites). Moreover, the
advisory range of blood lead concentrations is intended to be protective of
sensitive populations (e.g. children and pregnant women) that are not
likely to be on site. Indeed, the receptor populations likely to be on-
site (i.e., adult hunters and farmers) are expected to be more tolerant to
exposures to lead.

5.5 POTENTIAL HEALTH RISKS ASSOCIATED WITH GROUND WATER

A future use scenario was developed to evaluate potential health risks for
ground water ingestion. Potential health risks associated with ground water
ingestion were calculated from mean values (total metals) based on near-
site wells for both the Baier and McCarl sites. The monitoring wells used
to evaluate potential health risks for ground water use near the Baier site
include a, b, dl, and 11. Two monitoring wells (1 and 4a) and two
residential wells (Glasgow and King) were used to develop hypothetical
exposure point concentrations for ground water near the McCarl site. The
1ikelihood of a receptor using water similar to that obtained from the
majority of the monitoring wells is questionable because of the very poor
water quality. The ground water considered in this exercise contains an
appreciable sediment load. Exposure parameters used in this exercise
include the following:

° 50-year exposure period;

J 351-days/year exposure frequency;
o 70-kg body weight;

° 75-year life expectancy; and

J 1.6-1iter/day water ingestion (based on the mean uptake in [owa,
Exposure Factors Handbook; USEPA, 1989).

Potential non-carcinogenic health hazards were not indicated for either

. site (i.e., the HI values were less than the threshold value of 1.0). The
HI calculated for the McCarl site was 0.2 and the HI for the Baier site
ranged from 0.6 (assuming trivalent chromium) to 0.8 (assuming hexavalent
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chromium). Since the metals associated with the paint wastes are generally
insoluble and adhere to clay particles, the estimated HI values probably
represent sediment ingestion rather than ingestion of metals dissolved in
ground water.

The estimated cancer risks associated with the sites ranged from 1.3 x 107
(McCarl) to 8.2 x 107 (Baier). It should be noted that the cancer risks
were based on arsenic only. The arsenic present in the Baier wells was at
or near background levels. Indeed, no arsenic was detected in any of the
wells adjacent to the McCarl site. However, using half the detection limit
as the arsenic concentration for the McCarl wells. and based on the
conservative intake factors (e.g. exposure period. exposure frequency,
ingestion volume), a relatively large cancer risk was calculated (106).
Since cancer risks from ground water ingestion at both sites are based on
naturally occurring arsenic levels, and would be the same for contaminated
or non-contaminated wells, on- or off-site, these relatively high estimated

cancer risks cannot be considered a result of paint waste disposal

activities.

5.6 SUMMARY OF POTENTIAL HEALTH RISKS

Cumulative potential cancer risks and non-carcinogenic hazard indices for
each exposure scenario are given in Table 5-5. The potential cancer risk
for the farmer at the Baier site, based on the RME data, is 1.2 x 10'6,
which is at the lower end of the advisory range (i.e.. 1 x 10°® to

1 x 10"). Using a more realistic exposure based on mean contaminant
concentrations, the farmers’ risk is 4.0 x 1077. Potential cancer risks
for all other exposure scenarios are low, ranging from 1.0 x 10°® to

7.8 x 107 (considering both mean and RME levels of exposure).

In general, the potential cancer risks are low at both sites, and are below
the 10°® to 10°° advisory range. Thus, under the conditions described in
this RA, the sites appear to pose little potential cancer risk. This
conclusion is based on the following: '
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° Exposure estimates used to calculate potential health risks were
based on conservative criteria and have been overestimated.

° Health risks based on a RME scenario do not reflect realistic
exposures to contaminants.

° Cancer risks were developed based on arsenic exposure only.
However, it appears that the arsenic on-site is at or near
background levels; therefore, associated cancer risks should be
considered as background cancer risks.

Potential non-carcinogenic health hazards were not indicated for any of the
exposure scenarios developed in this EA, with the possible exception of the
effects of lead on young children.

The potential health risks presented in this RA have been estimated for
receptor groups that could reasonably come into contact with contaminants
at the Fort Madison paint waste disposal sites. However, the exposure
scanarios evaluated in this RA are comprehensive in relation to the range

of actual exposures that may occur at the sites.
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Hiker

Contaminant {Chid)
McCarl - Oral

Arsenic 6.52 x 10
Barium 3.31 x 10
Cadmium 1.05 x 10°
Chromium 1.43 x 107
Copper 3.37 x 10°
Lead 6.96 x 10
Manganese 1.12 x 10
Setenium 3.87 x 10°
Zinc 2.28 x 10°

McCarl - Dcrmal

Arsenic 7.94 x
Barium 4.03 x
Cadmium 1.28 »
Chromium 1.74 x
Copper 4.10 x
tead 2.83 x
Manganese 1.37 x
Selentum 4.72 x
2inc 2.77 «x

WCC Project 89C7583-1

£.1. du Pont de Nemours & Co.

107
107
10°
10

10°

10

ESTIMATED DAILY INMIAKES (CDis)

TABLE 5-1

RNE

USED FOR ESTIMAVION OF HAZARD INDICES

Juvenile

Aunter

49 x 1077
77 x 107"
.62 x 1078
.66 x 1078
.81 x 107
71 x 1070
.03 x 107°
.08 x 107
.22 x 107%
.25 x 108
16 x 10°°
.86 x 1077
.30 x 107
.20 x 10°°
.06 x 107°
.33 x 1078
53 x 1077
49 x 10°°

(mg/kg/day)

Hiker
Edibles

2.39 x 1077

1.22 x 1074

3.85 x 10°°

s.24 x 10°¢

1.24 x 107°

5.97 x 107°

4.13 x 107°

1.42 x 1070

8.37 x 1072

2.52 x 10°
1.21 x 10°°
8.39 x 12°

2.89 x 108

Hiker
{Year Round)

2.88 x 10
3.92 x 10
9.27 x 10°
4.647 x 10

3.09 x 10

5.46 x 10

3.78 x 107

.50 x 10
.27 x 107
.02 x 107
.46 x 107
.29 x 107
.22 x 10
.31 x 107
.48 x 107

.72 x 107

.03 x 10°

.57 x 107
.57 x 10
L26 x 107

.80 x 10

Hunter

.54 x 10°°

.88 x 108

Farmer
1.08 x 10°¢
5.47 x 1074
1.73 x 1072
2.36 x 107°
5.57 x 107°
2.69 x 10°*
1.86 x 10°°
6.41 x 1076
3.77 x 1074
2.19 x 1078
1.11 x 1077
3.52 x 1077
4.79 x 10°°
1.13 x 1078
5.46 x 1070
3.78 x 1078
1.30 x 1077
7.65 x 10°°

January 16, 1991
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Hiker

Contaminant (Child)
McCarl - Oral
Arsenitc 3.41 2 1077

-4
Barium 1.36 x 10
Cadmium 2.20 x 10°°
Chromium 5.38 x ‘IO'6

-6
Copper 6.87 x 10
Lead 2.86 x 1073
Manganese 6.68 x ‘IO-S
Selenium 5.80 x 1077
Zinc 9.93 x 107°
KcCarl - Dermal

-9
Arsenic 4.15 x 10

-6
Barium 1.67 x 10
Cadmium 2.68 x 10*8
Chromium 6.55 x 108

-8
Copper 8.37 x 10
Lead 1.16 x 10°°
Manganese 8.13 x 10 7
Selenium 7.07 x 1077
2inc 1.21 x 1078
WCC Project B9C7583-1
E.l. du Pont de Nemours & Co.

ESTIMATED DAILY INMYTAKES (CDIs)

Juvenile
Hunter

1.83 «x

3.69 x

1.63 x

3.51 x

4.48 x

4.36 x

4.39 x

TABLE 5-1
(Continued)

(mg/kg/day)

Hiker
(Edibles)

1.25 x 10
5.03 x 10
8.08 x 10
1.97 x 10
2.52 x 10
2.46 x 10

2.47 x 10

1.64 x 10
4.01 x 10°
5.13 x 1078
.99 x 10

5.02 x 10°

REPRESENTATIVE
USED FOR ESTIMATION OF WAZARD INODICES

Hiker
(Year Round)
9.38 x 10
3.76 x 10
6.05 x 10
1.48 x 10
1.89 x 10
1.84 x 10
1.85 x 10°
1.60 x 10°
2.73 x 10
1.15 x 10
4.60 x 10
7.39 x 10
1.81 x 10
2.3V x 10
2.25 x 10
2.26 x 10’
1.95 x 10°
3.33 x 10

Hunter
.31 x 10
L2464 x 107
.42 x 107
.06 x 107
.63 x 10°
.56 x 10
.58 x 10°
.22 x 107
.80 x 10°
.59 x 107
.37 x 10
.02 x 10°
.50 x 107
.20 x 10’
1 x 107
J13 x 107
.70 x 107
.62 x 107

armer

5.64 x
2.26 x
3.64 x

8.89 x

9.60 x

1.64 x

7.39 x
1.81 x
2.31 x
2.26 x

2.25 «x

3.33 x

January 16, 1991
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Contaminant
Baier - Oral
Arsenic
Cadmium
Chromium

Lt ead

Selenium

Baier - Dermal
Arsenic
Cadmium
Chromium

Lead

Selenium

WCC Project B89C7583-1

€E.1. du Pont de Nemours & Co.

31

.76

.63

Hiker
(Child)
.02 x 10°
.90 x 10
.40 10’
.24 10
.98 x 10
.25 x 107

TABLE S5-19
(Continued)
ESTIMATED DAILY INTAKES (CDIs)

- RME

USED FOR ESTIMATION OF MAZARD IMDICES

Juvenile
Hunter
5.49 x 1077
1.02 x 10°°
S.064 x 107°
1.16 x 1073
1.60 x 10°°
6.67 x 10°8
1.2¢ x 108
6.13 x 10°°
1.641 x 107¢
1.95 x 1077

(mg/kg/day)
Hiker
(Edibles)
3.76 x 10
6.98 x 10
3.45 x 10
7.93 10°
1.10 10
7.64 x 10°
1.42 x 10
7.02 x 10
1.61 10°
2.23 10°

Hiker
(Year Round)
2.81 x 1077
5.22 x 107
2.59 x 107°
5.94 x 10°“
8.20 x 1077
3.44 x 108
6.38 x 1077
3.16 x 10°°
7.25 x 10°°
1.00 x 10 7

.38

.00

.39

Hunter
.92 x 10°
.27 x 107
.60 x 10°
.27 x 107

14 10
.76 x 107
.84 x 10°

10
10

10°

January 16,
Page 3 of 5

Farmer

.69 x

.56 x
.57 x

.93 «x

Lol x

.38 x

16 x

.25 x

.00 x

1991



Hiker
Contaminant (Child)
Baier - Oral
Arsenic .36 10
Cadmium .96 107
Chromium .1 10
Lead .06 x 10
Selenium .37 10
Baier - Dermal
Arsenic .09 x 10°
Cadmium .25 x 10°
Chromium .79 10°
Lead .24 x 107
Setenium L4 x 10
WCC Project B9C7583 1
E.]l. du Pont de Nemours & Co.

ESTIMATED DAILY IMTAKES (CDIs)

Juvenile
_Hunter
1.80 x 107
3.19 x 10°°
1.67 x 107°
3.85 x 10°°
5.02 x 1077
2.19 x 108
3.88 x 1077
2.03 x 107
4.66 x 1070
6.11 x 108

TABLE 5-1
(Continued)

(mg/kg/day)
Hiker
(Edibles)
1.23 x 107
2.19 x 10°°
1.14 x 107
2.62 x 10°°
3.44 x 1077
2.51 x 1077
4.44 x 1078
2.33 x 1077
5.33 x 10°°
6.99 x 1077

REPRESENTATIVE
USED FOR ESTIMATION OF NAZARD INDICES

Hiker
{Year Round)
9.24 10
1.664 x 10
8.57 x 10
1.96 x 10
2.58 x 10
1.13 x 10°

1.05

.77

.45

.32

.36

Hunter
.29 x 10
.28 x 10
19 x 10
.74 x 10
.59 x 10
.56 x 10°

10°
10°

10

January 16,
Page & of S

Farmer
56 x 1077
84 x 10°°
5 x 1070
18 x 1073
.55 x 10°°
.13 x 108
.00 x 1077
.05 x 10°%
40 x 1070
.15 x 1078
1991




» Hiker
Contaminant (Chitd)
McCarl - RRE
oral 1.04 x 1077
Dermal 1.26 x 1077
McCarl - Representative
oral 5.44 x 1078
Dermal 6.61 x ‘IOA10
Baier - RME
Oral 1.63 x 1077
Dermal 1.99 x 10°°
Baier - Representative
oral 5.36 x 108
Dermal 6.53 x 10"0

WCC Project B9C7583-1
€.1. du Pont de Nemours & Co.

1

TABLE 5-1
(Continued)
ESTIMATED DAILY INTAKES (CDIls)

USED FOR ESTIMATION OF CANCER RISKS

ARSENIC ONLY

(mg/kg/day)
Juvenile Hiker
_Hunter_ (Edibles)
.7 .
40 x 10 9.57 x 10
.70 x 1078 1.95 x 10°
.30 x 10°8 5.01 x 10°
91 x 10°7° 1.02 x 10°
-7
19 x 10 1.50 x 10-
.67 x 108 3.06 x 10
19 x 1078 4.94 x 10°
.78 x 1077 1.00 x 10

Hiker
(Year Round)
7.18 x 108
8.74 x 10°°
3.76 x 108
4.58 x 1077
1.13 x 1077
1.37 x 10°8
5.70 x 108
4.51 x 107

Hunter

9.97 x 10

1.21 x 10’

5.22 x 10

6.35 x 10°

1.57 x 10°

1.91 x 10

5.16 x 10°

6.26 x 10°

9

9

9

10

8

9

9

10

January 16,
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.31 x 107

746 x

.26 x

.58 x

77 x

.37 x

.22 x

51 x

1991




Contaminant

Arsenic’
Barium’
Cadmium’
Chromium
Copper
Lead
Manganese

Selenium

Zinc

WCC Project 89C7583-1
du Pont de Nemours & Co.

E. 1.

TABLE 5-2

CRITICAL TOXICITY VALUES
SLOPE FACTORS (SFs) AND REFERENCE DOSES (RfDs)

Percent GI Slope Factor , Reference Dose (RED)
Absorption Oral Dermal Oral Dermal
90 1.75 1.94 1 x 103 9.0x10°¢
0 NC? NC 5 x 107° ND®
6 NAZ NA 1 x10° 6.0x10°
2 NA NA 5x 107 1.0 x 107
50 NC NC 1.3 6.5 x 107
2-60° NE'® NE NE NE
3 NC NC 2 x 10" 6.0 x 107
80 NC NC 3x10° 2.4 X107
58 NC NC 2 x 10" 1.2 x 107

Critical toxicity values obtained from Integrated Risk
Information System (IRIS) and Health Effects Assessment Summary
Tables (HEAST) (USEPA, 1st and 2nd quarters, Fiscal Year 1990).

Dermal carcinogen potency factor = SF__ /Percent GI absorption
Dermal reference dose = RFD__ x Percent GI absorption

Arsenic is only metal classified as carcinogenic.

NC - Compound is not a known or suspected carcinogen.

ND - Barium is not absorbed dermally and thus has no RFD,,, . .

Two RfD values are assigned to cadmium. 1 x 10-3 for ?ood, and

5 x 10 % For water.

NA - Compound is carcinogenic via inhalation route, but not via
oral route.

Percent absorption decreases with age.

None established. Lead is a known toxicant and probable human

carcinogen, but CTVs are unavailable at the current time.

January 16. 1991
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Ingestion- RNME
Baver

McCarl

Dermal - RME
Baier

McCarl

Ingestion - Representative
Barer

McCarl

Dermal - Representative
Baler

McCarl

WCC Project B89C75831

E.l. du Pont de Nemours & Co.

TABLE 5-3

POTENTIAL CANCER RISKS ASSOCIATED UITH

IMGESTIOM AND DERMAL COMTACT WITH CONTAMINATED SOIL
ARSEMIC ONLY

Hiker
(Child)

Exposure Scenario

Juvenile
Hunter

Hiker

(Edibles)

Hiker
(Year Round)

Hunter

January 16,
Page 1 of 1

x 10

x 10

1991



Hiker

{child)
McCarl
Arsenic .49 x 107
Barium .59 x 107
Cadmium .04 x
Chromium .84 x 10°
Copper .58 x 10’
Manganese .60 x 107
Selenium .29 x 107
21nc 13 x 10°
2: 1 .35 x 10
Baier
Arsenic .02 x 10
Cadmium .89 x 10~
Chromium .87 x 10
Selenium .90 x 10
2: 1 .96 x 10
Notes: ! The summation of

WCC Project B9C7983 1

E.l. du Pont de Nemours & Co.

107

the hazard quotients

TABLE S-4

NON-CARCIMOGENIC HAZARD QUOTIENTS ASSOCIATED WiITH
INGESTION OF CONTAMINATED SOlL BASED ONM
REASONABLE MAXIMUM EXPOSURE (RME)

Juvenile
Hunter
.49 x 107
.55 x 10°
.62 x 10
.53 x 10’
.39 x 10
.02 x 107
.93 x 10’
11 X 10
.27 x 10
.49 x 107
.02 x 10
.01 x 107
.33 x 107
13 x 107

Exposure Scenario

the hazard i1ndex.

Riker

(Edibles)
‘ 2.39 x 107
3 2.43 x 10°
-3 3.85 x 107
3 1.05 x 10
K 9.52 x 10
¢ 2.07 x 10’
4 4.74 x 10
. «.18 x 10°
2 8.68 x 10
“ 5.76 x 10
2 6.98 x 10°
2 6.91 x 10°
4 3.65 x 10°
2 1.46 x 107

Hiker

{Year Round)

2.88

7.84

1.55

3.55

2.81

5.17

X

Hunter
.50 x 10°
.54 x 107
.02 x 107
.09 x 10’
.93 x 10
.15 x 107
.95 x 10°
.36 x 107
.05 x 10°
.92 x 10
27 % 107
.20 x 107
.81 x 10°
.52 x 107

January 16,
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Farmer

.08 x

.09 x

73 x

.72 x

.29 x

.30 x

.88 «x

.91 x

.69 x

14 x

11 x

.64 x

.58 x

1991




NcCarl
Arsenic
Barium
Cadmium
Chromium
Copper
Manganese
Selenium
2inc

): 1
Baicr
Arsenic
Cadmium
Chromium

Selenium

2: 1

Notes: !

WCC Project 89C7583-1

E.l., du Pont de Nemours & Co.

Hiker
{Chitld)

.40
.73
19
.07
.27
.35
.93
.94

.35

.35
.93
.21
R

.28

The summation of

10°
10
10
10°
107
10
10°
10

10

10
10°
10
10

10

the hazard quotients

TABLE 5 4
(Continued)

NON -CARCINOGENIC HWAZARD QUOTIENIS ASSOCIATED WITH
INGESTIONM OF CONTAMINATED SOIL BASED OM

REPRESEMTATIVE SOIL CONCEMNTRATIONS

Exposure Scenario

's the hazard 1ndex.

Juvenile Hiker

Hunter (tdibles)
.83 x 10°° 1.25 x 10°
47 x 1073 1.01 x 10°
18 x 1073 8.08 x 10°
77 x 10°* 3.95 x 10°
.86 x 10°° 1.94 x 10
.80 x 107" 1.26 x 10°
.04 x 10°% 7.11 x 10
66 x 107 1.82 x 10°
.96 x 1073 2.71 x 107
.80 x 10°“ 1.23 x 107
19 x 1073 2.19 x 107
34 x 1073 2.29 x 10°
67 x 10°% 1.15 x 10°
.88 x 1073 6.71 x 10

Hiker
(Year Round)
9.38 x 10
7.53 x 10
6.05 x 10’
2.96 x 10°
1.45 x 10
9.25 x 10
5.32 x 10
1.37 x 12
2.03 x 10°
9.24 x 10
1.664 x 10
1.7V x 10
8.59 x 10
3.53 x 10

Hunter
J31 x 107
.05 x 10°
.42 x 107
12 x 100
.03 x 10°
.29 x 107
L6l x 107
.90 x 10°
.83 x 10
.29 x 10
.28 x 107
.39 x 107
.20 x 107
.91 x 10

January 16,
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farmer
5.64 x 10
4.53 x 10
3.64 x 10
1.78 x 10
8.74 x 10
5.56 x 10
3.20 x 10
8.21 x 10
1.22 x 10
5.56 x 10
9.84 x 10
1.03 x 10
5.16 x 10
2.12 x 10

1991
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-2

-4



McCarl
Arsenic
Barium
Cadmium
Chromium
Copper
Manganese
Selenium
Zinc

2: 1
Baier
Arsenic
Cadmium
Chromium
Selentum

2: 1

Notes:

Hiker
(Child)

.26

.04

.48

.02

.26

.81

.42

.92

.98

.64

16

10

10

10°
10°
10°

10°

DERMAL CONTACT WITH CONTAMINATED SOIL BASED ONM

TABLE 5 4
MON - CARCINOGENIC HAZARD QUOTIEMTS ASSOCIATED WiTH

REASONABLE MAXIMUM EXPOSURE (RME)

Exposure Scenario

Juvenile Hiker
Hunter (Edibles)
4.72 x 1072 5.40 x 10°°
1.164 x 10°° 1.30 x 1073
9.30 x 1073 1.06 x 103
3.38 x 10°° 3.87 x 1077
1.22 x 1073 1.40 x 10°%
1.05 x 1074 1.20 x 10°°
1.28 x 10°° 1.47 x 10°°
2.22 x 10°¢ 2.54 x 103
7.41 x 107° 8.49 x 10
2.06 x 10°°¢ 2.36 » 1073
6.13 x 102 7.02 x 103
8B.11 x 107° 9.28 x 10°°
8.21 x 102 9.40 x 1073

The summation of the hazard quotients

Bartum 1s not absorbed dermally.

WCC Project 89C7583-1

E.l. du Pont de Nemours & Co.

ts the hazard index.

Hiker

{Year Round)

5.87

1.74

6.30

5.42

10°

127

10°¢

Hunter

.37

14

.64

.4

.73

.5

.58

.29

47

.38

79

.86

January 16,
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Farmer
43 x 1070
.87 x 1073
.79 x 1073
.76 x 1078
.30 x 10°%
42 x 1079
.60 x 1070
6 x 10°¢
82 x 107
.06 x 1072
16 x 1072
18 x 107°
.23 x 1072
1991



McCarl
Arsenic
Barium
Cadmium
Chromium
Copper
Manganese
Sclenium
21nc
2:1
Barer
Arsenic
Cadmium
Chromium

Selentum
2;1

Notes:

The summation of

DERMAL COMTACT WITH CONTAMINATED SOIL BASED ON
REPRESENTATIVE SOIL COMCENTRATIONS

the hazard quotients

Barium 1s not absorbed dermally.

WCC Project 89C75831

£.1. du Pont de Nemours & Co.

Niker Juvenile
(Child) Munter
6 .
.60 x 10 2.47 x 10
.4 .
.38 x 10 2.39 x 10
.36 x 10°° 3.51 x 10
84 x 1077 6.90 x 10°
.95 x 1074 7.31 x 107
Vé -
221 x 10 1.58 x 10
49 x 1072 5.58 x 10
79 x 1073 6.72 x 10°
50 x 10 ° 2.43 x 10
73 x 1073 6.47 x 10°
42 x 103 2.03 x 10
&
79 x 10 2.55 x 10
16 x 1073 2.68 x 10°

s

TABLE 5-4
NON-CARCINOGENIC HAZARD QUOTIENTS ASSOCIATED WITH

Lxposure Scenario

the hazard 1ndex.

Hiker

{Edibles)
> 2.83 x 108
3 2.76 x 107"
3 4.01 x 10°°
7 7.89 x 1078
¢ 8.37 x 10°°
> 1.81 x 10°°
> © 6.39 x 10°°
5 7.70 x 1074
> 2.79 x 10 °
s 7.40 x 10°¢
¢ 2.33% x 103
o 2.91 x 108
2 3.07 x 1073

Niker
(Year Round)
1.27 x 10°
1.23 x 10°
1.81 x 10°
3.55 x 10°
3.76 x 107
8.12 x 10’
2.87 x 10
3.46 x 10
1.25 x 10
3.33 x 10
1.05 x 10
.31 x 107
1.38 x 10°

Hunter

76

71
.50
.92
.22
.13
.98

.80

74

.62

L45

.82

.92

January 16,
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Farmer
.27 x 1072
.23 x 1073
.81 x 1073
.55 x 1077
76 x 10°%
12 x 1078
.87 x 1070
46 x 1073
25 x 10°°
33 x 1073
05 x 10°°
31 % 107°
.38 x 107
1991




+ABLE 5-5

SUMMARY OF CUMULATIVE POTENTIAL CANCER RISKS
AND NON-CARCINOGENIC HAZARDS INDICES

Reasonable Maximum Exposure (RME)

Representative Exposure

Exposure Scenario Potential Cancer Risk Non-Carcinogenic Hazard Potential Cancer Risk Non-Carcinogenic Hazard
Index Index

Bater
Hiker (Child) 2.9 x 107 0.062 9.5 x 1078 0.020
Juvenile Hunter 6.3 x ‘IO_7 0.10 1.9 x 'I()_7 0.034
Wiker (Edibles) 2.7 x 1077 0.016 8.8 » 108 0.0078
Hiker (Year Round) 2.3 x 1077 0.053 7.4 x 108 0.017
Hunter 3.1 x 108 0.0074 1.0 x 1078 0.0024
fFarmer 1.2 x 1070 0.1 4.0 x 1077 0.035
McCarl
Miker (Child) 1.8 x 1077 ' 0.029 9.6 x 108 0.0092
Juvenile Hunter 2.7 x 10/ 0.035 1.5 x 1077 0.011
Hiker (Edibles) 1.7 x 107 0.011 8.8 x 108 0.0035
Miker (Year Round) 1.5 x 1077 0.018 7.5 x 108 0.0055
Hunter 1.9 x 108 0.0025 1.0 x 1078 0.00076
Farmer 7.8 x 1077 0.051 61 x 1077 0.016

.
WCC Project 89C75831 January 16, 1991
E.l. du Pont de Nemours & Co. Page 1 of 1




6.0 ANALYSIS OF UNCERTAINTIES

The estimation of the potential health risks associated with a site is
based on the best available data regarding chemical exposures and
contaminant toxicities. Because of the uncertainties inherent in this
information, the actual risks associated with the site are unknown. The
major sources of uncertainty include the exposure assumptions, estimated
exposure point concentrations, and the use of toxicity data based on animal
studies. The uncertainty associated with animal data refers specifically
to the extrapolation of high-dose animal studies to low-dose human
exposure.

Uncertainty can lead to an under- or overestimation of potential risk.
Table 6-1 presents a qualitative assessment of factors which may contribute
to uncertainty in the estimation of potential risks.

A quantitative sensitivity analysis was also performed on a number of
exposure parameters to determine their effect on risk. The parameters
analyzed include the following:

. Dermal surface area;
° Frequency of exposure;
J Duration of exposure;

° Body weight; and

° Soil ingestion rate.

Two scenarios were investigated, the juvenile hunter (hazard index) and the
farmer (cancer risk), both from the Baier site. These scenarios were
chosen for analysis because they were associated with the highest
respective risk estimates in the risk characterization. Sensitivity of
risk estimates to changes in the various parameters were examined using
both the RME and representative (i.e., mean) exposure point concentrations.
The results are presenﬁed in Figures 6-1 through 6-10. The exposure values
originally presented in the exposure assessment are listed on the x-axis as
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the 100 percent values. The sensitivity of the HI and cancer risk (CR)
values to variations in the exposure parameters was evaluated by varying
the exposure values from 10 percent to 1,000 percent of the original value.
In some cases, the values became impossibly high (e.g. the frequency of
exposure cannot exceed 365 days per year, nor could an individual live on-
site for 300 years).

In the case of the farmer scenario, a cancer risk greater than of 1 x 107°
was obtained only using the RME. To obtain a CR in excess of 1 x 10, a
ten-fold increase in exposure duration (not possible), frequency of
exposure or soil ingestion rate, or ten-fold decrease in body weight (not
possible) would be required. It is noted that increasing the surface area
of exposed skin does not affect the overall (cumulative) cancer risk
estimate for the farmer.

Sensitivity analysis of the juvenile hunter demonstrated that a ten-fold
increase in dermal surface area, exposure duration or exposure frequency,
or a ten-fold decrease in body weight was required to obtain HI values near
1.0. Even using these unrealistic values (e.g. impossible), HI values near
1.0 could only be obtained only using the RME. [t should be noted that for
non-carcinogenic health hazards, dermaﬁ contact was a more pathway than
soil ingestion. A ten-fold increase in the ingestion rate produced an
increase in the HI value which was still less than 1.0.
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TABLE 6-1

SUMMARY OF UNCERTAINTIES ASSOCIATED WITH RISK ASSESSMENT

FOR FORT MADISON PAINT WASTE DISPOSAL SITES

Estimated’

Magnitude of Direction of Effect

Assumption Effect on on Risk Estimate
Risk
Environmental Sampling and Analysis
Errors in chemical analysis. Low May over-or
underestimate risk.

Soil samples from the Baier site were Moderate - May overestimate
collected from regions of obvious High risk.
contamination only.
Fate and Transport Modeling
Chemical concentrations reported as Low May over- or
"below method detection limit" are underestimate risk.
used at one-half detection limit when
calculating mean chemical
concentrations.
Toxicological Data
Reference Doses (RfDs) are based on Low - May overestimate
the most bioavailable forms of these Moderate risk.
compounds, while paint pigments tend
to be highly stable, with low
bicavailability.
The model used to determine the toxic Low - May overestimate
effects of lead assumes daily lead Moderate risk.
exposure, and makes no allowance for
infrequent or periodic exposure.
Hazard indices for the Baier site Low May underestimate

were calculated for only those
chemicals of concern identified in
the Removal Action Work Plan (RAW).
Hazard indices for the McCarl site
included the chemicals used for the
Baier site plus barium. copper.
manganese, and zinc.

risk at Baier site.
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TABLE 6-1

(Continued)

SUMMARY OF UNCERTAINTIES ASSOCIATED WITH RISK ASSESSMENT
FOR FORT MADISON PAINT WASTE DISPOSAL SITES

Estimated'

Magnitude of Direction of Effect

Assumption Effect on on Risk Estimate
Risk
Exposure Parameters
Conservative values were used for Low - May overestimate
exposure duration, frequency, Moderate risk.
ingestion rate, and dermal surface
area.
Dermal absorption was assumed to be Low May over- or
the same ror all contaminants. underestimate risk.
Estimation of soil adherence factor. Low May over- or
underestimate risk.

=
[e]
[nd
1]

The effect of altering a variable on estimated risk is defined as

Jow if it is less than one order of magnitude: moderate if it is
between one and two orders of magnitude: and great if it is
greater than two orders of magnitude.
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FIGURE 6-5
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7.0 SUMMARY AND CONCLUSIONS

This RA has evaluated potential health hazards (i.e., non-carcinogenic
effects) and cancer risks that may result from exposure to contaminant
metals found on the Baier and McCarl sites. An evaluation of potential
health risks has been performed for a group of exposure scenarios believed
to represent the most likely forms of human activities occurring on the
sites. Potential health risks were evaluated for two pathways, soil
ingestion and soil dermal contact, and assumed either a representative
Tevel of exposure or a reasonable maximum exposure.

The results of the risk characterization indicate that potential cancer
risks estimated for the sites range from 10° to 10°® at reasonable maximum
levels of excosure. The range of potential cancer risks estimated for
representative levels of exposure was even lower (107 to 1077). These
levels of potential risks do not appear excessive for these sites for the

following reasons:

. The sites are remote;
. Human activity (jf any) is infrequent on the sites; and
] The estimated risks are at the Tow end, or below. the advisory

range of 10°® to 10°“ established by USEPA.

A non-carcinogenic health hazard does not exist for any of the exposure
scenarios evaluated in this RA. However, exposure to lead in portions of
the Caier site may result in unacceptable blood lead levels (i.e.. greater
than 15 ug/dL). It is noted that blood lead levels are currently used to
assess the potential for health hazards posed by this contaminant and that
increases in blood lead levels are generally of greatest concern in
children. However, the blood lead Tevels estimated in this RA are believed
to be conservative (i.e., overestimated) based on the following:

U Estimates of blood lead levels are based on the assumption that
exposures occur exclusively in the areas of former waste disposal
(i.e., exposures are localized); and
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° Increases in blood lead levels are most significant for very
young children (newborns to 6 years of age) and it is unlikely
that this group of receptors would enter the site.

Hypothetical ground water ingestion was considered as a potential future
use of the Baier and McCarl sites. Potential cancer risks estimated for
arsenic in an ingestion scenario were on the order of 10" which
corresponds to risks associated with background levels of arsenic in ground

water.

In conclusion, based on the evaluation presented in this RA, it appears
that neither site poses significant health risks to persons on or near the
respective sites. The exception may be exposure to lead which could pose a
health hazard to younger children. However, the likelihood of children
entering either site appears remote. Based on the resuits of this RA,
several recommendations can be made that would further reduce the potential

for exposures at the sites including:

° Install sufficient fencing around the site perimeters to prevent
access by children;

° Obtain deed restrictions for both sites to prevent any future
residential use; and

° Cap or remove any areas containing high levels of lead wastes
(waste disposal site, burn areas, etc.) to reduce potential for
exposure to lead on the Baier site.
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ATTACHMENT 1
ALGORITHMS FOR ESTIMATION OF DAILY CHEMICAL INTAKES
AND
TABLES OF EXPOSURE PARAMETERS, INTAKE FACTORS



1.0 INGESTION OF SOIL

OEX = [R x C({x) x F

BW x AP
where:

OEX = Estimated oral exposure (mg/kg/day)

IR = Soil ingestion rate (mg/day)

C(x) = Exposure point concentration in soil (as mass fraction;
unitless)

F = Frequency of exposure (number/average period)

BW = Body weight (kg)

AP = Averaging period (days): 1.10 x 10“ days (chronic
exposures), 4.38 x 10° days (chronic exposures for
child), 2.74 x 10° days (lifetime exposure)
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2.0 DERMAL EXPOSURE TO SOIL

DEX = AV x C(x) x F x AD x Af

BW x AP
where:

DEX = Estimated dermal exposure (mg/kg/day)

AV = Available skin surface (sz)

C(x) = Exposure point concentration in soil (as mass fraction,
unitless)

F = Frequency of exposure (number/averaging period)

AD = Adherence factor (mg/cmz)

BW = Body weight (kg)

AP = Averaging period {days); 1.10 x 10¢ {chronic
exposures), 4.38 x 10° days (chronic exposures for
child), 2.74 x 10° days (lifetime exposure)

AF = Absorption factor; absorption through skin is assumed
to be 0.1 percent of the applied dose
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TABLE -1

EXPOSURE PARAMETERS FOR ESTIMATION
OF CONTAMINANT INTAKE BY INGESTION OF SOIL

Parameter .. _Exposure Sceparios
Hunter

Hunter {Juvenile) Farmer
Ingestion Rate (IR) 10 mg/event 10 mg/event 60 mg/event
frequency/Year (F) 5 days 60 days 36 days
Body Weight (BW) 70 kg 60 kg 70 kg
Days/lifetime 2.74 x 10° 2.74 x 10° 2.74 x 10°
Days/Exposure Period 1.10 x 10° 1.10 x 10° 1.10 x 10*
Intake Factor (Exposure Period)’ 1.95 x 10°° 2.73 x 10® 8.42 x 108
Intake Factor (Lifetime)' 7.79 x 10°"° 1.09 x 10 3.37 x 10°8

Notes ! Intake factors have units of kg/kg/day.
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TABLE I-1
(Continued)
EXPOSURE PARAMETERS FOR ESTIMATION
OF CONTAMINANT INTAKE BY INGESTION OF SOIL

Exposure Scenarios

Parameter

Hiker Hiker Hiker
(Adult) (Child) (Year-Round)
Ingestion Rate (IR) 60 mg/event 100 mg/event 10 mg/event
Frequency/Year (f) 8 days 8 days 36 days
Body Weight (BW) 70 kg 43 kg 70 kg
Days/Lifetime 2.74 x 10° 2.74 x 10° 2.74 x 10°
Days/Exposure Period 1.10 x 10° 1.10 x 10° 1.10 x 10°
Intake Factor (Exposure Period) 1.87 x 1078 5.07 x 10°® 1.40 x 10®
Intake Factor (Lifetime) 7.48 x 10°° 8.12 x 10”° 5.61 x 107°

January 16, 1991

WCC Project 89(C7583-1
Page 2 of 2

£.1. du Pont de Nemours & Co.




TABLE -2

EXPOSURE PARAMETERS FOR ESTIMATION
OF CONTAMINANT INTAKE BY DERMAL CONTACT WITH SOIL

Parameter o Exposure Scenarios
Hunter
Hunter (Juvenile) Farmer
Available Surface 8.4 x 10°m’ 8.4 x 10%m® 8.4 x 10%m’
Frequency/Year (F) 5 days 60 days 36 days
Adherence Factor (AD) 1.45 mg/cm2 1.45 mg/cm2 1.45 mg/cm2
Body Weight (BW) 70 kg 60 kg 70 kg
Days/Lifetime 2.74 x 10° 2.74 x 10° 2.74 x 10°
Days/Exposure Period 1.10 x 10° 1.10 x 10° 1.10 x 10°
Intake Factor (Exposure Period)’ 2.37 x 107" 3.32 x 1077 1.71 x 107°
Intake Factor (Lifetime)' 9.48 x 107" 1.33 x 1077 6.83 x 10°'°
Notes ! Intake factors have units of kg/kg/day.
WCC Project 89(7583-1 January 16, 1991
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TABLE I-2
(Continued)
EXPOSURE PARAMETERS FOR ESTIMATION
OF CONTAMINANT INTAKE BY DERMAL CONTACT WITH SOIL

Parameter o . Exposure Scenarios

Hiker Hiker Hiker

(Adult) (Child) (Year-Round)
Available Surface 8.4 x 10%m’ 8.4 x 10%m® 8.4 x 10%cm’
Frequency/Year (F) 8 days 8 days 36 days
Adherence Factor (AD) 1.45 mg/cm2 1.45 mg/cm2 1.45 mg/cm2
Body Weight (BW) 70 kg 43 kg 70 kg
Days/Lifetime 2.74 x 10° 2.74 x 10° 2.74 x 10°
Days/Exposure Period 1.10 x 10° 1.10 x 10° 1.10 x 10°
Intake Factor (Exposure Period)1 3.80 x 107" 6.21 x 107" 1.71 x 107
Intake Factor (Lifetime)’ 1.52 x 10°"° 9.92 x 107" 6.83 x 10"
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ATTACHMENT 11
TOXICITY PROFILES FOR METALS OF CONCERN
AT THE
BAIER AND MC CARL SITES

FORT MADISON, I0WA



ARSENIC

Arsenic is a ubiquitous metal found throughout the environment. There are
a number of medicinal, agricultural, and industrial uses for arsenic
compounds. However, arsenic is neither a product nor a by-product of paint
formulation, and thus would not be expected in high concentrations in
association with any paint sludge materials.

Acute effects of arsenic exposure have been reported for both oral and
respiratory routes of exposure. Irritant and vesicant arsenicals such as
arsenic trioxide and arsenic trichloride can cause severe damage to the
respiratory system, as well as cough, dyspnea, and chest pains (Ishinishi
et al., 1986). Numerous acute incidences of poisoning (accidental and
suicidal) via arsenic ingestion have been reported. One very large
incident involved 12,131 Japanese infants who were exposed to infant
formula tainted with pentavalent inorganic arsenic (1.3 to 3.6 mg/day).
Among the exposed population, 130 infants (approximately 1 percent) died of
acute poisoning, and the majority of the survivors exhibited one or more
symptoms, including fever, insomnia, anorexia, liver swelling, melanosis
and disturbed heart function (World Health Organization, 1981). Accidental
ingestion has also been reported in adults exposed for 2 to 3 weeks to
tainted soy sauce. Symptoms included facial edema. anorexia, skin lesions,
and liver swelling (Mizuta et al., 1956).

Individuals recovering from poisoning with inorganic arsenic exhibit
disturbances of the peripheral nervous system with some wallerian
degeneration of the axons (World Health Organization, 1981). The toxicity
of arsenic compounds is generally related to solubility. The relatively
soluble arsenic trioxide has a reported fatal dose of 70 to 180 mg (Vallee
et al., 1960). Arsine gas (hydrogen arsenide) is a powerful hemolytic
poison, and its toxic effects are quite different than other arsenicals.
Arsine poisoning is characterized by nausea, abdominal colic, vomiting,
backache, and shortness of breath, followed by dark blood urine and
Jaundice (Kipling and fothergill, 1964). Arsine fatalities are usually due
to renal failure cause by hemoglobin casts in the renal tubules (Fowler and
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Weissberg, 1974). The lethal dose for arsine is reported to be 250 mg/m3
over several hours (Henderson and Haggard, 1943).

Chronic exposure to arsenic has been reported in a number of
epidemiological studies based on inhalation (i.e., industrial) exposure and
ground water ingestion. Kurtasone (1972) reported that populations
neighboring on an arsenic trioxide refinery exhibited skin lesions and
peripheral neuropathy, with some increases in chronic respiratory disease,
although a causal relationship with arsenic was never established. Several
studies have described the effects of ingesting water from regions with
high naturally occurring (background) levels of arsenic. Hyperkeratotic
skin lesions were seen in populations in Chile (Borgano et al., 1977) and
Taiwan (Tseng, 1977). In addition, a condition known as blackfoot disease,
characterized by gangrene of the lower extremities, has been reported in
the Taiwanese population. Skin lesions, which occur primarily on the palm
of the hand and the sole of the foot, have been reported to occur from
occupational exposure (Hamada and Horiguchi, 1976) and from therapeutic
administration of Fowler’s solution (Fierz, 1965), as well as from drinking
water. Other chronic effects include melanosis on the eyelids, around the
temples, nipples, and folds of the axillae and the formulation of Mee’s
Lines {white striae of the fingernails). Arsenic tends to accumulate in
the skin, probably because of high concentrations of proteins containing
sulfhydryl groups to which arsenic binds. Arsenic dust has been reported
to cause perforation of the nasal septum (e.g. the cartilaginous portion)
(Ishinishi et al., 1986), and an association of aplastic anemia has been
reported among users of arsenical drugs (Westhoff et al., 1975).

The USEPA has classified arsenic as a Class A potential carcinogen., based
on human studies. Skin cancer, in the form of epithelioma, has been seen
at the sites of arsenic-induced keratoses (Borgone et al., 1977:; Tseng

et al., 1977). An increased incidence of lung cancer has been reported
among shelter workers (Ishinishi et al., 1986), although it should be noted
that these workers were also exposed to sulfur dioxide and other metals.

No relationship of arsenic exposure to any other form of cancer has been
established (IARC, 1980). Chromosomal abnormalities have been observed
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among lymphocytes of workers and patients exposed to arsenic (Beckman

et al., 1977; Petres et al., 1977). In vitro studies have shown that
trivalent arsenic compounds can induce sister chromatic exchanges (SCEs),
but pentavalent forms do not. The relevance of SCE studies is
questionable, since lymphocytes from chronically exposed individuals
suffering from blackfoot disease showed no differences in SCE patterns from
control populations (Wen et al., 1981). Mutagenicity tests for both
trivalent and pentavalent arsenic compounds were negative in Salmonella, F.

Col: and Chinese hamster V9 assays, but positive in Bacillus subtiles
(Ishinishi et al., 1986).

Arsenic-induced terata have been produced in hamsters exposed to high doses
of sodium arsenate (6 to 10 mg/kg) on day 8 of pregnancy. Defects included
anencephaly, renal agenesis and rib malformations. An increase in fetal
resorption was also noted (Ferm, 1977). An epidemiological study among
female workers at a copper smelter showed a birth defect rate 5 times that
of the control population, but no conclusion about the role of arsenic .
could be drawn because of the simultaneous exposure be other metals and
sulfur dioxide (Nordstrom et al., 1979). It should be noted that co-
administration of sodium selenite has been reported to prevent arsenic-
induced teratogenesis in animals (Holmberg and ferm, 1969).

Arsenic nhas been used extensively in medicine (Fowler’s Solution} for the
treatment of leukemia, psoriasis, asthma, and as a tonic, and has also been
used in the formulation of anti-parasitic drugs. Medicinal dosages were
frequently as high as 3 mg/day. In recent years, with the development of
less toxic drugs, the medicinal use of arsenic has declined (Ishinishi

et al., 1986).

BARIUM

Barium is a relatively non-toxic metal with numerous industrial
agricultural, and medicinal uses. Barium sulfate, when combined with zinc
sulfidel, is frequently used as a paint pigment known as lithophone.
Barium sulfate is a chemically stable, highly insoluble compound with
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little potential for migration. It is likely that any barium sulfate
present in paint sludge materials will remain in this chemical form. It
should be noted that barium sulfate is also used medicinally as an x-ray
contrast material in the lower gastrointestinal tract.

Barium toxicity is related to its solubility. Soluble barium salts such as
barium chloride can be absorbed in the gut and are toxicants, while the
more common insoluble forms such as barium sulfate are very poorly absorbed
and are essentially non-toxic. Cuddihy and Ozog (1973) have reported that
11 to 32 percent of the highly soluble barium chloride is absorbed in the
GI tract of hamsters. Absorption in the GI tract can be minimized by the
prompt administration of soluble sulfate (e.g. Glauber’s salt), which
causes precipitation of barium sulfate. Absorbed barium partitions to the
bone surface, pigmented parts of the eye, and the submaxillary gland.
Accumulation usually occurs in proportion to the calcium content of the
tissue. The majority of absorbed barium (75 percent) is excreted within

3 days (Reeves, 1986).

Most reported cases of acute barium toxicity have involved suicide attempts
or accidental poisonings with medicinals containing barium. one
epidemiological study was performed in Szechuan, China where a }ondition
resembling familiar periodic paralysis was thought to be due to food
poisaning caused by high barium content in the slat from the region (Allen,
1943). Poisonings in occupational settings are essentially unknown,
despite the widespread use of barium compounds. Acute toxicity is related
to the acticn of barium as a muscle poison, causing muscle stimulation
followed by paralysis. Symptoms of poisoning include gastroenteritis,
decreased pulse rate, ventricular fibrillation, extra systoles, salivation,
and diarrhea. Lethal doses are also associated with the loss of tendon
reflexes, heart fibrillation, and general and respiratory muscle paralysis
leading to death (Reeves, 1986). Animal studies have demonstrated highly
variable LDy, values for different species, ranging from 7 to 29 mg/kg in
mice to 800 to 1,200 mg/kg in horses. It is believed that these variations
may be related to differences in the degree of sulfate precipitation in the
gut between different species. The threshold dose for toxicity in humans
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is 0.2 to 0.5 grams (absorbed dose) and the lethal dose is 3 to 4 grams.
It is believed that barium toxicity is due to a potassium deficiency.
Nielsen (1981) reports that barium acts by blocking the potassium channel
of the sodium-potassium pump in cells. Potassium infusion relieves the
symptoms of poisoning.

Few cases of chronic barium intoxication have been reported. Chronic
inhalation of insoluble forms (barium sulfate and barium carbonate) may
induce a benign pneumoconiosis (baritosis). This ailment is not
incapacitating and is usually reversible on termination of exposure
(Klaassen et al., 1986). Studies on chronic inhalation of barium sulfate
in rats indicates that baritosis is not associated with fibrosis, and
appears to be due to the accumulation of alveolar macrophages and
reversible hyperplasia of the bronchial epithelium (Holusa et al., 1973).

Barium has not been linked to carcinogenesis, mutagenesis, teratogenesis,

or any reproductive effects. Medicinally, barium sulfate is commonly used
as an x-ray contrast material in the low GI tract because of its very low

toxicity (Reeves, 1986).

CADMIUM

Cadmium is a metal commonly used in the production of yellow. orange, and
red paint pigments. Representative pigments include cadmium selenite,.
cadmiumsulfoselenide, and cadmium sulfide. As is the case with other paint
pigments, these are highly stable, insoluble compounds with Timited
bioavailability. Soil samples from the Baier and McCarl sites demonstrate
that cadmium and selenium are co-distributed, suggesting that much of the

pigment is in its original form.

Cadmium is a relatively toxic metal. Acute inhalation of cadmium fumes
(e.g. welding) causes a chemical pneumonitis with occasional associated
pulmonary edema. Symptoms may require 24 hours to appear. Inhalation of
concentrations of 5 mg/m3 for over 8 hours has been reported to be fatal,
and sensitive individuals may show some symptoms at concentrations of
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1 mg/m3 for 8 hours. Symptoms include shortness of breath, general
weakness, fever, and in severe cases respiratory insufficiency followed by
shock and death (Elinder, 1985). Ingestion of toxic amounts of cadmium can
produce nausea, vomiting, abdominal cramps, and headache, with diarrhea and
shock in severe cases. Onset of symptoms usually occur within minutes of
ingestion. Concentrations as low as 15 mg/1 are sufficient to induce
vomiting, while higher concentrations are required in protein-containing
foods to produce the same symptoms (Friberg et al., 1986). Injection of
soluble cadmium salts (1 to 3 mg/kg) in animals demonstrates that cadmium
can cause testicular damage (Barlow and Sullivan, 1982). However,
testicular damage is not seen in human populations, probably because of the
protective effects of metallothionein (Nordberg, 1972).

Toxicity related to chronic ingestion of cadmium is very rare. Ingestion
of food and water from cadmium-contaminated regions of Japan has been shown
to produce a disease known as itai-itai. This disease is characterized by
severe renal tubular damage, osteomalacia and osteoporosis, and leg and
back pain (Kjellstrom, 1981). It appears that deficiencies in calcium and
vitamin D in the diet of affected populations contributes to the disease
(Friberg et al., 1986). .

Most cases of chronic exposure to cadmium occur among industrial workers
exposed via inhalation. Concentrations of cadmium in the workplace can be
as high as 4 to § mg/m3, although typically less than 2 mg/ms. Respiratory
absorption of cadmium is approximately 15 to 30 percent (Klaassen et al.,
1986). Chronic inhalation produces a number of effects. The kidney is
probably the primary target organ in man. Kidney damage is characterized
by renal tubule damage and associated tubular proteinuria (e.g. excretion
of low molecular weight proteins). In cases of severe exposure, glomerular
damage may occur. Physiological disturbance in the handling of calcium and
phosphorus may cause mineral resorption from the bone, leading to
osteomalacia and kidney stone formation. Tubular damage persists and may
even increase after exposure had stopped, and is probably related to
cadmium bound to metallothionein in the tubular cells (Elinder, 1985).
Chronic cadmium exposure may also produce lung damage that leads to
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emphysema. Reversible anemia has also been reported, and is probably due
to hemolysis (Bernard et al., 1979). Animal studies have indicated that
hypertension may occur in some species, although epidemiology studies
suggest that this effect does not occur in humans (Elinder, 1985). Liver
is the major cadmium storage organ, and some animal studies have shown
liver damage. Only slight changes in liver function have been reported in
man, however (Friberg, 1986). Chronic inhalation exposure has also been
shown to cause increases in excretion of calcium and phosphorus in animals
which may lead to bone effects similar to itai-itai. Although
epidemiological studies indicate that osteomalacia may occur among workers
{wWicaud et al., 1942), in general bone effects are usually not seen among
workers with high occupational exposure (Friberg, 1986).

Epidemiological studies by Elinder (1985) suggest a possible link of
cadmium to prostate and lung cancer. Studies by Takenaka et al., (1983)
have demonstrated increased lung cancer in rats exposed for 18 months to
cadmium chloride aerosols (12.5 to 50 mg/m3). Cadmium has been classified
by the USEPA as a class B2 potential human carcinogen, based on animal
studies.

Teratogenesis has been in&uced in rats and hamsters injected with high
doses of cadmium (3 mg/kg or more). Defects included cleft lips. palates,
and limb defects (Friberg et al., 1975). Ferm and Hanlon (1983)
demonstrated that maternal prgtreatment with cadmium minimized the
incidence of terata. Epidemiological studies among industrially exposed
women do not show increases in terata (Cvetkova, 1970). It should be noted
that the enzyme metallothionein offers a protective effect against cadmium
toxicity in most organs (with the exception of the kidney) by binding free
cadmium. Pretreatment with cadmium, zinc, or mercury induces
metailothionein synthesis, which in turn can bind greater concentrations of
cadmium. It has been suggested that cadmium toxicity in the kidney may be
related to cadmium saturation of metallothionein (Friberg et al., 1986).
There is also some information that co-administration of selenium with
cadmium minimizes toxicity. This is particularly relevant, given that
cadmium and selenium are co-contaminants at the Fort Madison sites.
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CHROMIUM

Chromium is a relatively common metal, and exists in a number of oxidation
states ranging from cré to Cré, although only the trivalent and hexavalent
forms have any biological relevance. A number of chromium compounds are
commonly used as paint pigments, including lead chromate, zinc chromates,
and chrome oxides. The primary chromium paint pigment disposed at the Fort
Madison sites was lead chromate. As with other paint pigments, this is a
highly stable, insoluble compound with little potential for migration or
absorption.

Hexavalent chromium is the most toxic form of chromium and is absorbed more
readily than the trivalent form. Absorption can occur through the lungs or
the gastrointestinal tract. Ingestion studies suggest that 3 to 6 percent
of chromates are absorbed through the GI tract of rats (Mertz et al.,
1965). Upon absorption, hexavalent chromium is rapidly converted to the
trivalent form which binds to intracellular macromolecules. Many of the
toxic effects of chromium have been related to these macromolecular
complexes. Animal studies show the chromium is retained in the lung, hair,
reticuloendothelial system, liver, spleen, and bone marrow (Wisek et al.,
1953) as we11~as the testis and epididymis (Hopkins, 1965). Tossavainen
(1980) estimated that the elimination half-live for chromium in welders
ranged from 15 to 41 hours. Excretion is primarily through the urine.

Acute effects of chromium exposure have been noted for dermal, respiratory,
and oral routes of exposure. Direct contact of broken skin with hexavalent
chromium compounds may cause deep ulcerations of the skin which are slow to
heal. Ingestion may produce local ulceration of the stomach and intestinal
mucosa, and ingestion of very high doses {5 gm) has been reported to cause
GI bleeding, fluid loss, and death via cardiovascular shock (Langard and
Norseth, 1986). Intravascular injection of sodium chromate (0.5 to 30
mg/kg) has been shown to cause proximal tubule kidney damage in rats
(Tandon, 1982). Similar damage is seen in kidneys of humans ingesting
toxic levels (1 to 5 gm) of chromate (Langard and Norseth, 1986). along
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with some hepatic necrosis. Acute inhalation of chromate dust for 4 to 8
hours has been reported to induce bronchial asthma (Langard, 1980).

Chronic ingestion of hexavalent chromium (potassium dichromate, 1.3 mg/kg
per day for 6 weeks) has been shown to produce hepato toxicity in rabbits,
characterized by thickening of the liver capsule, congestion of the control
vein and parenchymal necrosis (Tandon et al., 1978).

Two types of dermatitis may occur in response to Cr (VI) exposure. Acute
irritative dermatitis is characterized as a contact irritation which
becomes less severe with repeated contact. Allergic eczematous dermatitis
is an unrelated condition which becomes more severe with repeated contact
due to skin sensitization (Langard and Norseth, 1986).

Chronic inhalation primarily affects the nasal mucosa and the lungs.
Atmospheric concentrations of 100 mg/m3 or greater may cause ulceration and,
perforation of the nasal septum due to cartilage necrosis (Bloomfield and
Blum, 1928). Some studies suggest that chronic chromate inhalation may
cause a form of pneumoconiosis, although this is not usually seen (lLangard,
1980) .

The USEPA classifies chromium as a Class A potential human carcinogen,
based on human studies. Numerous epidemiological studies of chromate-
exposed workers have shown correlations between chromium exposure and
respiratory cancers, although no direct cause and effect has been
established {Langard, 1983). Because of the co-occurrence of Cr (IIl) and
CRr (VI), as well as other contaminants, it is unknown which form of
chromium (if either) is responsible for the observed cancers. Animal
studies have proven inconclusive for supporting the role of chromium as a
carcinogen. Only one study in mice (Nettesheim et al., 1971) has
demonstrated cancer via inhalation of chromate (13 mg/m’). In vitro
mutagenicity studies have shown that chromium can cause DNA damage, sister
chromatic exchange, and can induce DNA repair. Chromosomal aberrations
have been noted in the lymphocytes of chronically exposed workers (Bigaliev
et al., 1979).
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There is some evidence that maternal chromium can be transported across the
placenta. Chromate injection (8 mg/kg) during the period of organogenesis
has produced cleft palate in hamsters (Gale and Bunch, 1983). Increased
incidences of normally occurring terata have also been seen in chicks
exposed to chromate (0.002 to 0.05 mg/egg). These effects include reduced
body weight, microphthalmia, short and twisted 1imbs, ectopic heart and
everted viscera (Gilani and Marano, 1979).

Chromium is a cofactor for insulin action. facilitating the attachment of
insulin to insulin receptors. [t is necessary for glucose tolerance, and
thus has been classified as an essential element. The quantities required
for purposes of human health are quite low, and no dietary requirements
have been established. Evidence for chromium deficiency in man is sparse
(Langard and Norseth, 1986).

COPPER

Copper is an essential metal with a wide variety of industrial uses,
including paint pigments. Cuprous oxide is the most frequently used copper
pigment. The primary use of cuprous oxide is as a toxic paint pigment on
the bottom of ships to prevent growth of algae. As with other pigments,
cuprous oxide is highly insoluble and unlikely to migrate from a disposal
site.

Acute effects of ingestion of copper are well described., and consist of
vomiting, epigastric burns and diarrhea. Ooses as low as 10 to 15 mg of
copper sulfate may cause gastrointestinal problems among sensitive
individuals, although typical medicinal doses (as an emetic) range from 25
to 75 mg. The acute toxicity of copper is generally limited by its prompt
emetic effect, although ingestion of very high doses during suicide
attempts has caused kidney damage, with associated hematuria, proteinuria,
oliguria and uremia, as well as liver damage (Wahal et al., 1978). Contact
dermatitis has been rarely reported, although it is not generally seen in
high exposure industrial settings (NAS, 1977). Some allergic responses
have also been associated with dermal contact or with the use of copper
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intrauterine devices (Barkoff, 1976). Acute inhalation of copper dust or
fumes is associated with upper respiratory irritation and metal fume fever.
This ailment can be induced by copper dust concentrations as low as 0.1
mg/ms, and is similar to influenza in its symptoms, disappearing after 24
hours (Gleason, 1968).

Chronic inhalation in mice exposed to copper sulfate (5 percent aqueous
solution, not adjusted for pH) for 4 months has been reported to produce
some changes in the lung, primarily the influx of macrophages into the
alveoli (Eckert and Jerochin, 1982). Some evidence for respiratory effects
to copper sulfate has also been seen in vineyard workers exposed to
fungicide known as Bordeaux mixture. The histology of the lung injury is
similar to that seen in silicosis. The role of copper in the etiology of
this injury is unclear because of the other components (particularly
calcium) in the fungicide (Villar, 1974). Epidemiological studies of
workers chronically exposed to copper dust in industrial settings show no .
signs of respiratory damage. Chronic ingestion has been reported for pigs
accidentally exposed to approximately 700 mg/kg of copper in their feed for
a period of several months. The animals were reported to develop an iron-
deficiency type of anemia, gastric ulcers, hepatic centrilobular necrosis,
and increased copper content in the liver (100 to 170 mg/kg wet weight)
(Hatch et al., 1979).

Copper exposure has not been positively correlated to increased incidence
of cancer. In vitro studies have shown that copper may cause an increase
in the number of non-complementary nucleotides incorporated into the DNA
(Sirover and Loeb, 1976), although the significance of this finding is
unclear. An epidemioclogical study by Kurtasune et al., (1974) demonstrated
incidence of lung cancer among copper-refinery workers, but the effect
could have been attributed to arsenic present in the fumes.

There is little evidence to indicate copper is either a teratogen or a
reproductive toxicant. 0’Shea and Kaufman (1979) have reported that
intramuscular injection of 4 mg/kg in early pregnancy may affect the fetal
central nervous system. Batterby et al., (1982) have reported that
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incubation of sperm in the presence of metallic copper causes reduced sperm
mobility.

As mentioned earlier, copper is an essential metal. It is required as a
cofactor by a number of enzymes, including ferroxidases, cytochrome
oxidase, superoxide dismutase and amine oxidases. Copper is essential for
the biological utilization of iron, and may also be an anti-carcinogen
because of its role in superoxide dismutase. Daily copper requirements
have been recommended at 30 mg/kg in adults and 80 mg/kg in infants
(Klevay, 1982). Medicinally, copper has been used as an emetic for
intoxication in children.

LEAD

Lead is a metal with numerous industrial applications. Use of lead in
paint pigments was widespread in the past, but has been curtailed in recent .
years. Typical lead-based paint pigments include lead chromate, dibasic
lead phosphite, and various lead oxides. The lead pigments reported to be
in use during the period of paint sludge disposal at the Fort Madison sites
include lead chromate and lead oxides. As is the case with most paint
pigments, these are highly stable, insoluble compounds with little
potential for migration. [t is probable that most of the lead on-site as a
result of paint waste disposal has remained in its original pigment form.

Lead toxicity is related to absorption, which is age-dependent. Gastro-
intestinal absorption has been reported to be 5 to 15 percent in adults,
with Tess than 5 percent being retained, and approximately 42 percent in
children, with approximately 32 percent being retained. Respiratory
absorption is even greater, with approximately 90 percent of respirablie
particles (0.5 um or smaller) being absorbed. Lead is not an essential
element, and the primary target organ system in lead exposure is the
nervous system. Absorbed lead tends to distribute in two pools in the
body, the skeleton and soft tissue. Lead in the skeleton is released very
slowly, with a biologic half-life of approximately five years. Lead in the
soft tissue has a much shorter half-life, approximately 3 to 4 weeks.
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(Schulz et al., 1981). The extent of lead absorption in the GI tract has
been linked to a number of dietary factors. Absorption is enhanced by milk
products, low calcium and vitamin D levels, fasting, or iron deficiencies.
Generally, 90 percent of ingested lead is excreted in the feces, while most
of the absorbed lead is excreted in the urine (Tsuchiya, 1986). The major
targets for lead toxicity are the central nervous system, hematopoietic
system, GI tract, and renal system.

Gastrointestinal colic is the most common effect of acute lead ingestion.
The initial stages of lead intoxication include anorexia, dyspepsia, and
constipation, followed by colic characterized by a diffuse paroxysmal
abdominal pain. The skin is pale and blood pressure may increase,
reflecting sporadic contraction of the smooth muscile.

Lead encephalopathy has also been reported. Although it is rare in adults,
numerous cases have been reported in children exhibiting pica. The
encephalopathy may be characterized by a sudden onset with seizures and
delirium, with commonly associated papilledema. In severe cases, coma and
cardiorespiratory arrest may occur. In some cases, the encephalopathy
syndrome in children is characterized by vomiting, apathy, drowsinessl
stupor, ataxia, hyperactivity, and other neurological symptoms. Blood lead
levels typically associated with lead encephalopathy range from 80 to

300 ug/100 ml (Tsuchiya, 1986). Most studies report lead intoxication as a
function of blood lead levels rather than lead intake.

Anemia is a commcn symptom among workers chronically exposed to lead. The
anemia is probably due to both an inhibition of hemoglobin synthesis and a
shortened lifespan of the erythrocytes. The decreased hemoglobin synthesis
is apparently due to inhibition of several key enzymes (Wada et al., 1972).
Chronic exposure also affects the central and peripheral nervous systems,
particularly in children. Effects include mental deterioration,
hyperkinetic or aggressive behavior, sleeping difficulties, and vomiting.
Subclinical effects have also been noted in children with moderately
elevated blood lead levels (40 to 80 ug/100 m1). Recent work by Bellinger
et al., (1987) suggests that fetal blood levels as low as 10 ug/100 ml
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(compared to background levels of 6 to 7 ug/100 ml) may cause significant
deficiencies in learning ability during the first two years of life.

Neural effects have also been reported in chronically exposed workers, and
include impairment of memory, attention, concentration, and psychrometer
performance (Arnvig et al., 1980). Peripheral neuropathy is characterized
clinically by wrist and foot drop, and subclinically by reduced peripheral
nerve conduction. Chronic GI effects may include loss of appetite, upset
stomach, diarrhea, or constipation. Degenerative changes have been noted
in the proximal tubular 1ining cells of the kidney, and are associated with
swelling of the mitochondria. Long-term exposure produces a characteristic
type of nuclear inclusion body in the tubular cells of the kidney. These
bodies are composed of a lead-protein complex, and apparently function as a
protective mechanism for other organelles. Long-term exposure is also
associated with intense, interstitial fibrosis, tubular atrophy and
dilation. There is glomerular involvement at the late stages of chronic
exposure (Emmerson, 1968). There is little evidence for either hepatic or .
cardioviscular effects of chronic lead exposure.

The U.S. Environmental Protection Agency (USEPA) classifies lead as a B2
potential human carcinogen based on animal studies. Lead~has been shown to
induce cancer in the kidneys of rodents under conditions of high exposure
(Moore and Meredith, 1979). There is no evidence of renal carcinogenicity
in man, nor does lead appear to produce chromosomal anomalies in humans.

Animal studies suggest that lead may be a teratogen. Ferm and Carpenter
{1967} chowed that lead salts can cause skeletal anomalies in hamsters, and
may also influence litter size, weight., survival rate, and behavior. Lead
and cadmium produce a synergistic teratogenic effect (Ferm, 1969), while
zinc is an antagonist to lead (Willoughby et al.. 1972).

MANGANESE

Manganese is an essential element, and is present as a co-factor in a
number of enzymes. It is widely distributed in the environment and is
found in all living organisms. Commercially, manganese has numerous
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industrial applications, although it is not used in any major paint
pigments. There is no reported use of manganese in paint formulation
during the period of paint sludge disposal at the Fort Madison sites.

Daily intake of manganese ranged from 2 to 9 mg, with less than 5 percent
absorbed in the GI tract. The biological half-life in man is approximately
37 days, although it varies with different parts of the body. The primary
rule of excretion of manganese is in the feces. manganese tends to
concentrate in the mitochondria, and this is found in higher concentrations
in organs with high mitochondrial content (e.g. pancreas, liver, kidney,
intestine) (Klaassen et al., 1986).

Manganese is a relatively non-toxic metal. Sigan and Vitvickaja (1971
report that the oral LD°° values for soluble manganese compounds in rodents
{guinea pigs, mice and rates) ranged from 400 to 830 mg/kg. Acute
manganese poisoning in man is very rare, with most cases occurring after
prolonged inhalation of large amounts of manganese oxides. the primary
acute effects of manganese inhalation are restricted to the lungs. Lloyd
Davies and Harding (1949) showed that intratracheal injection of 10 mg of
manganese dioxide in rates produced rapid epjthe]ia changes, followed by a
granulomatous reaction after 14 days. Zaidi et al., (1973) reported that a
single instillation of 50 mg of manganese dioxide in guinea pigs caused an
increase in alveolar macrophages after 7 days, leading to fibrosis after
180 days of exposure. There is some evidence that inhalation of manganese
may temporarily increase susceptibility to bacterial respiratory
infections due to immunosuppressive activity (Adkins et al.. 1980;
Lawrence, 1981).

Chronic exposure to manganese has been reported for both the oral and
respiratory exposure routes. One case of chronic oral exposure to
manganese was reported in Japan, where well water was contaminated by
manganese from batteries (Kawamura, 1941). Exposure was thought to be 20
to 30 mg/liter, and the clinical manifestations in affected individuals
included lethargy, increased muscle tonus and tremor. Some mental
disturbances were also noted. Laboratory studies have demonstrated that
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dietary levels of 200 to 20,000 ppm can cause decreased weight gain in
rats, and 200,000 ppm causes weight loss (Exon and Koller, 1975).
Concentrations of 20,000 ppm in water was not shown to have any effect on
brain enzyme activity in rates (Lai et al., 1981). Increased morbidity and
mortality from pneumonia has been reported for workers exposed to manganese
dust. Fibrosis was not seen in individuals after recovery (Saric, 1986).
Most studies investigating chronic exposure to manganese dust have not
estimated exposure concentrations. Rodier (1955) reported that
concentrations in mines can be very high (800 mg/ms), while Saric et al.,
(1974) have shown increases in the incidence of pneumonia and bronchitis
among workers exposed to 0.39 to 16.35 mg/m3. Chronic manganese exposure
is also reported to influence the central nervous system. Depletion of
dopamine from the basal ganglia has been reported, and is thought to be
related to changes in the activity of the enzyme tyrosine hydroxylase
(Chandra and Shukla, 1981). Chronic human exposure has also been linked to
manganism, which is clinically similar to Parkinson’s disease. The
clinical manifestations of the disease are related to the extrapyramidal
system, and are characterized by an initial asthenia and apathy, followed
by a staggering gait, incoherent and slow speech, and aggressiveness.

After continued exposure, muteness, clumsiness, difficulty in walking,
muscular hypertonia, and tremor occur. This type of chronic poisoning is
thought to be irreversible (Saric, 1986).

At the present time there is no evidence to suggest that manganese is
either a carcinogen or a mutagen. One study by Watanabe et al., (1981)
showed a cluster of prostate cancers in a region of manganese mining
activities, but no cause and effect relationship was established.

Manganese is not a known teratogen, although manganese deficiencies may
cause skeletal abnormalities (Underwood, 1977). Manganese is an essential
element, being a co-factor in a number of enzymes, including
glycosyltransferase. The skeletal defects seen as a result of manganese
deficiency are thought to be due to deficiencies in glycosyl transferase
and its role in glycosaminoglycan metabolism (Leach and Lilburn, 1978).
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Manganese is also a cofactor in enzymes related to phosphorylation,
cholesterol, and fatty acid synthesis.

SELENIUM

Selenium is an essential element which may be toxic at relatively high
doses, dependent on the chemical form. There are a number of industrial
applications for selenium, and it is also used in medicine and topically as
an ingredient in shampoo. Because it is an essential element, selenium is
occasionally added to the food chain in some countries, and it is
frequently administered to cattle to help mediate stress related to
transportation. Cadmium selenide and cadmium sulfoselienide are two
compounds that are frequently used as paint pigments. As is the case for
most paint pigments, these are highly stable. insoluble compounds with
little potential for migration. It is likely that the majority of the
selenium originally associated with paint wastes at the Fort Madison sites
will remain in their original form.

Several studies have reported on acute selenium toxicity in man, but
fatalities are rare. Animal studies suggest that some forms of selenium
may be highly toxic. Injection of selenite has been reported to kill

75 percent of treated rats at doses of 3.25 to 3.5 mg/kg. Selenate
produced a similar results at 5.5 to 5.75 mg/kg, and selenocysteine at

4 mg/kg (Wilber, 1980). It is noted that injection studies may not reflect
oral or respiratory toxicity. Ingestion studies have demonstrated LD,
values for selenium sulfide at 138 mg/kg, elemental selenium at 6700 mg/kg
(Cummins and Kimura, 1971), and dimethy! selenide at 1600 mg/kg (Wilber,
1980). Animals administered lethal doses of selenium are reported to have
"garlic breath" and exhibit central nervous system effects. Central
nervous system (CNS) effects include nervousness and fear, respiratory
impairment, and death usually results after tetanic (and ultimately clonic)
seizures (Moxon and Rhain, 1943). Inhalation of selenium dust (30 mg/m’)
has been reported to cause interstitial pneumonia, with a 10 percent
mortality in rats (Hall et al., 1951). Acute selenium toxicity in humans
has been reported in cases of accidental ingestion. Typical symptoms
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include nausea, vomiting, diarrhea, abdominal pain, chills, and tremor.
Individuals generally recover within several days (Sioris et al., 1989;
Hogberg and Alexander, 1986). One incident has been reported in which a
child died after ingesting an unknown quantity of selenous acid. Acute
inhalation exposure has been reported to cause intense irritation of the
eyes, nose, and throat, as well as headache (Clinton, 1947). An incident
where 37 individuals were exposed to selenium oxide during a fire produced
bronchial spasm, chills, nausea and vomiting, headache, fever, bronchitis,
and in several cases, chemical pneumonia (Wilson, 1962).

Chronic exposure to selenium has been reported to 4ffect the CNS, Tiver,
spleen, pancreas, and blood. Chronic exposure in man is rare, except in
highly seleniferous regions where individuals eat large quantities of
locally produced foods. Doses of dietary selenite ranging from 5 to

8 mg/kg have been reported to cause anemia, splenomegaly, pancreatic
enlargement, and chronic hepatitis in rats (Halverson et al., 1966;

Harr et al., 1967). A condition known as "blind staggers" occurs in
animals ingesting selenium in accumulator plants in regions with high soil
selenium content. The disease is characterized by impaired vision,
decreasgd appetite, and a tendency to walk around in circles. Paralysis
and respiratory failure may occur, leading to death. Blind staggers may be
considered an acute effect that develops 3 to 4 weeks after exposure.
"Alkali disease" is a more chronic condition in livestock, and is
associated with ingestion of feed containing 5 to 25 mg/kg selenium. The
condition is characterized by a VTack of vitality, loss of appetite,.
emaciation, deformation and shedding of hooves, hair loss and joint
erosion, with a potential for liver cirrhosis as well (Moxon and Rhain,
1943). Epidemiologic studies have attempted to determine the effect of
chronic selenium ingestion on human health. Studies in regions of high
background selenium in the United States demonstrate increased incidence in
GI disturbances, skin discoloration and tooth decay (Smith and Westfall,
1937). A study of endemic selenium intoxication in China showed that
affected individuals had loss of hair and nails, skin irritation and
mottled teeth. Central nervous system disorders were seen in one heavily
affected village, where individuals suffered from numbness, convulsions.
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paralysis and motor disturbances, leading to death in one individual.

Daily intake was estimated at 5 mg (Yang et al., 1983). Chronic
occupational exposure to airborne selenium has been associated with
conjunctivitis and allergic reactions in the eyes. Dermal exposure to
selenium dioxide may produce burns, dermatitis, or urticaria (Glover, 1967,
1970).

Selenium has not been shown to be carcinogenic in numerous animal studies
(Hogberg and Alexander, 1986). ¢Epidemiological studies among workers
chronically exposed to selenium showed an increased incidence of cancer
(Glover, 1970). It should be noted that selenium is a co-factor in a
number of enzymes, including glutathione peroxidase. This enzyme is
important in protecting membrane lipids, proteins and nucleic acids from
oxidant damage, and may, thus, act as an anti-carcinogen by preventing
potential DNA damage (Sunde and Hoekstra, 1980).

Moxon and Rhain (1943) demonstrated an increased incidence of terata among
embryos from chickens fed 3.4 ppm selenium. Terata have also been induced
in embryos from mice, rats, pigs, and sheep (Hogberg and Alexander, 1986).
No conclusive evidence has been shown for a role selenium as a human
teratogen.

Selenium plays several roles as an essential element. It is a co-factor in
glutathione peroxidase, which protects cells from oxidative damage. It may
also be important for synthesis of cytechrom P-450, and has some role in
heme metabolism. Recommended daily intake is 50 to 70 mg, a level which is
readily supplied in a normal diet (Hogberg and Alexander, 1986). It is
interesting to note that selenium is an antidote to poisoning by other
metals, including arsenic, cadmium, mercury, copper, and thallium. To some
extent, these other metals also tend to antagonize the toxicity of selenium
(Klaassen et al., 1986; Hogberg and Alexander, 1986).
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ZINC

Zinc is a relatively non-toxic metal that is ubiquitous in the environment.
Zinc oxide and zinc sulfate are two forms which are commonly used as
pigments in the formulation of paints. The predominant form of zinc used
by DuPont during the period of paint sludge disposal was zinc oxide. This
is a highly stable compound with low solubility, a characteristic which
makes it an effective paint pigment and also limits its potential for
migration. Zinc oxide is frequently used in ointments to prevent sunburn
and to treat rashes. Because of the stability of the compound in the
environment, it is likely that any zinc originally associated with paint

sludge disposal will remain as zinc oxide.

Acute toxicity to high levels of zinc is very unusual. Very few cases of
toxicity due to zinc ingestion have been reported. One study on the
accidental ingestion of 12 grams of elemental zinc by a child reported
lethargy, headache, and a transient elevation of serum amylase, but no
effects on hematologic, hepatic, or renal function (Murphy, 1970).
Ingestion of 1 to 2 grams of zinc sulfate has been shown to cause nausea,
vomiting, and diarrhea, but no permanent effects (Brown et al., 1964).
Animal studies indicate that uptake of zinc from the GI tract is highly
variable, ranging from less than 10 percent to more than 90 percent. One
human study demonstrated absorption ranging from 58 percent to 77 percent
for ingestion of low levels of zinc chloride (Lombeck et al., 1975). The
amount of uptake is probably regulated at the intestine via a homeostatic
mechanism related to the total body burden of zinc (Evans et al., 1979).

Chronic ingestion of zinc causes effects in humans and animals that are
thought to be due to secondary copper deficiency. This deficiency is
probably related to competition between copper and zinc for absorption
sites in the gut (Lantzsch and Schenkel, 1978). Anemia has been reported
in humans exposed for up to half a year to medicinal doses (135 mg/day) of
zinc sulfate (Prasad et al., 1978). Animal feeding studies have
demonstrated poor growth, arthritis, lameness, and GI inflammation in pigs
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(Brink et al., 1959) and poor growth and anemia in sheep (Ott et al., 1966)
when the animals were fed very high levels of zinc oxide (1000 mg/kg/day).

Most cases of zinc toxicity have been reported through inhalation. One
incident was reported in which 70 workers were acutely exposed to an
unknown quantity of zinc chloride fumes. Ten individuals died within a few
hours, and 25 survivors displayed signs of severe respiratory inflammation.
Autopsy demonstrated edematous bronchi, and it is believed that the toxic
response was due to the formation of hydrochloric acid in vivo rather than
zinc toxicity (Hunter, 1969). Acute exposure to zinc oxide fumes (greater
than 15 mg/m3) has been reported to cause metal fume fever, although other
metal co-contaminants in the fumes may be responsible for the illness. The
symptoms resemble influenza, and are characterized by headache, fever,
hyperpnea, leukocytosis. sweating, and leg and chest pain. The illness is
never fatal, and complete recovery occurs within 2 days (Jaremin. 1973).
Chronic inhalation of zinc oxide dust does not appear to produce
significant toxicity. Studies with rats exposed to 15 mg/m3 for 8
hours/day for up to 84 days produced only minor microscopic changes with
some signs of chronic inflammation (Pistorius, 1976). Occupational studies
on 234 Finnish workers chronically exposed to zinc oxide dust (2.5 to 4.5
mg/m’) have not demonstrated respiratory effects (Roto 1980).

No human data exists linking zinc exposure to cancer. An epidemiological
study by Logue et al., (1982) found no increases in cancer among zinc-
refiaery workers. Some chromosomal abnormalities have been demonstrated in
workers exposed to zinc in a rolling mill (DeKnudt and Leonard, 1975), but
these workers were also exposed to cadmium and lead. The only animal
studies which show a potential link to cancer involved testicular sarcomas
in chickens and rats which had received repeated intratesticular injections
of zinc chloride. The relevance of this type of exposure is highly
questionable. No other routes of administration were found to produce
cancer (Sunderman, 1977; Pories et al., 1978).

Zinc is an essential element, and is required as a cofactor in over 20
metalloenzymes, including alcohol dehydrogenase, alkaline phosphatase,
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carbonic anhydrase, and leucine aminopeptidase. It is also a component of
DNA polymerase and thus is required for cell division (NRC, 1979). Zinc
deficiencies occur when dietary levels fall below 1 mg/kg in food, and may
occur at levels as high as 12 mg/kg (Williams and Mills, 1970) Recommended
daily zinc requirements are 15 mg for adults and 25 mg for nursing mothers
(Food and Nutrition Board, 1974).

It is noted that terata can be produced by zinc deficiencies (NRC, 1979).
Zinc-induced teratogenesis has not been reported, although Kumar (1976)
reported that dietary levels of 150 mg/kg interfered with implantation in
the rat.
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0.0 EXECUTIVE SUMMARY

The objective of the ecological assessment for the Du Pont Baier and McCarl
sites was to evaluate qualitatively the potential impacts that paint sludge
and associated wastes may have on wildlife and vegetation at the sites.

The approach used in this ecological assessment is that recommended by the

guidance provided by the U.S. Environmental Protection Agency

(USEPA, 1989).

Many of the initial steps used to evaluate the human risks were applicable
to the ecological assessment. For example: identifying contaminants of
concern and evaluating the release, migration, and fate of chemicals in the
environment. After these initial steps have taken place, the next steps in
an ecological assessment are to identify wildlife populations and habitats
that may be potentially impacted, evaluate the chemical concentrations at
these locations and characterize the potential for adverse impacts. Both
fiora and fauna are considered as potential receptors.

The selection of chemicals of concern is the first step in an ecological
assessment. The objective of selecting compounds of concern is to identify
a subset of chemicals that represent those chemicals that are the most
toxic, environmentally mobile and/or environmentally persistent and that

would potentially occur in concentrations sufficient to be threatening.
The twelve chemicals selected for this ecological assessment are:

0 three volatile organic compounds (VOCs) (ethylbenzene, toluene.
and total xylenes);

0 two semi-volatile compounds (naphthalene and 2-
methylnaphthalene); and

0 seven metals (arsenic, cadmium, chromium, iron, lead. selenium,
and zinc).

The contaminants of concern were selected based on the following criteria:

0 The chemicals are considered at least moderately toxic: and
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0 The persistence of the chemical in the environment may pose a
potential hazard to biota.

The evaluation of the ecological exposure is the second step in an
ecological assessment. There are four basic elements in evaluating
ecological exposure: identifying the environmental transport pathway,
identifying exposure points, evaluating the chemical concentrations at the
exposure point and evaluating the route or exposure pathway of chemical
intake for the wildlife species. These distinct elements which are all
necessary in order for wildlife species to be exposed to the chemicals of
concern are discussed below:

o An exposure or environmental transport pathway is the mechanism
by which chemicals are transported from a source or sources to a
wildlife receptor. In this ecological assessment the sources
were on-site soils and sediments contaminated by paint wastes.

0 The exposure locations or areas of concern in this ecological
assessment were the points where wildlife receptors can
potentially contact the medium (soil, sediments, or vegetation) °
on which the chemical of concern are deposited.

) For a chemical to pose an ecological risk to wildlife, the
chemical must travel through environmental media to the exposure
point and reach receptors in biologically significant
concentrations. The exposure pathway must be complete or there
is no hazard. The exposure pathway in this ecological assessment
was the release of the chemicals of concern to the soils and
sediments, environmental transport of the chemicals to the
exposure point and uptake of the contaminated media by a
receptor.

0 Media uptake routes are the final connection between chemical
release and the exposed wildlife. The potential routes included
dermal exposure to contaminated soils and sediments and ingestion
of contaminated soils, sediments, and vegetation. Ingestion was
considered the most important route in this ecological
assessment.

There were three terrestrial pathways of concern at the Baier site, soil,
sediment and soil/vegetation, and two terrestrial pathways of concern at
the McCarl site. soil and soil/vegetation. Within these terrestrial
pathways six scenarios were identified at the Baier site involving;
earthworms, worm-eating warblers, voles, barn owls, the eastern cotton
tail, the eastern squirrel, and the white-tailed deer and three scenarios
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were identified at the McCarl site involving; earthworms, worm-eating
warblers, mice, barn owls, and raccoons.

None of the wildlife species identified above and incorporated into the
scenarios at the Baier and McCarl sites should be adversely affected by the
metals of concern. The concentrations of the metals of concern were within
or below those concentrations in the literature that have been documented
as having no adverse affects on these species.

Therefore, the evaluation of the potential effects of the chemicals of
concern (for which literature was available) on the wildlife and ecology of
the Baier and McCarl sites was these chemicals do not appear to pose a
threat to the ecology of these sites.
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1.0 INTRODUCTION AND OBJECTIVE

This ecological assessment is complimentary to the human risk assessment
because many of the initial steps used to evaluate the human risks are
applicable to this ecological assessment (WCC, 1990). For example:
identifying contaminants of concern and evaluating the release, migration,
and fate of chemicals in the environment are common elements of both the
Human Health Risk Assessment and the Ecological Assessment. After these
initial steps have taken place, the next steps in an ecological assessment
are to identify wildlife populations and habitats that may be potentially
impacted, evaluate the chemical concentrations at these locations and
characterize the potential for adverse impacts. Both flora and fauna are
considered as potential receptors.

The Baier and McCarl sites were combined by USEPA for Hazard Ranking System
(HRS) purposes. However, the sites are separated by approximately two
miles of woodlands; and, therefore, the surface water drainage pathways are
different. Also, the amount of wastes disposed at each site were
different. These differences are definitive and affect the parameters
evaluated to perform an ecological assessment; therefore, an ecological
assessment is performed for each site individually. These individual
assessments relied on the existing scientific literature and utilized the
known toxicity of the chemicals of concern at the Baier and McCarl sites on
closely related species, because there is little toxicological data
available for the specific biota that inhabit the Baier and McCarl sites
that may be impacted by the identified chemicals of concern.

The intent of the Comprehensive Environmental Response Compensation and
Liability Act (CERCLA) and its amendment is "to protect human health and
the environment". Therefore, the objective of this ecological assessment
is to evaluate qualitatively the potential impacts that paint sludge and
associated wastes may have on wildlife and vegetation at the Baier and
McCar]l Sites. The approach used in this ecological assessment is that
recommended by the U.S. Environmental Protection Agency (USEPA, '1989).
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2.0 SCOPE OF EVALUATION BAIER SITE

2.1 DESCRIPTION OF THE BAIER SITE

The following description of the area is from site visits and from
summarizing existing ODuPont reports including: the Removal Action Workplan
for the Baier Site (WCC, 1989); the Draft Workplan for the Focused Ground
Water Investigation (WCC, 1989); the Site Histories/Chronology of the Baier
and McCarl sites (WCC, 1989); the Draft Statement of Work for Engineering
Evaluation/Cost Analysis of the Baijer site (WCC, 1989); and the sampling
data collected by USEPA for the James Baijer site (USEPA, 1986). Review of
these documents leads to the conclusion that the Baier site is isolated
from major water bodies and accessible only through two locked gates.
Access is restricted to a single lane gravel road behind a locked gate and
another locked gate at the site boundary.

2.1.1 PHYSICAL ENVIRONMENT

The Baier site is located in Lee County, Iowa approximately 3.5 miles south
of West Point, [owa and approximately 5 miles west-northwest of Fort
Madison, [owa. The Baier site (approximately 3 acres) is comprised of a
small open area ringed by woods. A fallow pasture lies immediately south
of the site. The average elevation across the Baier site is 670 feet above
mean sea level with an elevation range from 700 feet above mean sea level
along the eastern ridge to 640 feet above mean sea level along the western
drainage ditches. Surface water flows within several drainage pathways
into either Sugar Creek or Devils Creek.

2.1.1.1 Climate

The climate of the region is temperate with cold winters (mean average
temperature from 1981 to 1988 was 35.71 degrees fFahrenheit) and hot summers
(mean average temperature from 1981 to 1988 was 66.30 degrees Fahrenheit).
The mean average temperature from 1981 to 1988 was 51.74 degrees
Fahrenheit. The average annual rainfall is 34.6 inches, although the
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precipitation from October 1, 1988 through September 30, 1989 was
29.98 inches. About 75 percent of the annual precipitation occurs during
the warm season from April through September.

2.1.1.2 Geology and Soils

The surficial geologic units at the Baier site consist primarily of
unconsolidated loess or glacial till. The loess thickness ranges from 0.5
to 9.0 feet in areas with relatively flat slopes, and the average loess
thickness is 5.4 feet. In general, the thickness of loess decreases with
increasing slope at the site and is not present in the drainages due to
erosion. The underlying geologic units are weathered glacial till with a
lTower contact of a thin sand deposit, underlain by an unweathered till.
The thickness of the weathered glacial till ranges across the site from 25
to 54 feet. The unweathered glacial till is approximately 170 feet thick
as determined from a soil boring to bedrock.

Soils at the Baier site include brown, silty clay typical of the loess
deposits and reddish brown, silty clay typical of the weathered glacial
till. The surface soil exhibits lTow permeability except for desiccation
fracture zones which may increase the permeability.” The surface soil also
has a high available water capacity.

2.1.1.3 Surface Water Hydrology

The Baier site is characterized by an open area ringed by wooded areas. A
fallow pasture lies immediately south of the site. The open area bisects
the site and essentially acts as a natural divide for surface water
drainage. The surface runoff flows either towards the west - northwest or
towards the southeast through the wooded areas down the steep slopes into
various drainage pathways. These drainages intersect and eventually lead
to intermittent tributaries of Sugar Creek.
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2.1.2 ECOLOGY OF THE BAIER SITE

The Baier Site contains a variety of terrestrial and aquatic habitats. The
center area of the site is open. This area has disturbed (i.e.
perturbation occurred more than 100 years ago) vegetation types
interspersed with tall grass prairie vegetation and remnant pasture
grasses. The perimeter of the site is characterized by deciduous woodlands
and ravines. The deciduous woodlands habitat is a second or possibly third
growth stands of oak, hickory and black walnut interspersed with dogwood
and cottonwood and brushy areas characterized by red sumac. A fallow
pasture lies immediately south of the site. Artificial property boundaries
do not restrict the utilization of habitat on-site by the local fauna,
because animals can not distinguish between habitat that is located on-site
and habitat that is located immediately adjacent to a site.

2.1.2.1 Aquatic Ecology

The aquatic habitats on the Baier site are restricted to the ephemeral
drainage pathways leading off-site to the intermittent streams that flow
into Sugar Creek. This type of drainage path contains water only a very
short time period over an annual rainfall season.

Standing water was observed on-site in shallow depressions created by tire
ruts. Tadpoles have been observed in these ephemeral pools (i.e.. pools of
water which are of short duration) on previous site visits. However no
permanent standing water bodies, such as ponds or lakes, are present on the
site.

2.1.2.2 Terrestrial Ecology

FLO

The Baier site is an area of low rolling terrain characterized by
grasslands, sumac shrublands, stands of white oak, hickory, and black
walnut with dogwoods, cottonwoods, redbuds and maples comprising the
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understory. The woodland habitat at the Baier site is divided by an open
grassy area. The fallow pasture immediately south of the site is dominated
by mid-grass species and tall-grass species which are typically found in
mesic areas or those areas which support vegetation types that require a
fair amount of moisture to survive. White oak, hickory, black walnut and
black locust are the dominant tree species in the deciduous woodlands. The
dominant shrub species on the Baier site includes red sumac. Sedges,
mosses and plant species tolerant of mesic conditions are found within the
woodlands along the drainage pathways.

FAUNA

The most conspicuous mammals on the Baier site are the eastern cottontail
(Sylvilagus floridanus), raccoon (Procyon iotor) and white-tailed deer

(Odocoileus virginianus). A beaver (Castor canadensis) was identified near

a tributary of Sugar Creek approximately | mile from the Baier site. An
ecological literature review pertaining to areas that have similar habitats
as the Baier site provided the following list of common rodents which
because of habitat similarity may inhabit the Baier site:

0 the Franklin ground squirrel (Citellus franklini) in tall-
grasses, borders of fields and open woods;

0 woodchuck (Marmota monax) found in brushy and rocky ravines and
open woods;

0 eastern chipmunk (Tamias striatus) found in deciduous forests and
brushy areas;

0 eastern gray squirrel (Sciurus carolinensis) inhabits hardwood
forests with nut trees;

0 eastern fox squirrel (Sciurus niger) inhabits open hardwood lots
with interspersed clearings;

0 southern flying squirrel (Glaucomys volans) inhabits woodlots and
forests of deciduous trees:

0 plains pocket gopher (Geomys bursarius) inhabits grassland and
pastures;

0 western harvest mouse (Reithrodontomys megalotis) in grassland

with dense vegetatiaon near water;
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0 white-footed mouse (Peromyscus leucopus) prefers woody or brushy
areas;

0 deer mouse (Peromyscus maniculatus) inhabits a mixture of forests
and grasslands;

0 meadow vole (Microtus pennsylvanicus) prefers high grasslands
with rank growths of vegetation, occasionally in forests with
little ground cover;

0 prairie vole (Microtus ochrogaster) prefers open prairie;

0 pine vole (Pitymys pinetorum) inhabits forest floors thick with
deciduous matter;

0 meadow jumping mouse (Zapus hudsonius) found in low meadows;

0 norway rat (Rattus norvegicus) found along building foundations
or beneath rubbish piles; and

0 house mouse (Mus musculus) usually found in buildings.
Other mammals possibly inhabiting the Baier site include:

0 opossum (Didelphis marsupialis) prefers woodlands along streams;

0 least shrew (Cryptotis parva) inhabits apen grass-covered areas
with scattered brush;

0 shorttail shrew (Blarina brevicauda) inhabits forests. grasslands
and brushy areas;

0 eastern mole (Scalopus aquaticus) prefers moist sandy loam,
fields and meadows;

0 keen myotis (Myotis keeni) prefers buildings. hollow trees,
forested areas;

0 little brown myotis (Myotis lucifuqus) found in hollow trees or
buildings;

0 Indiana myotis {Myotis sodalis) found in hollow trees:

0 small-footed myotis (Myotis subulatus) found in crevices in

rocks, buildings or near forested areas;

0 silver-haired bat (Lasionycteris noctivagans) typically inhabits
forested areas;

0 eastern pipistrel (Pipistrellus subflavus) found in caves,
crevices in rocks and wooded areas:
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0 red bat (Lasiurus borealis) prefers wooded areas and normally
roosts in trees;

0 big brown bat (Eptesicus fuscus) inhabits caves, crevices, hollow
trees and wooded areas;

0 hoary bat {(Lasiurus cinereus) inhabits wooded areas;

0 evening bat (Nycticeius humeralis) is found in buildings and
hollow trees;

) least weasel (Mustela rixosa) inhabits meadows, fields, brushy
areas and open woods;

0 longtail weasel (Mustela frenata) is not restricted and is found
in all Tand habitats near water;

0 badger (Taxidea taxus) is found in open grasslands;

0 spotted skunk (Spilogale putorius) prefers sparsely wooded areas,
brushy areas and prairies;

0 striped skunk (Mephitis) inhabits mixed woods, brushland and
semi-open country;

0 coyotes (Canis latrans) inhabit prairies, open woodlands, brushy
areas;
0 red fox (Vulpes fulva) prefers a mixture of forest and open

country; and

0 bobcat {Lynx rufus) typically found in forests.

Although it is theoretically possible for the mammals listed above to
inhabit the Baier site, it is not ecologically expected to find all of
these mammals utilizing the site. The Baier site lacks the diversity to
support all representatives of the mammals species listed; for example, the
potential exists for one or two species of bats to inhabit the site but it
is not possible from an ecological standpoint for all 10 bat species listed
to inhabit the site. The diversity of species and numbers of species that
inhabit a site are directly correlated to the availability of diverse
habitat. The competitive exclusion principle (also known as the Gausian
Model states that two closely related species can not coexist when the
habitat is limited) limits the numbers of species that may coexist within a
specific habitat.
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Several different species of birds are attracted to the diverse habitats at
the Baier site. Different species are found according to their preferred
habitat for nesting and feeding. These habitats include the open
grassland, shrub habitats and the deciduous woodlands. Species identified

during site visits include; indigo bunting (Passerina cyanea), red-winged

blackbird (Agelaius phoeniceus), blue jay (Cyanocitta cristata), brown

thrasher (JToxostoma rufum) and killdeer (Charadrius vociferous).

Upland game birds visible on site visits include bobwhite (Colinus
virginianus), turkey (Meleagris gallopava) and ring-necked pheasant

(Phasianus colchicus). The turkey vulture (Cathartes aura), a scavenger

along roadsides and in fields has been identified during site visits also.

Turtles, toads and lizards are probably found on the Baier site. Northern
cricket (Acris crepitans) and tree frogs (Hyla species), a bullsnake

(Pituophis melanoleucus sayi) and red milksnake (Lampropeltis triangulum

syspila) have been identified during site visits.

2.1.3 THREATENED AND ENDANGERED SPECIES

According to the Bureau of Preserves and fcological Services within the
lowa Department of Natural Resources (IDNR) there is one species listed on
the state of Iowa threatened species list in Sections 28 and 22 of Township
68 North, Range 5 West. This threatened species is the orange-throated
darter (Etheostoma spectabile) which was collected in Pitman Creek in 1971.

Pitman Creek is located approximately one and one-half miles north of the
Baier site. Surface water drainage from the site is towards the west-
northwest or the southeast. Surface water draining from the site
ultimately flows into Devils Creek or Sugar Creek. Pitman Creek flows into
Sugar Creek in the southwest corner of Section 20. Therefore, it is
impossible for the surface water drainage from the Baier site to impact
Pitman Creek and consequently the orange-throated darter.

The Indiana bat (Myotis sodalis) is an endangered species listed on both

the state of Jowa and the Federal endangered species lists. According to
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the IDNR the Indiana bat may be expected in the area based on habitat. The
Indiana bat is found in areas where there are large trees with shaggy bark.
The worm-eating warbler (Helmitheros verivorus) and hooded warbler

(Wilsonia citrina) are considered rare, but have no special ltegal status

and also may be expected in the area due to available habitat. The
warblers are typical of mature woodland with large trees.

2.2 CONTAMINANTS OF CONCERN

2.2.1 CHEMICALS OF CONCERN: SELECTION PROCESS

The selection of chemicals of concern is the first step in an ecological
assessment. The objective of selecting compounds of concern is to identify
a subset of chemicals that represent those chemicals that are the most
toxic, environmentally mobile and/or environmentally persistent and that
would potentially occur in concentrations sufficient to be threatening.

The chemicals of concern for this analysis may be included in the chemicals
selected in the human risk assessment.

2.2.1.1 Chemicals Selected from the Human Risk Assessment

The chemicals that were selected as chemicals of concern in the human
health risk assessment (arsenic, cadmium, chromium, lead and selenium) were
considered for inclusion in the ecological assessment. Chemicals that were
eliminated in the human health risk assessment because of a low indicator
score were reconsidered as part of this ecological assessment. Volatile
organic compounds (VOCs) identified during the May 1989 sampling of
discrete waste piles were not considered as chemicals of concern. The VOCs
found in these waste piles were identified at depths of 6-36 inches and
would not affect surface dwelling species. It is reasonable to assume that
semi-fossorial and fossorial species would avoid these waste piles due to
the odiferous nature of the waste especially since animals have evolved
avoidance mechanisms (Joosse and Buker, 1979). Moreover, "Organisms have
developed or used a number of mechanisms to overcome the adverse influence

of otherwise toxic concentrations of compounds. These mechanisms may be
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arranged and treated as avoidance, exclusion, immobilization, excretion and
mechanisms involving enzymatic change." (page 204 in Tyler et al., 1989).
Moreover, studies have shown animals have a capacity to discriminate
between contaminated and uncontaminated food (Joosse et al., 1981; Joosse
and Verhoef, 1983; Tranvik and Eijsackers, 1989) and organisms may develop
tolerance to compounds (Tyler et al., 1989). "The concept of tolerance
comprises both the mechanisms by which an organism or population may
develop resistance to chemical exposure and the degree of the actual
resistance.” "Tolerance may be both phenotypically and genotypically
acquired. Individuals of any species amy be "trained’ to endure elevated
exposure provided the exposure increase is not too great or too sudden."
"Tolerance may also be due to changes in the genetic properties of a
population, mainly a result of induced selection.” (page 203 in Tyler et
al., 1989).

2.2.1.2 Chemicals of Concern for the Ecological Assessment

The twelve chemicals selected for this ecological assessment are listed in
Table 1. Three volatile organic compounds (VOCs) (ethylbenzene, toluene
and total xylenes), two semi-volatile compounds (naphthalene and 2-
methylnaphthalene) and seven metals (arsenic., cadmium, chromium, iron,
lead, selenium and zinc) were selected. The contaminants of concern were
selected based on the following criteria:

0 The chemicals are considered at least moderately toxic:; and

0 The persistence of the chemical in the environment may pose a
potential hazard to biota.

Literature reviewed concerned the fate, uptake and transport of arsenic,
cadmium, chromium, lead, selenium and zinc on flora and fauna. Literature
concerning the fate, uptake and transport of ethylbenzene, toluene, total
xylenes, naphthalene, 2-methylnaphthalene and iron on flora and fauna was
not readily available.
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2.2.1.2.1 Arsenic

Arsenic exists in four oxidation states in either inorganic or organic
forms. Its bioavailability and toxic properties are significantly modified
by numerous biological and abiotic factors that include the physical and
chemical forms of arsenic, the route of administration, the dose and the
species of animal. Generally, inorganic arsenic compounds are more toxic
than organic compounds and trivalent species are more toxic than
pentavalent species (Eisler, 1988).

This chemical is a common element and is present in air, water, soil,
plants and in all living tissues (Woolson, 1975; NAS, 1977; NRCC, 1978;
Pershagen and Vahter, 1979; USEPA 1980, 1985; Hood, 1985, Andreae, 1986).
Arsenic occurs naturally as sulfides and as complex sulfides of iron,
nickel and cobalt (Woolson, 1975) and is present in rocks, soils, water and
living organisms in one form or another (NAS, 1977). Soil arsenic levels
are normally elevated near mineralized zones rich in sulfides of lead and
zinc (Dudas, 1984).

Arsenic is ubiquitous in Tiving tissue and is constantly being oxidized,
reduced or metabolized (Eisler, 1988). Insoluble or slightly soluble -
arsenic compounds in soils are constantly being resolubilized and the
arsenic is available for plant uptake or reduction by organisms and
chemical processes.

Exposure of wildlife to arsenic may occur through air (e.g., emissions from
smelters, coal-fired power plants) and water (e.g., smelter wastes, natural
mineralization). Arsenic may be taken up by ingestion, inhalation or
absorption through the skin or mucous membranes (Eisler, 1988).

2.2.1.2.2 Cadmium
Cadmium is a naturally occurring element and has been detected in more than

1,000 species of aquatic and terrestrial flora and fauna (Eisler., 1985).
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Older organisms generally contain greater concentrations of cadmium than
younger organisms (Eisler, 1984). Point source discharges of cadmium
containing wastes generally increase the cadmium concentrations within a
species of animals (Eisler, 1985).

2.2.1.2.3 Chromium

Chromium can be affected by various physical and chemical parameters which
alter the elemental concentration (e.g., trivalent chromium vs. hexavalent
chromium) thereby influencing the mobility and reactivity of the chemical
resulting in different environmental effects (Steven et al., 1976). Soil
pH and organic complexing substances in the soil affect the solubility and
therefore the potential biocavailability of chromium in the soils (James and
Bartlett, 1983).

Although soil pH can affect oxidation rates of hexavalent chromium to
trivalent chromium, organic complexes appear to play a more significant
role. Organically complexed trivalent chromium added to soils may remain
soluble for at least a year, whereas the free trivalent chromium metal ion
in the absence of soluble complexing ligands quickly becomes adsorbed or
hydrolyzed and precipitated (Eisler, 1986). :

Acute and chronic adverse effects of chromium to warm-blooded organisms are
caused mainly by hexavalent chromium (Eisler, 1986). In general,
hexavalent chromium compounds are hazardous to animals, trivalent chromium
is essentially nontoxic (Gale, 1978). Chromium in biological materials 15
in the majority of circumstances in the trivalent state. No organic
trivalent chromium complexes of toxicological importance have been
described (Eisler, 1986). Little is known about the relation between
concentrations of total chromium in a given environment and biological
effects on the organisms living there.
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2.2.1.2.4 Lead

Lead is a ubiquitous trace constituent in rocks, soils, water, plants,
animals and air (Eisler, 1988). Absorption and retention of lead from the
gastrointestinal tract (the major intake pathway) varies widely as a
function of age, sex and diet of the organism. The lack of particular
chemicals in the diet often affects the toxicity and storage of lead in
tissue greater than the effect of doubling the dose of lead in the diet
(Levander, 1979).

2.2.1.2.5 Selenium

Selenium occurs in nature in four oxidation states of biological
significance; selenide, elemental selenium, selenite and selenate.
Hydrogen selenide is a highly toxic and reactive gas that quickly
decomposes in the presence of oxygen to elemental selenium and water.
Elemental selenium is insoluble and not subject to rapid oxidation or
reduction in nature. This form is apparently not toxic (Ohlendorf, 1989).
Selenate is the predominant mobile inorganic form of selenium in alkaline
soils of semiarid areas whereas selenite predominates in soils of humid

regions. :

Selenium concentrations in animal tissues reflect dietary levels,
particularly when selenium occurs in natural dietary ingredients as
compared to inorganic selenite or selenate {Sharma and Singh, 1983).
Animals readily absorb inorganic and some organic selenium compounds
through the small intestine (Rosenfield and Beath, 1964; Allaway et al..
1967; Olson, 1967; Fishbein, 1977) but selenides and elemental selenium are
poorly absorbed (Ohlendorf, 1989). Most of the selenium (between 70 to 80
percent) is quickly excreted in urine, breath, perspiration and bile. The
remaining selenium becomes bound to tissue proteins or blood and is only
slowly eliminated (Ohlendorf, 1989).
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2.3 ECOLOGICAL EXPOSURE

There are four basic elements in evaluating ecological exposure:
identifying the environmental transport pathway, identifying exposure
points, evaluating the chemical concentrations at the exposure point and
evaluating the route or exposure pathway of chemical intake for the
wildlife species. These distinct elements which are all necessary in order
for wildlife species to be exposed to the chemicals of concern are
discussed in the following sections.

2.3.1 ENVIRONMENTAL TRANSPORT PATHWAYS

An exposure or environmental transport pathway is the mechanism by which
chemicals are transported from a source or sources to a wildlife receptor.
In this ecological assessment the sources are on-site soils and sediments
contaminated by paint wastes.

The volatile organic compounds (VOCs) and metals of concern on-site were
transported through the soils and sediments and are found at depths as
great as 25 feet (Table 2). The Remedial Investigation/Feasibility Study
(RI/FS) contains more detailed information pertaining to the chemicals of
concern. Surface water run-off and percolation are the mechanisms
responsible for the transport of these chemicals of concern. The surface
transport pathway is responsible for the contamination of the sediments in
the drainage pathways. The chemicals of concern were transported via
surface water run-off into these drainage pathways.

2.3.2 EXPOSURE POINT IDENTIFICATION

The exposure locations or areas of concern in this ecological assessment
are the points where wildlife receptors can potentially contact the medium
(soil, sediments or vegetation) on which the chemicals of concern are
deposited. Sediment is defined as the medium in the drainage pathways that
usually has a high moisture content and does not support vegetation. Soil
is the defined as the medium on the slopes which supports the growth of
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vegetation which in turn may take up contaminants via the root system.
Wildlife that may contact the air or surface water media are not considered
at risk in this ecological assessment and these media are not evaluated as
exposure media. There is little, if any, fugitive dust from the site;
therefore, the air is not considered as an exposure medium. There are no
standing water bodies on-site, therefore the surface water is not
considered as an exposure medium.

2.3.2.1 Soils

Soils are an important exposure medium in this ecological assessment. The
selection of exposure points for soils was based on those locations which
are most ecologically significant in terms of important wildlife species,
such as the worm-eating warbler and their food webs. Worms contact the
soi]l medium directly through ingestion and indirectly through burrowing.
Worms are a prey item of not only the worm-eating warbler but also shrews,
skunks and opossums. Thus, soils also may serve as a direct contact and
incidental ingestion route.

Additionally, soils are an important exposure medium, indirectly through
burrowing and directly through accidental ingestion while cleaning for
semi-fossorial mammals such as voles and for fossorial mammals such as
moles. Voles are a prey item of predaceous animals such as owls, hawks and
snakes.

2.3.2.2 Sediments

Sediment is defined as the medium in the drainage pathways that usually has
a high moisture content but does not support vegetation. Sediments are
ecologically important when the contaminants are hydrophobic substances
that become absorbed by organic matter or clay particles in the sediment.
Worms contact the sediment medium in areas where detrital matter has
collected directly through ingestion and indirectly through burrowing.
Other species (e.g., frogs, toads, lizards., snakes, raccoons and opossums)
may potentially come into contact with the sediment medium transiently.
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2.3.2.3 Vegetation

Vegetation also was considered as an exposure medium in this ecological
assessment. The exposure areas selected for consideration were those
vegetation communities that were judged to have the highest potential to
impact wildlife. The following scenarios are examples of the importance of
vegetation in food webs:

0 Voles ingest the stems of grasses and sedges and the eastern
cottontail grazes on grasses; therefore, these vegetation types
are considered important exposure media for the scenarios
presented in this ecological assessment.

0 Squirrels ingest nuts such as acorns and hickory nuts. These
food sources may fall to the ground and pick up soil particles
associated with paint wastes; therefore, the oak and hickory
trees are considered as exposure media for the scenarios
presented in this ecological assessment.

0 White-tailed deer are browsers and ingest leaves and stems of
shrubs and trees, if the chemicals of concern have been taken up
by the shrubs and trees within the deciduous woodiands then they
are considered important exposure media for the scenarios
presented in this ecological assessment.

2.3.3 CHEMICAL FATE AND TRANSPORT

For a chemical to pose an ecological risk to wildlife, the chemical must
travel through environmental media to the exposure point and reach
receptors in biologically significant concentrations. The exposure pathway
must be complete or there is no hazard. The exposure pathway in this
ecological assessment is the release of the chemicals of concern to the
soils and sediments, environmental transport of the chemicals to the
exposure point and uptake of the contaminated media by a receptor. The
term "transport"” refers to the possible physical mechanisms that serve to
move a chemical through the environment. "Fate" refers to the chemical and
physical processes which 1imit (or enhance) the ability of a chemical to
migrate in the environment to its ultimate destination. The term
"environmental fate” is broadly defined in the literature as the collective
chemical phenomena which tend to attenuate a chemical and its
concentration. Some of the phenomena included in the term environmental
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fate are adsorption to mineral and organic particles in soil,
volatilization, dispersion and dilution in ground water or surface water,
chemical degradation, biological degradation and chemical speciation
transformations.

2.3.3.1 Soil Concentrations

It was assumed for this ecological assessment that the chemicals of concern
were deposited onto the soil and that soil was subsequently ingested
(either directly or indirectly, via inhalation of particles or by dermal
contact and subsequent cleaning of the exposed area) by the exposed
wildlife.

Geometric means of the data collected in 1989 and 1990 were calculated.
This approach differs from the human health risk assessment where
arithmetic means were calculated as results of statistical analyses ot
data. This ecological assessment required that geometric means be
calculated from the data for the following reasons:

0 The data were collected as samples from areas of greatest suspected
contamination in order to characterize the site for the human health
risk assessment.

0 The ecological assessment requires the entire extent of the site
(including but not limited to localized areas) be evaluated.
Moreover, plants found in the vicinity of the high contamination area
gradually increased in density away from the high contamination area.

0 In order to use these data to evaluate the areal extent of the site it
was necessary to calculate geometric means.

0 Geometric means are typically calculated when data collected in a
nonrandom manner is used in a representative manner to evaluate a
site.

Vegetation and animal samples from the site were not collected. Therefore,
the soil and sediment samples collected from the site were used in
conjunction with a thorough literature review to evaluate the potential
effects of the chemicals of concern on the wildlife. Statistical tests
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were not performed due to the paucity of soil and sediment samples
collected at repetitive sampling locations.

The 1989 soils data are presented in Table 2. The range of geometric means
of the volatile organic compounds (VOCs) detected in soils collected at
various depths are; etiylbenzene (0.006 milligrams per kilogram [mg/kg] to
21.16 mg/kg), toluene (0.006 mg/kg to 2.91 mg/kg), total xylenes

(0.006 mg/kg to 92.47 mg/kg), methylene chloride (0.006 mg/kg to

0.08 mg/kg), acetone (0.012 mg/kg to 0.15 mg/kg) and 2-butanone (1.11 mg/kg
to 10.0 mg/kg). Methylene chloride, acetone and 2-butanone are common
Jaboratory contaminants and were seen at very low concentrations. Five of
the seven metals of concern (arsenic, cadmium, chromium, lead and selenium)
were detected on-site in 1989. The range of geometric means of the 1989
metals data indicate arsenic (4.10 mg/kg to 8.15 mg/kg), cadmium

(0.96 mg/kg to 3.92 mg/kg), chromium (10.5 mg/kg to 39.38 mg/kg) and lead
(6.91 mg/kg to 104.45 mg/kg) were detected from a depth of 0.5 feet to a
depth of 25 feet (Table 2). The geometric means of the selenium
concentrations (0.32 mg/kg to 1.55 mg/kg) represent the detection limits
for these samples. The geometric means of the toluene concentrations
(0.006 mg/kg to 4.80 mg/kg) are estimated values. Estimated values pertain
to those concentrations that are less than the Contract Required Detection
Limit (CROL) but greater than the Instrument Detection Limit (IDL) and
therefore are designated estimates by the analytical laboratory.

The 1990 volatile organics compounds (VOCs). semi-volatile compounds data
and soils data are presented in Tables 3 & 4. The geometric means of the
1990 volatile organic compounds data (Table 3) indicate that toluene

(0.66 mg/kg), ethylbenzene (1.76 mg/kg), total xylenes (6.81 mg/kg),
methylene chloride (0.24 mg/Kg), acetone (0.62 mg/kg) and 2-butanone

(0.40 mg/kg) were detected in the soils collected on-site. The geometric
means of the concentrations of arsenic (5.84 mg/kg), cadmium (27.50 mg/kg).
chromium (173.73 mg/kg), iron (36,124.95 mg/kg), lead (1,176.48 mg/kg),
selenium (7.32 mg/kg) and zinc (2,080.57 mg/kg) are presented in Table 4.
The sediment collected from a depth of 0 to I foot had levels of cadmium
(1.80 mg/kg), chromium (20.78 mg/kg), iron (16,759. 98 mg/kg). lead
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(58.25 mg/kg), selenium (0.93 mg/kg) and zinc (145.24 mg/kg) which were
less than the concentrations of these metals found in the soils. The
concentration of arsenic in sediment (5.99 mg/kg) was greater than the
concentration of arsenic in the soils (5.84 mg/kg) (Table 4).

Six semi-volatile compounds were detected at the Baier site (Table 3). Of
these compounds the origin of naphthalene and 2-methylnaphthalene on-site
is not known. The other four compounds (benzoic acid, di-n-butylphthalate,
bis(2-ethylhexyl) phthalate and di-n-octylphthalate) are ubiquitous in the
environment. The concentrations of naphthalene (4.87 mg/kg) and 2-
methylnaphthalene (19.98 mg/kg) are presented in Table 3. The available
Titerature concerning potentially hazardous semi-volatile compounds in the
environment and their ecological effects on the environment is sparse;
therefore, it is difficult to interpret these data as having a potential
adverse impact on the environment.

Two soil exposure points were selected. The worm that ingests soil was
considered an important soil exposure point because the worm-eating
warbler, a species considered rare by the state of lowa but with no legal
status, (and numerous other worm-eating bird species) ingest worms. The
second important soil exposure point selected in this ecological assessment
involves the vole which indirectly ingests soil through dermal contact (and
subsequent cleaning) and inhalation of soil particles and was considered an
important component of this soil exposure point because of the occurrence
of predatory birds in the area. Predators of the vole (a semi-fossorial
mammal) include owls, hawks, other predatory birds and snakes.

Although the depth of chemicals has been documented as deep as 25 feet the
ingestion of soil by worms or voles is limited to one foot because the soil

exposure point is limited in depth.

2.3.3.2 Sediment Concentrations

For the purposes of this ecological assessment the chemicals of concern are
thought to be transported through the soil and into the drainage pathways
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via surface water run-off. Those potentially contaminated sediments can
then be subsequently ingested by the exposed wildlife.

One sediment exposure point was selected. The worm that ingests sediments
was considered an important exposure point because the worm-eating warbler,
a species considered rare by the state of Iowa but with no legal status,
(and numerous other worm-eating bird species) ingest worms.

Although the depth of chemicals has been documented as deep as 25 feet the
ingestion of sediment by worms or voles is limited to one foot because the

sediment exposure point is limited in depth.

2.3.3.3 Veqetation Concentrations

For the purposes of this ecological assessment the chemicals of concern are
assumed to be transported through the soil and were incorporated into
edible portions via root uptake of various components from the soil. In
addition, it was assumed that those potentially contaminated plants were
subsequently ingested by the exposed wildlife. However, data are not
available for estimating the contaminant uptake of the vegetation on-site.

Four vegetation exposure points were selected. The vole that ingested
contaminated vegetation and was subsequently ingested by a barn owl was
considered an important exposure point because predatory birds such as the
barn owl may occur in this area. The eastern cottontail and the white-
tailed deer ingesting vegetation that was exposed to the chemicals of
concern was considered an important exposure pathway because of human
hunters. The eastern squirrel ingesting white oak acorns or hickory nuts
that were exposed to the chemicals of concern was considered an important
exposure pathway because of human hunters also.

Although the depth of chemicals has been documented as deep as 25 feet the
ingestion of vegetation by voles, eastern cottontail and white-tailed deer
is limited to one foot because the vegetation exposure points are limited

in depth. We are assuming the depth of concern with regard to the
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ingestion of acorns or nuts by the eastern squirrel is six feet because the
trees that produce nuts generally have root zones extending as deep as six
feet.

2.3.4 EXPOSURE POINT CONCENTRATIONS

This ecological assessment is qualitative in nature because of unknowns
such as plant uptake of contaminants, the amount of contaminants consumed,
et cetera, and as a result calculation of specific concentrations for
individual chemicals at the exposure points is not feasible.

2.3.5 CHEMICAL OR MEDIA UPTAKE ROUTES

Media uptake routes are the final connection between chemical release and
the exposed wildlife. The potential routes include dermal exposure to
contaminated soils and sediments and ingestion of contaminated soils,
sediments and vegetation. Ingestion was considered the most important
route in this ecological assessment, because bioaccumulation in terrestrial
environments most frequently involves the food chain because general
exposure and uptake of the chemicals of concern from air is considerably

less than the general exposure and uptake from prey. -

2.3.5.1 Ingestion Pathway

Uptake of the chemicals of concern may occur from ingestion of soil,
sediments or vegetation. Bioaccumulation (i.e., concentration of the
chemicals from diet alone) of the chemicals of concern (arsenic, cadmium,
chromium, iron, lead, selenium and zinc) will have the greatest potential
to impact the wildlife at the Baier site because these metals have not been
demonstrated to biomagnify (i.e., concentration of the chemicals increase
as they move through the trophic structure of the community). Food chain
biomagnification is uncommon for terrestrial communities (Eisler, 1988).

The site-specific terrestrial (soil-biota, sediment-biota and soil-
vegetation-biota) food web or ingestion pathways were used to evaluate the
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ecological exposures at the Baier site. The pathways approach involves a
multiple food chain pathway analysis to address the potential for adverse
effects at various trophic levels and the potential for contaminants to
biocaccumulate within food webs. The pathway approach incorporates exposure
estimates by various organisms to contaminants present in the environment.
This approach takes into consideration the potential for the following key

factors:
0 bioconcentration (concentration from direct exposure to water in
an aquatic medium);
0 bioaccumulation (concentration from water and/or from diet); and
0 biomagnification (systematic increase in concentration as

contaminants move through food chains to higher trophic levels).

The worm-eating warbler and barn owl are predators at the top of a food
chain and are susceptible to the effects of contaminant bioaccumulation.
The worm-eating warbler {or similar species of songbird) derives a major
portion of its food supply from worms. The barn owl (or a similar
predatory bird) derives a major portion of its food supply from voles, mice
and snakes. The vole is susceptible to incidental ingestion of the
chemicals of concern because it is a semi-fossorial (pr semi-burrowing)
mammal. The eastern squirrel, eastern cottontail, and white-tailed deer
are of special interest with regard to bioaccumulation as they are common
targets of human hunters.

Therefore these animals were incorporated into scenarios to evaluate the
potential effects of the chemicals of concern on the food chain. Six
separate scenarios (worm-eating warbler, vole. barn owl, eastern squirrel,
eastern cottontail and white-tailed deer) were developed for the exposure
pathway analysis to evaluate qualitatively the effects of the chemicals of
concern on these animals. While these scenarios aid in understanding what
ecological effects these compounds of concern may cause, it is important to
note that other variables such as predation, parasitism, niche competition
and unfavorable microclimate may affect all the hypothetical pathways
considerably more than the chemicals under consideration. Moreover. this
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site is an extremely small area when considering the entire ecological
system within Lee County.

Internal biochemical processes may influence the ultimate fate of the
chemicals of concern by negating any potential harmful effects of the
chemicals. One method employed by animals to avoid detrimental effects of
metals once ingested is to store them in one or more organs in a form which
will not distribute throughout the body and interfere with essential
biochemical processes in other tissues (Hopkin and Martin, 1984).
Additionally, the animals can use efficient removal mechanisms such as
excretion via moiting and defecation {Joosse and Buker, 1979; van Straalen
et al., 1985).
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2.3.5.2 The Terrestrial Pathway

The terrestrial pathway is evaluated by comparing the geometric means of
the chemical concentrations in the soil, sediment or vegetation to an
estimate of the uptake of these chemicals in the animals diet and the
ultimate fate of these chemicals in the animals bodies.

There are three subpathways within the terrestrial pathway. These are the
soil pathway, the sediment pathway and the soil/vegetation pathway. The
six scenarios previously discussed are presented below within their
respective terrestrial pathway.

2.3.5.2.1 Soil Pathway

The principal terrestrial pathway for the worm-eating warbler at the Baier
site is:

soil --- worm --- worm-eating warbler.

A review of the literature concerning the effects of arsenic, cadmium,
chromium, lead, selenium and zinc on this scenario was conducted.

[t is important to note that body concentrations of metals in invertebrates
differ between taxonomic groups, species and individuals within one species
(Hunter et al., 1987). However, for this ecological assessment the
decision was made to lump the available data from the literature and
present a broad, generalized scenario of the effects of the metals of
concern on earthworms because no earthworms were collected and analyzed
from the site. Unfortunately, this extrapolation of the potential effects
of the metals of concern on earthworms is not truly representative.
Critical concentrations of metals in soils are more difficult to establish
for soil invertebrates (such as earthworms) when using the concentration of
the metals in soil as a reference. This is due to the varying degree of
immobility versus availability of metals in soils. A more representative

alternative in evaluating the potential effects of the metals of concern on
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earthworms would be to measure the actual levels in the body tissues as a
reference.

[t should be noted that for this ecological assessment the comparison is
directly between concentrations of the metals of concern in the soils and
their effects on earthworms without accounting for the potential affects of
the soil chemical parameters on the metals of concern. Studies have
emphasized the importance of relating the soil pH, organic matter and soil
moisture content to the metal concentrations in the soil and earthworms
(Ma, 1982; Morgan, 1985; Ma et al., 1983; Morris and Morgan, 1986).

The effects of environmental pollution on earthworms have been researched
for the last 20 years and earthworms have been sampled in various habitats
such as roadside soils (Williamson and Evans, 1972; Gish and Christensen,
1973; Ash and Lee, 1980), mines and industrial areas (Ireland, 1975, 1979:
Ireland and Richards, 1977; Wright and Stringer, 1980; Bengtsson et al.,
1983) and analyzed for metal concentrations. The results of these (and
other) studies indicate that earthworms have been documented in soils with
concentrations of metals that exceed those concentrations present on the
Baier site and these concentrations of metals on the Baier site are within
levels detected-in whole body earthworm samples.

The concentrations of the metals of concern on the Baier site should not
adversely impact the earthworms or consequently the worm-eating warbler.
The concentrations of these metals of concern at a depth of 0 to 1 foot are
arsenic {4.10 mg/kg to 7.75 mg/kg), cadmium (1.08 mg/kg to 1.07 mg/kg),
chromium (10.5 mg/kg to 19.5 mg/kg), lead (16.75 mg/kg to 58.11 mg/kg).
selenium (0.39 mg/kg to 0.32 mg/kg) (Table 2) and zinc at a depth of 0 to 6
feet (2,080.57 mg/kg) (Table 4). These concentrations are within or below
documented levels of these metals in soils inhabited by earthworms or
within actual earthworm whole body samples.

Documentation detailing the metals of concern found in soils and in

earthworms includes the following information:
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) Concentrations of arsenic in soils have been documented in the USA at
7.4 mg/kg, and worldwide at 7.2 mg/kg, and arsenic concentrations in
living organisms (such as; terrestrial flora, fauna and birds) are
usually <1.0 mg/kg (fresh weight) (Dudas, 1984). Arsenic
concentrations at the Baier site at the 0 to I foot Tevel range from
4.10 to 7.75 mg/kg. These concentrations are within the concentration
typically found in the USA; therefore, the earthworms on-site should
have similar levels of arsenic.

) The levels of some metals in the bodies of earthworms parallels the
concentrations found in the soils these earthworms inhabit. This has
been documented for lead (Ma, 1982; Morgan, 1985). Therefore, it is
reasonable to assume that the same is true for the other metals of
concern.

0 Concentrations of cadmium have been documented in earthworms from
3.0 mg/kg (dry weight) in control areas to 12.6 mg/kg when earthworms
were collected 3.0 meters from a highway (Gish and Christensen, 1973).
Cadmium concentrations at the Baier site at the 0 to 1 foot level
range from 1.08 to 1.07 mg/kg. Making a gross assumption that
earthworms will have a body concentration of cadmium equal to the
concentration of cadmium in the soils they inhabit, the earthworms on-
site would have concentrations of 1.08 to 1.07 mg/kg cadmium. The
earthworms on-site should not be adversely affected by these
concentrations of cadmium (based on the above assumption) because
these concentrations are less than typical background or control
concentrations.

0 Concentrations of chromium were documented in earthworms from

0.8 mg/kg (dry weight) when earthworms were fed grain to 13.0 mg/kg

> when earthworms resided 28 days in sewage sludge containing 299 to 650
ppm chromium (Hartenstein et al., 1980; Jenkins, 1980). Chromium
concentrations at the Baier site at the 0 to | foot level ranged from
10.5 to 19.5 mg/kg. These concentrations of chromium are below the
concentrations in the sewage sludge in the above example and should
impact the earthworms to a lesser degree than the sewage sludge.

0 Concentrations of lead have been documented in earthworms from
12 mg/kg (dry weight) when the earthworms were collected 18 miles from
a low traffic density area (1,100 vehicles per day) to 2,100 mg/kg
when the earthworms were collected from non-specified uncontaminated
areas (Goldsmith and Scanlon, 1977: Beyer and Moore, 1980; Jenkins,
1980; Beyer and Cromartie, 1987). Lead concentrations at the Baier
site at the 0 to 1 foot level ranged from 16.75 to 58.11 mg/kg.
Making a gross assumption that earthworms will have a body
concentration of lead equal to the concentration of lead in the soils
they inhabit, the earthworms on-site would have whole body
concentrations of 16.75 to 58.11 mg/kg lead. The earthworms on-site
should not be adversely affected by these concentrations of lead
(based on the above assumption) because these concentrations are less
than the concentrations in earthworms collected from uncontaminated
areas.

WCC Project 89(7583-1 January 16, 199]
Ou Pont - Ecological Assessment Page 29



0 Earthworms exhibiting no i11 effects have been found in soils with
concentrations of lead (3,564 mg/kg), arsenic (163 mg/kg), cadmium
(26 mg/kg) and copper (333 mg/kg) (Bengtsson and Tranvik, 1989). The
concentrations of lead, arsenic and cadmium at the Baier site at the 0
to 1 foot level are less than these concentrations; therefare, the
earthworms on-site should not be adversely affected by these metals.

0 Earthworms were collected from soil which was not selenite-enriched
and from selenite-enriched soil. These earthworms exhibited no i1l
effects and had concentrations of selenium ranging from 2.2 mg/kg
(fresh weight) to 7.5 mg/kg, respectively (Gissel-Nielsen and Gissel-
Nielsen, 1973). Selenium concentrations at the Baier site at the 0 to
1 foot level ranged from 0.32 to 0.39 mg/kg. Making a gross
assumption that earthworms will have a body concentration of selenium
equal to the concentration of selenium in the soils they inhabit, the
earthworms on-site would have whole body concentrations of 0.32 to
0.39 mg/kg selenium. The earthworms on-site should not be adversely
affected by these concentrations of selenium (based on the above
assumption) because these concentrations are less than the
concentrations in earthworms collected from selenite-enriched and non
selenite-enriched soils.

0 The lethal concentration of zinc with additive effects of copper, in
soil, to all species of earthworms has been documented at 35,000 mg/kg
(Bengtsson and Tranvik, 1989). The concentration of zinc at the Baier °
site at the 0 to 6 feet level was 2,080.57 mg/kg, well below
35,000 mg/kg; therefore, the earthworms on-site should not be
adversely affected by this metal.

0 The age of the earthworm as well as the length of exposure to the
metal can determine the accumulation rate by the earthworms of the
metals encountered in the soils. This has been documented for lead
(Honda et al., 1984). Therefore, it is reasonable to assume that the
same is true for the other metals of concern.

0 Earthworms may however concentrate some of the metals of concern.
Although earthworms have been documented as having the capability of
concentrating selenium up to 100 times the concentration present in
their environment, they were not adversely affected (Nielsen and
Gissel-Nielsen, 1975; Beyer and Cromartie, 1987).

0 Synergistic, antagonistic and additive effects of metals acting in
concert with each other may affect the potential impact of the metals
of concern on earthworms and consequently their predators. The
uptake of lead in earthworms is affected by its interaction with
calcium. Calcium found simultaneously with lead in soil tends to
suppress lead bioaccumulation (Anderson. 1979: Ireland, 1979; Anderson
and Laursen, 1982). The concentration of zinc in earthworms tends to
decrease with increasing soil metal concentration (Ma, 1982; Morgan,
1985) .
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Based on the above documentation, it appears that the concentrations of the
metals of concern in soils on the Baier site should not present an acute or
chronic threat to earthworms and should not adversely affect them or their
predators. The worm-eating warbler and other worm-eating animals have the
capacity to produce metallothioneins. Birds are protected from deleterious
effects of high metal body burdens by metallothioneins.

Metallothioneins (metal binding proteins) are induced by metal pollution
(Cooke et al., 1979; Suzuki et al., 1980; Morgan and Morris, 1982; Hopkin
and Martin, 1984; van Capelleveen and Faber, 1987) and are thought to be
related to stress proteins which are synthesized to a variety of
environmental stresses (Marx, 1983). The amounts of these metal-binding
proteinaceous metallothioneins and heavy metal loading appear to depend on
the degree of pollution, the species of animal and the position in the food
web (Eisler, 1985). Metallothioneins are responsible for the physiological

mechanism in a variety of animals for metal tolerance.

Although metallothioneins have been documented extensively in mammals,
metallothioneins also occur in several phyla (Hamer, 1986).
"Metallothionein (MT) is a low-molecular-weight, heavy metal-binding
protein which is rich in cysteine but lacks aromatic amino acids and
histidine. MT has been found in many vertebrates and MT or MT-like
proteins occur in several phyla." (page 56 in Hogstrand and Haux, 1990).

Metallothioneins have been documented in various human and animal tissues
(Kagi and Vallee, 1960, 1961; Xagi and Nordberg, 1979; Nordberg et al.,
1972). The occurrence of this protein in mammalian tissues modifies the
toxicity of several elements (Nordberg et al.. 1986). There has been
documented evidence of the detoxication of heavy metais by
metallothioneins (Bremner, 1987; Webb, 1987).

Another terrestrial pathway for the Baier site encompasses voles incidental

ingestion of soil:

soil --- vole.
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A review of the literature concerning the effects of arsenic, cadmium,
chromium, lead, selenium and zinc on this scenario was conducted.

The concentrations of the metals of concern on the Baier site should not
adversely impact voles or other semi-fossorial or fossorial mammals that
incidentally ingest these metals. The concentrations of these metals of
concern at a depth of 0 to 1 foot are arsenic (4.10 mg/kg to 7.75 mg/kg),
cadmium (1.08 mg/kg to 1.07 mg/kg), chromium (10.5 mg/kg to 19.5 mg/kg),
lead (16.75 mg/kg to 58.11 mg/kg), selenium (0.39 mg/kg to 0.32 mg/kg)
(Table 2) and zinc at a depth of 0 to 6 feet (2,080.57 mg/kg) (Table 4).

Literature detailing the effects of the indirect ingestion of chromium,
Tead, and selenium on semi-fossorial mammals was available. This
documentation includes the following information:

0 Cotton rats trapped in a fescue field adjacent to the source of
chromium contamination (cooling towers) contained up to 10 times more
chromium in hair, pelt and bone than control animals; but
accumulations in viscera and other internal organs were negligible.
Licking of the fur by the cotton rats appeared to be the principal
route of uptake (Langard and Nordhagen, 1980). Cotton rats were fed
radiochromium-51 which demonstrated Tow assimilation (0.8 percent) and
rapid initial loss of hexavalent chromium (99 percent in one day)
which suggests that chromium is neither essential to cotton rats nor
accumulated to any great extent through ingestion of drift
contaminated vegetation or inhalation of drift contaminated air
(Taylor, 1980).

0 Lead is typically indirectly ingested through the consumption of an
food item which contains lead shot or pellets (Stendell, 1980; Pattee,
1984) .

0 Selenium concentrations in the livers of small mammals usually are

less than 2 mg/kg (Nielsen and Gissel-Nielsen, 1975; Fleming et al.,
1979; Wren, 1984; Clark, 1979).

Although incidental ingestion of heavy metals by cleaning (licking fur)
appears to be a common route of indirect ingestion, the levels of metals in
the surface soils on-site that semi-fossorial or fossorial mammals are
exposed to are relatively low when compared to levels found in the
literature. These metals appear to either accumulate in the viscera or
skeletal mass or fur, parts of small mammals not typically eaten by
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predators. The effects of the metals of concern on this pathway and on the
food web associated with this scenario are therefore, minimal.

2.3.5.2.2 Sediment Pathway

The principal terrestrial pathway for the worm-eating warbler at the Baier
site is:

sediment --- worm --- worm-eating warbler.

The interaction between the chemicals of concern and sediments closely
parallels the interactions between the chemicals of concern and soils.
Therefore the effects of the chemicals of concern (arsenic, cadmium,
chromium, lead, selenium and zinc) in this scenario through sediments are
likely to be the same as the scenario through soils. The geometric mean
concentrations of the metals of concern in sediments are; arsenic

(5.99 mg/kg), cadmium (1.80 mg/kg), chromium (20.78 mg/kg), lead

(58.25 mg/kg), selenium (0.93 mg/kg) and zinc (145.24 mg/kg) (Table 4).
A1l of these metals (with the exception of arsenic) were detected at
greater concentrations in the soils than the sediments on-site.

2.3.5.2.3 Soil/Vegetation Pathway

The principal terrestrial pathway for the barn owl at the Baier site is:

soil --- vegetation --- vole --- barn owl.

A review of the literature concerning the effects of arsenic, cadmium,

chromium, lead, selenium and zinc on this scenario was conducted.

[t is important to note for this scenario the role the vegetation on-site
assumes. Attempting to characterize the uptake of heavy metals by the
plants on the Baier site is difficult, because vegetation samples were not
collected for metals analysis. Information obtained from the available
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literature was extrapolated and interpreted for the potential effects of
heavy metals on the plant species occurring on-site.

Although several plant species, including grasses, herbs and trees, are
able to evolve tolerance to heavy metals; however, sensitive species or
genotypes (i.e., type species) are supposedly affected by heavy metals at
relatively low concentrations. Generally, zinc is the least toxic of the
heavy metals (Pahlsson, 1989) and several grasses, herbs and tree species
are capable of evolving tolerance to zinc. There are also lead resistant
and lead sensitive plant species including some genetically fixed resistant
species that can grow in soils containing lead up to 10,000 mg/kg (Holl and
Hampp, 1975).

The degree of toxicity of the metals of concern to plants is influenced by
time of exposure, biological availability of the metals and interactions
with other metals in the soils, nutritional status, age and mycorrhizal
infection of the plant. For example, adjusting the soil pH affects the
plant uptake of cadmium, lead and zinc (Massey, 1972; Cavallaro and
McBride, 1978; Kuo and Baker, 1980; Soon, 1981) and reduces plant uptake of
these metals (Honma and Shirata, 1977; Street et al., 1978; Kuo et al.,
1985). Bioavailability of lead in soils for plant uptake is limited but
may be enhanced by reducing soil pH, organic matter content, organic
colloids, iron oxide and phosphorus content and increasing the overall
concentration of lead in soils {NRCC, 1973: Boggess, 1977).

The biocavailability of the metals of concern in soils for plant uptake 1is
influenced by several parameters (NRCC, 1973; Boggess, 1977) and the
ingestion of food containing biologically incorporated heavy metals is
usually unlikely to lead to poisoning in herbivorous or predaceous animals
(Custer et al., 1984; Franson et al., 1983).

The concentrations of the metals of concern on the Baier site should not
adversely affect the vegetation or consequently the voles (herbivores) nor
the barn owl (predator of herbivores). The concentrations of these metals
of concern at a depth of 0 to 1 foot are; arsenic (4.10 mg/kg to
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7.75 mg/kg), cadmium (1.08 mg/kg to 1.07 mg/kg), chromium (10.5 mg/kg to
19.5 mg/kg), lead (16.75 mg/kg to 58.11 mg/kg), selenium (0.39 mg/kg to
0.32 mg/kg) (Table 2) and zinc at a depth of 0 to 6 feet (2,080.57 mg/kg)
(Table 4). These concentrations are within or below documented levels of
these metals in soils, vegetation, herbivores (such as voles) or predators
(e.g., barn owls).

Documentation detailing the metals of concern found in soils, vegetation,
voles (herbivores) and the barn owl (predators) includes the following
information:

0 Cadmium is not known to have any useful function in plants (Pahlsson,
1989). Chemically cadmium is similar to zinc and available cadmium is
easily taken up by plants. A limited transport of cadmium to the
shoots of plants and binding to the cell walls occurs in the roots.
Background levels of cadmium in plants are usually less than 1.0 mg/kg
(Eisler, 1985). When ingested by mammals, cadmium tends to
concentrate in the viscera of vertebrates, particularly the liver and
kidneys.

0 Recorded concentrations of cadmium in the liver and kidneys of the
meadow vole (Microtus pennsylvanicus) collected from fields that
received sewage sludge for four years at a yearly rate of 8,960 kg
sludge/ha (hectare) were compared and contrasted with concentrations
of cadmium in the liver and kidneys of meadow voles collected from
control fields (Maly and Barrett, 1984). The concentration of cadmium
in the livers and kidneys of the voles appeared to be dependent on the
age (reproductive capacity) and sex of the vole. The general trend
was a greater concentration of cadmium in the kidneys and livers of
those voles collected from the fields which received the sewage
studge. These voles exhibited no obvious i1l effects.

c Accumulations of chromium in organisms depends on the chemical torm,
route of entry and amount of chromium ingested (Yamaguchi et al.,
1983). Tissue residues in mice fed 0.1 ppm hexavaient chromium in
food and water during a lifetime of exposure ranged from 0.1 mg/kg
(fresh weight) of chromium in the liver to 0.7 mg/kg in the heart;
mice administered 5.1 ppm hexavalent chromium in a similar experiment
contained 0.5 to 1.8 mg/kg (fresh weight) in tissues, primarily the
heart and spleen (Schroeder et al., 1964).

0 Effects of chromium on biological systems have been investigated in
Kentucky and Tennessee (Taylor and Parr, 1978; Taylor, 1980; Taylor et
al.,. 1975, 1979, 1983). No adverse biological effects were observed
in native vegetation bearing high chromium residues. Chromium
residues in the soils on-site at the Baier site are below those
concentrations typically considered "high".
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0 Diet provides the major pathway for lead exposure and amounts of lead
in bone are indicative of estimated lead exposure and metabolism
(Chmiel and Harrison, 1981). Amounts of whole body lead and feeding
habits of roadside rodents were correlated; body burdens were highest
in insectivores such as shrews, intermediate in herbivores and lowest
in granivores (Boggess, 1977; Getz et al., 1977, Clark, 1979).

o Birds of prey may ingest lead in the form of shot from dead or
crippled game animals or as biologically incorporated lead from lead
poisoned waterfowl, small roadside mammals and invertebrates
(Stendell, 1980; Pattee, 1984). Lead poisoning in carnivorous birds
has been reported in various species of eagles, condors, vultures and
falcons but most if not all cases seem to be the result of the
ingestion of lead shot found in food items (Custer et al., 1984).
Ingestion of food containing biologically incorporated lead, although
contributing to the lead burden of carnivorous birds, is unlikely to
cause clinical lead poisoning (Custer et al., 1984; Franson et al.,
1983). The form of lead that is ingested is crucial in evaluating the
effects of lead ingestion on birds.

0 Accumulation of selenium by plants depends on the species of plant,
environmental conditions, age and rate of plant growth, and the nature
of the selenium compounds (Rosenfeld and Beath, 1964; Johnson et al.,
1967; Girling, 1984).

0 The leaves, roots, stems and seeds often contain very different
concentrations of selenium (Beath et al., 1937; NAS-NRC, 1976).
Because selenium is associated with protein in the plant, leaves
usually contain higher selenium levels than seeds (Ohlendorf, 1989).
The metabolic pathways for selenium are poorly known in plants (NAS-
NRC, 1983). Atlthough selenium is essential in animal nutrition, it
appears to be nonessential for plant growth. Moreover, selenium is
not considered toxic to plants in natural conditions (Ohlendorf,
1989). Rosenfeld and Beath (1964) reported that crop plants are not
injured by selenium until they accumulate more than 300 mg/kg, a
concentration not yet found, even in naturally occurring highly
seleniferous areas of the USA (NAS-NRC, 1983).

0 Selenium concentrations in plant tissues usually decline with
maturity, so the highest levels generally occur in the spring
(Rosenfeld and Beath, 1964; Girling, 1984). Total selenium
concentrations in sail do not necessarily reflect whether plants
growing there will produce toxicity or nutritional deficiency in
animals (Lakin, 1972). Grains and grasses normally do not accumulate
selenium in excess of 50 mg/kg when grown on seleniferous soils (soils
containing between 50 to 100 mg/kg selenium) (Rosenfeld and Beath,
1964). Selenium enters the food chain almost entirely via plants
(NAS-NRC, 1976). Dietary plant selenium is readily absorbed by
animals, up to 100 percent absorption can occur depending on the
chemical form of selenium ingested and the animal species consuming
the food (Glover et al., 1979).
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0 The biological availability of selenium is higher in plant foods than
in foods of animal origin (Lo and Sandi, 1980). The net effect of
soil, plant and animal metabolism is to convert selenium to inert and
insoluble forms such as elemental selenium, metallic selenides and
complexes of selenite with ferric oxides. Therefore bioaccumulation
of selenium within a food chain is not Tikely.

0 Few reports of selenium concentrations in tissues of several species
of wild mammals from freshwater and terrestrial ecosystems exist.
Selenium concentrations in livers of herbivorous wild mammals usually
average less than 2 mg/kg (dry weight) (Nielsen and Gissel-Nielsen,
1975; Fleming et al., 1979; Wren, 1984; Clark, 1987). Concentrations
in raccoons (Procyon lotor; 2.8 mg/kg wet weight) and moles (Talpa
europaea; 2.6 mg/kg dry weight) were higher. Livers of ornate shrews
(Sorex ornatus) (92.7 mg/kg) averaged six times more selenium than
western harvest mice (Reithrodontomys megalotis) (15.5 mg/kg) and 22
times more than voles (4.29 mg/kg) from the same habitat at Kesterson
Reservoir (part of the Kesterson National Wildlife Refuge in Merced
County, California). These differences among species illustrate
species to species differences and how concentrations of selenium
differ with regard to carnivory (ornate shrew) and herbivory (voles)
(Ohlendorf, 1989). The concentrations of selenium within wild animals
is directly related to the animals diet. Herbivores (such as voles)
should have the lowest concentrations of selenium in their body as
compared to granivores (harvest mice) and carnivores (shrews).
Omnivores (such as raccoons and moles) have fairly typical
concentrations of selenium in their bodies, around 2.0 mg/kg.

[t appears that the concentrations of the metals of concern in soils on the
Baier site are not lethal to the vegetation and should not adversely affect
either voles (herbivores) that ingest this vegetation, or barn owls
(predator of these herbivores).

Most herbivores do not ingest roots of plants, therefore cadmium should not
adversely affect most herbivores because cadmium binds to the cell walls of
roots when taken up by plants. Vegetation is not adversely affected by
high levels of chromium residues, and the accumulation of chromium in
mammals through incidental ingestion of chromium was negligible. Lead
accumulation is not great in herbivores and most predators are exposed to
lead through ingesting prey. Selenium enters the food chain almost
entirely via plants and herbivorous mammals typically have concentrations
of selenium within their bodies of (approximately) 2.0 mg/kg, a low level.
Therefore; it appears that a vole should not bioaccumulate these metals of
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concern to an extent that a predator (such as a barn owl), upon ingestion
of the vole, is exposed to deleterious concentrations of heavy metals.

The principal terrestrial pathway for the eastern squirrel at the Baier
site is:

soil --- white oak or hickory trees --- acorns or nuts ---
eastern squirrel.

A review of the Titerature specific to effects of heavy metals on eastern
squirrels was conducted. This review included information pertaining to
concentrations of heavy metals in nuts, and viscera of squirrels. The
uptake and fate of the metals of concern in soils and plants were discussed
in the previous scenario.

The concentrations of the metals of concern on the Baier site should not
adversely affect oak or hickory trees, acorns or nuts, nor consequently the
eastern squirrel. The concentrations of these metals of concern at a depth‘
of 0 to 6 feet are; arsenic (4.10 mg/kg to 6.62 mg/kg in 1989 and

5.84 mg/kg in 1990), cadmium (1.08 mg/kg to 1.20 mg/kg in 1989 and

27.50 mg/kg in 1990), chromium (10.5 mg/kg to 18.66 mg/kg in 1989 and
173.73 mg/kg in 1990), lead (16.75 mg/kg to 20.98 mg/kg in 1989 and
1,176.48 mg/kg in 1990), selenium (0.39 mg/kg to 0.55 mg/kg in 1989 and
7.32 mg/kg in 1990) and zinc (2,080.57 mg/kg in 1990) (Tables 2 & 4).
Available documentation detailing the metals of concern found in aco;ns,
nuts and squirrels includes the following information:

0 Accumulated arsenic is usually distributed throughout plant bodies in
nontoxic amounts (NAS, 1977).

0 Cadmium residues (dry weight) detected in acorns and berries collected
approximately 2.1 km downgradient of two zinc smelters were 1.2 mg/kg
and 0.6 mg/kg when the acorns were collected approximately 9.7
upgradient from the zinc smelters (Beyer et al., 1985).

0 The levels of cadmium in the soils on the Baier site were less than
the mean concentration of cadmium in soil litter (710 ppm), where
berries (1.2 ppm) were grown (Beyer et al., 1985).
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0 Cadmium tends to concentrate in the viscera of vertebrates,
particularly the liver and kidneys. Cadmium concentrations (fresh
weight) in the kidneys of two year old gray squirrels (Sciurus
carolinensis) have been documented at 15.9 mg/kg in urban areas and
2.0 to 4.6 mg/kg in rural areas (Jenkins, 1980). Cadmium
concentrations (fresh weight) in the kidney of red squirrels (Sciurus
hudsonicus) were documented at 7.8 to 17.4 mg/kg and in the liver at
0.7 to 2.0 mg/kg (Jenkins, 1980).

0 Rock squirrels (Spermophilus varieqgatus) with high levels of selenium
concentrated in their kidneys were found at sites with high selenium
concentrations (mean selenium concentration 53 mg/kg) (Sharma and
Shupe, 1977).

0 The major selenium compounds in seeds and forage plants appear to be
selenocystine, selenocysteine, selenomethionine and selenium-
methylselenomethionine (Ohlendorf, 1989). Selenomethionine is the
predominant form of selenium ingested by animals; however, it is not
readily absorbed by animals (Smith et al., 1938).

0 Minimum toxicity has been documented at 250 ug/q in Quercus species
(oak trees) (Jordan, 1975; Burton et al., 1983). Symptoms of zinc
toxicity in plants are decreased leaf chlorophyll content and rate of
photosynthesis (Van Assche et al., 1979; Porter and Sheridan, 1981).

Although ingestion of heavy metals by eating acorns or nuts that have
accumulated these metals through plant uptake and/or have contaminated soil
particles adhering to them appears to be a common route of ingestion, the
levels of metals in the soils on-site that these trees are exposed to

(5.84 mg/kg of arsenic, 27.50 mg/kg of cadmium, 173.73 mg/kg of chromium,
1,176.48 mg/kg of lead, 7.32 mg/kg of selenium and 2,080.57 mg/kg of zinc)
are relatively low when compared to levels found in the literature

(7.4 mg/kg of arsenic in soils within the USA, 710 mg/kg of cadmium in soil
Titter, 3,564 mg/kg lead in soils, and 35,000 mg/kg of zinc in soils. The
concentrations of these metals should not be toxic to the oak or hickory
trees, nor consequently the eastern squirrel. These metals appear to
accumulate in the viscera of eastern squirrels. The ultimate endpoint of
this particular scenario is the human hunter, who does not ingest the
viscera of game animals; therefore, it is unlikely that humans would be
adversely affected by ingesting eastern squirrels from this site.
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The principal terrestrial pathway for the eastern cottontail at the Baier
site is:

soil --- vegetation --- eastern cottontail.

A review of the literature specific to effects of heavy metals on eastern
cottontails was conducted. Information concerning the effects of arsenic
and cadmium on this scenario were available. The uptake and fate of this
metal and the other metals of concern in soils and vegetation were
discussed in previous scenarios.

Documentation detailing arsenic and cadmium concentrations found in eastern
cottontails includes the following information:

0 Arsenic concentrations in grasses from areas not treated with
arsenical pesticides are usually between 0.1 to 0.9 mg/kg (dry
weight). Arsenic concentrations in grasses which have been treated
with arsenical pesticides are typically between 0.5 to 60,000 mg/kg
(dry weight) (Eisler, 1988).

0 The mean concentration of cadmium in soil litter was 710 ppm and the
mean concentration of cadmium in leaves collected from this area was
8.1 ppm cadmium (Beyer et al., 1985).

0 Cadmium concentrations (fresh weight) have been documented in the
liver of eastern cottontails (Sylvilaqus floridanus) up to 21 mg/kg in
the kidneys up to 13.5 mg/kg and in the muscle up to 0.5 mg/kg
(Jenkins, 1980).

Most herbivores do not ingest roots of plants, therefore cadmium should not
adversely affect most herbivores as cadmium binds to the cell walls of
roots when taken up by plants. Vegetation is not adversely affected by
high levels of chromium residues, and the accumulation of chromium in
mammals through incidental ingestion of chromium was negligible. Lead
accumulation is not great in herbivores and most predators are exposed to
lead through ingesting prey. Selenium enters the food chain almost
entirely via plants and herbivorous mammals biocaccumulate selenium at low
levels. Therefore; it appears that an eastern cottontail will not
bioaccumulate these metals of concern to an extent that a predator upon
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ingestion of the eastern cottontail, is exposed to deleterious
concentrations of heavy metals.

Although ingestion of heavy metals by consuming vegetation which has taken
up these metals appears to be a route of incidental ingestion of heavy
metals, the levels of metals in the soils on-site that the vegetation is
exposed to are relatively low when compared to Tevels found in the
literature. The concentrations of these metals should not be toxic to the
vegetation, and consequently the eastern cottontail. These metals appear
to accumulate in the viscera of vertebrates, and presumably eastern
cottontails. The ultimate endpoint of this particular scenario is the
human hunter. Humans do not ingest the viscera of game animals; therefore
it is unlikely that humans would be adversely affected by ingesting eastern
cottontails from this site.

The principal terrestrial pathway for the white-tailed deer at the Baier
site is:

soil --- shrubs and trees --- white-tailed deer.

A review of the literature specific to effects of heavy metals on white-
tailed deer was conducted. Information concerning the effects of arsenic,
cadmium, lead and selenium on this scenario was available. The uptake and
fate of these metals in soils and plants were discussed in previous

scenarios.

Available documentation detailing the metals of concern found in white-
tailed deer includes the following information:

o Lethal doses of arsenic for white-tailed deer have been documented at
between 923 mg/kg to 2,770 mg/kg (Eisler. 1988). Arsenic
concentrations at the Baier site at the 0 to I foot level range from
4.10 to 7.75 mg/kg in the soils. It is unlikely that these low
concentrations of arsenic in the soil on-site will impact the
vegetation to the extent that the arsenic concentrations in the
vegetation will approach the above lethal values.
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0 Cadmium concentrations (fresh weight) have been documented in the
white-tailed deer (0docoileus virginianus) kidney from 0.7 to
11.7 mg/kg, in the muscle at 0.0 to 0.3 mg/kg and in the liver at 0.0
to 0.7 mg/kg (Jenkins, 1980). Cadmium concentrations at the Baier
site at the 0 to 1 foot level range from 1.07 to 1.08 mg/kg in the
soils. It is highly unlikely that these low concentrations will
impact the vegetation on-site to the extent that cadmium
concentrations in the vegetation will approach the above lethal
concentrations.

0 Lead concentrations in white-tailed deer both near a zinc smelter and
100 km from a zinc smelter were documented in Sileo and Beyers (1985)
study. The mean lead concentration {(dry weight) in the:

- feces was 16 mg/kg (range & to 37 mg/kg);

- bone was 9 mg/kg (range 4 to 17 mg/kg);

- teeth was 6 mg/kg (range 3 to 11 mg/kg);

- kidney was 2 mg/kg (range 1 to 3 mg/kg); and

- liver was less than 2 mg/kg in white-tailed deer near the zinc
smelter.

The mean lead concentration (dry weight) in the:

- feces was 8 mg/kg (range 4 to 16 mg/kg);

- bone was 6 mg/kg (range 3 to 11 mg/kg);

- teeth was 2 mg/kg (range 1 to 4 mg/kg);

- kidney was 0.8 mg/kg (range 0.5 to 1 mg/kg); and

- Tiver was less than 0.4 mg/kg in white-tailed deer 100 km away
from the smelter.

Tissue samples collected from the white-tailed deer near the smelter
during this study did not contain elevated levels of lead (Sileo and
Beyer, 1985). The soil litter at this location (near the zinc
smelters) contained 2,700 ppm lead. The concentration of zinc at the
Bajer site at the 0 to 6 feet level was 2,080.57, which is below the
level near the zinc smelter in the above example.

0 Muscle samples from white-tailed deer from Michigan averaged
0.16 mg/kg selenium concentrations (Ullrey et al., 1981). Selenium
concentrations at the baier site at the 0 to 1 foot level ranged from
0.39 to 0.32 mg/kg. It is highly unlikely that these low
concentrations will impact the vegetation on-site to the extent that
selenium concentrations in the vegetation will approach the high
concentrations necessary for the above selenium concentrations present
in muscle tissue of the white-tailed deer.

Usually white-tailed deer do not ingest plant roots, therefore cadmium
should not adversely affect white-tailed deer as cadmium binds to the cell
walls of roots when taken up by plants. Vegetation is not adversely
affected by high levels of chromium residues. and the accumulation of
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chromium in mammals through incidental ingestion of chromium was
negligible. Lead accumulation is not great in herbivores and most
predators are exposed to lead through ingesting prey. Selenium enters the
food chain almost entirely via plants and herbivorous mammals bioaccumulate
selenium at low levels. Therefore, it appears that white-tailed deer will
not bioaccumulate these metals of concern to an extent that it is exposed
to deleterious concentrations of heavy metals.

Although ingestion of heavy metals by consuming vegetation which has taken
up these metals appears to be a common route of indirectly ingesting
metals, the levels of metals in the soils on-site that the vegetation is
exposed to are relatively low when compared to levels found in the
literature. The concentrations of these metals should not be lethal to the
vegetation, nor consequently the white-tailed deer. These metals appear to
accumulate in the viscera of vertebrates, and presumably white-tailed deer.

The uitimate endpoint of this particular scenario is the human hunter.
Humans do not ingest the viscera of game animals; therefore it is unlikely
that humans would be adversely affected by ingesting white-tailed deer from
this site.
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3.0 SCOPE OF EVALUATION MCCARL SITE

3.1 DESCRIPTION OF THE MCCARL SITE

The following description of the area is from site visits and from
summarizing existing OuPont reports including: the Oraft Workplan for the
Focused Ground Water Investigation (WCC, 1989); and the Site
Histories/Chronology of the Baier and McCarl sites (WCC, 1989).

3.1.1 PHYSICAL ENVIRONMENT

The McCarl site is located in Lee County, lowa approximately 1.5 miles
northeast of the Baier site. The McCarl site is located on Chalkridge Road
which is accessed by County Road X-23. The McCarl site (approximately 0.5
acres) is comprised of a highly disturbed area parallel to Chalkridge Road
and a drainage pathway to the north. The average elevation across the
McCarl site is 667 feet above mean sea level with an elevation range from
700 feet above mean sea level along the northeastern ridge to 650 feet
above mean sea level along the northern drainage ditches. Surface water
flows within several drainage pathways into Devils Creek. Access to the
site is controlled by a locked gate.

3.1.1.1 Climate

The climate of the region is the same as the description provided for the
Baier site (section 2.1.1.1).

3.1.1.2 Geology and Soils

The geology and soils at the McCarl site are similar to the geology and
soils discussed in the Baier site (section 2.1.1.2).
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3.1.1.3 Surface Water Hydroloqy

The McCarl site is characterized by an open highly disturbed area parallel
to Chalkridge Road. Immediately north of this disturbed, graded area is a
drainage pathway. Deciduous wooded areas are to the east and north of the
disturbed, graded area. A house is immediately west of the site. The
surface run-off flows either towards the northeast or towards the east
through the wooded areas down the steep slopes into various drainage
pathways. These drainages intersect and eventually lead to intermittent
tributaries of Devils Creek.

3.1.2 ECOLOGY OF THE MCCARL SITE

The McCar]l Site contains few terrestrial and aquatic habitats. Most of the
site has been disturbed and the habitat is conducive to invasive flora.
This area has invasive species such as crabgrass, bermuda grass, queen
annes lace, and wild daisies. The perimeter of the site is characterized
by deciduous woodlands and a ravine. The deciduous woodlands habitat has
stands of oak, hickory and black locust interspersed with cedar and
cottonwood and brushy areas characterized by stands of red sumac.
Artificial property boundaries do not restrict the utilization of habitat
on-site by the local fauna, because animals can not distinguish between
habitat that is located on-site and habitat that is located immediately
adjacent to a site.

3.1.2.1 Aquatic Ecologqy

The aquatic habitats on the McCar] site are restricted to the ephemeral
drainage pathways leading off-site to the intermittent streams that flow
into Devils Creek. This type of drainage path contains water only a very
short time period over an annual rainfall season.

The aquatic habitats on the McCarl site are restricted to the ephemeral

(drainages that lasted a very short time) drainage pathways leading off-
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site to the intermittent streams that flow into Devils Creek. However no
standing water bodies, such as ponds or lakes, are present on the site.

3.1.2.2 Terrestrial Ecology

FLORA

The McCarl site is a disturbed, graded area with a drainage pathway to the
north. This site is characterized by invasive flora, notably crabgrass,
bermuda grass, queen annes lace and wild daisies. The deciduous wooded
area is comprised of sumac and cedar shrubs, stands of white oak, pin oak,
and hickory with cottonwoods, ash and maples comprising the understory.
The woodland habitat at the McCarl site surrounds the disturbed, graded
area to the east, west and north. The wooded habitat surrounding the
disturbed, graded area consists primarily of red sumac shrubs interspersed
with red cedars. White oak, pin oak, hickory and black locust are the
dominant tree species in the deciduous woodiands; the dominant shrub
species on the McCarl site includes red sumac: sedges, cockleburs, ferns,
saw grass, grape vines and plant species tolerant of mesic conditions
(those areas which support vegetation types that require a fair amount of
moisture to survive) are found within the woodlands along the drainage
pathways.

FAUNA

The most conspicuous mammals on the McCarl site are the raccoon (Procyon
lotor) and white-tailed deer (Qdocoileus virginianus). Common rodents

possibly inhabiting the McCarl site inciude:

0 eastern chipmunk (Tamias striatus) found in deciduous forests and
brushy areas;

) eastern gray squirrel (Sciurus carolinensis) inhabits hardwood
forests with nut trees;

0 white-footed mouse (Peromyscus leucopus) prefers woody or brushy
areas;
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0 pine vole (Pitymys pinetorum) inhabits forest floors thick with
deciduous matter;

0 norway rat (Rattus norvegicus) found along building foundations
or beneath rubbish piles; and

0 house mouse (Mus musculus) usually found in buildings.

Other mammals possibly inhabiting the McCarl site include:

0 opossum (Didelphis marsupials) prefers woodlands along streams;

0 shorttail shrew (Blarina brevicauda) inhabits forests, grasslands
and brushy areas:

0 Tittle brown myotis (Myotis lucifiqus) found in hollow trees or
buildings;

0 Indiana myotis (Myotis sodalis) found in hollow trees;

0 red bat (Lasiurus borealis) prefers wooded areas and normally
roosts in trees;

0 big brown bat (Eptesicus fuscus) inhabits caves, crevices, hollow
trees and wooded areas;

0 hoary bat (Lasiurus cinereys) inhabits wooded areas;

0 evening bat (Nycticeius humeralis) is found in buildings and

hollow trees;

0 longtail weasel (Mustela frenata) is not restricted and is found
in all land habitats near water; and

0 striped skunk (Mephitis) inhabits mixed woods, brushland and
semi-open country.

Although it is theoretically possible for the mammals listed above to
inhabit the McCarl site, it is not ecologically expected to find all of
these mammals utilizing the site. The McCarl site lacks the diversity to
support all mammals species listed; for example, the potential exists for
one or two species of bats to inhabit the deciduous woodlands on-site but
it is not possible from an ecological standpoint for all six bat species
listed to inhabit the site. The diversity of species and numbers of
species that inhabit a site are directly correlated to the availability of

diverse habitat. The competitive exclusion principle (also known as the
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Gausian Model states that two closely related species can not coexist when
the habitat is limited) limits the numbers of species that may coexist
within a specific habitat.

Bird species are present whenever their preferred habitat for nesting
and/or feeding is available. The available habitats on-site include the
disturbed, graded area, shrubs and the deciduous woodlands. Species
identified during site visits include; blue jays (Cyanocitta cristata),

starlings (Sturnus vulgaris) and an assortment of sparrows.

Turties, toads and lizards are probably found in the deciduous woodlands on
the McCarl site.

3.1.3 THREATENED AND ENDANGERED SPECIES

The threatened and endangered species for the region which includes the
McCarl and Baier sites are described in section 2.1.3.

3.2 CONTAMINANTS OF CONCERN

3.2.1- CHEMICALS OF CONCERN: SELECTION PROCESS

The selection of chemicals of concern for the McCarl site is the same
process for the Baier site as outlined in section 2.2.1.

3.2.1.1 Chemicals Selected from the Human Risk Assessment

The chemicals that were selected as chemicals of concern in the human
health risk assessment (arsenic, barium, cadmium, chromium, copper,
magnesium, lead, selenium and zinc) were considered for inclusion in the
ecological assessment. Inclusion of chemicals of concern for this
ecological assessment was unfortunately restricted to those compounds which

have been broadly reviewed in the ecological literature.
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3.2.1.2 Chemicals of Concern for the Ecological Assessment

The twelve chemicals selected for this ecological assessment are listed in
Table 5. Three volatile organic compounds (VOCs) (toluene, total xylenes
and ethylbenzene), two semi-volatiles (naphthalene and 2-methylinaphthalene)
and seven metals (arsenic, cadmium, chromium, iron, lead, selenium and
zinc) were selected. The contaminants of concern were selected based on
the same criteria as presented in section 2.2.1.2 for the Baier site.

3.3 ECOLOGICAL EXPOSURE

There are four basic elements in evaluating ecological exposure and they
are presented in section 2.3.

3.3.1 ENVIRONMENTAL TRANSPORT PATHWAYS

An exposure or environmental transport pathway is the mechanism by which
chemicals are transported from a source or sources to a wildlife receptor.
In this ecological assessment the sources are the on-site soils
contaminated by paint wastes.

The volatile organic compounds (VOCs) and metals of concern on-site were
transported through the soils and are found at depths of six feet (Tables 6
& 7). Surface water run-off and percolation are the mechanisms responsible
for the transport of these chemicals of concern. The Remedial :
Investigation/Feasibility Study (RI/FS) contains more detailed information
pertaining to the chemicals of concern.

3.3.2 EXPOSURE POINT IDENTIFICATION

The exposure locations or areas of concern in this ecological assessment
are the points where wildlife receptors can potentially contact the medium
(soil or vegetation) on which the chemicals of concern are deposited. Soil
is tne defined as the medium on the slopes which supports the growth of

vegetation. Wildlife that may contact the air or surface water media are
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not considered at risk in this ecological assessment and these media are
not evaluated as exposure media. There is no fugitive dust from the site,
therefore the air is not considered as an exposure medium. There are no
standing water bodies on-site, therefore the surface water is not
considered as an exposure medium.

3.3.2.1 Soils

Soils are an important exposure medium in this ecological assessment. The
selection of exposure points for soils was based on those locations which
are most ecologically significant in terms of important wildlife species,
such as the worm-eating warbler and their food webs. Worms contact the
soil medium directly through ingestion and indirectly through burrowing.
Worms are i prey item of not only the worm-eating warbler but also shrews,
skunks and opossums.

3.3.2.2 Vegetation

Vegetation was considered as an exposure medium in this ecological
assessment. The exposure areas selected for consideration were those
vegetation communities that were judged to have the highest potential to
impact wildlife. The following scenarios are examples of the importance of
vegetation in food webs:

) Mice ingest a variety of items including the stems and seeds of
grasses, if the chemicals of concern have been taken up by these
forms of vegetation than they are considered an integral part of
the exposure media for the scenarios presented in this ecological
assessment.

0 Raccoons are ubiquitous and omnivorous potentially ingesting nuts
and berries which may have fallen to the ground and been exposed
to soil particles associated with paint wastes; therefore, trees
and bushes are considered as exposure media for the scenarios
presented in this ecological assessment.
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3.3.3 CHEMICAL FATE AND TRANSPORT

The chemical fate and transport for the McCarl site are the same as the
Baier site (section 2.3.3).

3.3.3.1 Soil Concentrations

It was assumed for this ecological assessment that the chemicals of concern
were deposited onto the soil and that soil was subsequently ingested
(either directly or indirectly, via inhalation of particles or by dermal
contact and subsequent cleaning of the exposed area) by the exposed
wildlife.

The 1990 soils data from the McCarl site are presented in Table 6. The
geometric means of the 1990 volatile organic compounds data and semi-
volatiles data are presented in Table 7. The range of geometric mean
concentrations of the VOCs detected on-site include; toluene (0.006 mg/kg
to 4.06 mg/kg), total xylene (0.005 mg/kg to 20.00 mg/kg), ethylbenzene
(0.006 mg/kg to 4.06 mg/kg) and acetone (0.073 mg/kg to 4.05 mg/kg) (Table
7). Acetone is a common laboratory contaminant. The mean concentrations
of toluene, total xylenes and ethylbenzene were calculated incorporating
the detection limits at some depths because of the paucity of the data.

Four semi-volatile compounds were detected in the soils at the McCarl site
(Table 7). Of these compounds the origin of naphthalene and 2-
methyinaphthalene on-site is not known. The other two compounds (benzoic
acid and bis(2-ethylhexyl) phthalate) are ubiquitous in the environment.
The range of geometric mean concentrations of the semi-volatile compounds
detected on-site are; benzoic acid (0.36 mg/kg to 0.56 mg/kg), naphthalene
(0.24 mg/kg to 43.87 mg/kg), bis(2-ethylhexyl)phthalate (0.15 mg/kg to
2.70 mg/kg) and 2-methylnaphthalene (0.63 mg/kg to 27.39 mg/kg).

The available literature concerning potentially hazardous semi-volatile
compounds in the environment and their ecological effects on the
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environment is sparse; therefore, it is difficult to interpret this data as
having a potential adverse impact on the environment.

The 1990 metals data are presented in Table 6. The range of geometric mean
concentrations of the metals of concern detected at the McCarl site
include; arsenic (4.15 mg/kg to 6.18 mg/kg), cadmium (0.92 mg/kg to

20.48 mg/kg), chromium (17.57 mg/kg to 85.58 mg/kg), iron

(19,810.17 mg/kg), lead (28.58 mc kg to 1,026.17 mg/kg), selenium

(0.39 mg/kg to 3.53 mg/kg) and zinc (85.57 mg/kg to 1,561.48 mg/kg) (Table
6). The concentrations of these metals decreased with depth.

One soil exposure point was selected. The worm that ingests soil was
considered an important exposure point because the worm-eating warbler, a
species considered rare by the state of lowa but with no legal status, (and
numerous other worm-eating bird species) ingest worms.

Although the depth of chemicals has been documented at a depth of six feet
because the ingestion of soil by worms is limited to one foot the soil

exposure point is limited in depth.

3.3.3.2 Vegetation Concentrations >

For the purposes of this ecological assessment the chemicals of concern are
assumed to be transported through the soil and incorporated into the edible
portions of vegetation via root uptake of var{ous components from the soil.
In addition, it was assumed that those potentially contaminated plants were
subsequently ingested by the exposed wildlife. However, data are not
available for estimating the contaminant uptake of the vegetation on-site.

Two vegetation exposure points were selected. The barn owl ingesting a
mouse that ingested vegetation was considered an important exposure point
because predatory birds such as the barn owl may occur in this area. The
raccoon ingesting nuts and berries that may have been exposed to the
chemicals of concern was considered an important exposure pathway because

raccoons are omnivorous and appear to be ubiquitous in this area.

WCT Project 89(C7583-1 January 16, 1991
Du Pont - Ecological Assessment Page 52



Although the depth of chemicals has been documented to a depth of six feet
the ingestion of vegetation by mice is limited to one foot because the
vegetation exposure point is limited in depth. We are assuming the depth
of concern with regard to the ingestion of nuts and berries by the raccoon
is six feet because the trees that produce nuts generally have root zones
extending as deep as six feet.

3.3.4 EXPOSURE POINT CONCENTRATIONS

The data for this ecological assessment is qualitative in nature, because
of unknowns such as plant uptake of contaminants, the amount of
contaminants consumed, et cetera, and as a result calculation of specific
concentrations for individual chemicals at the exposure points is not
feasible.

3.3.5 CHEMICAL OR MEDIA UPTAKE ROUTES

Media uptake routes are the final connection between chemical release and
the exposed wildlife. The potential routes include dermal exposure to
contaminated soils and ingestion of contaminated soils and vegetation.
Ingestion was considered the most important route in this ecological
assessment., because biocaccumulation in terrestrial environments most
frequently involves the food chain because general exposure and uptake of
the chemicals of concern from air is considerably less than the general
exposure and uptake from prey.

3.3.5.1 Ingestion Pathway

This pathway is the same for the McCarl site as described for the Baier
site (section 2.3.5.1).

The worm-eating warbler and barn owl are predators at the top of a food
chain and are susceptible to the effects of contaminant bioaccumulation.
The worm-eating warbler (or similar species of songbird) derives a major
portion of its food supply from worms. The barn owl (or a similar
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predatory bird) derives a major portion of its food supply from mice, voles
and snakes. The raccoon is of special interest with regard to
biocaccumulation because it is omnivorous.

Therefore these animals were incorporated into scenarios to evaluate the
potential effects of the chemicals of concern on the food chain. Three
separate scenarios (worm-eating warbler, barn owl and raccoon) were
developed for the exposure pathway analysis to evaluate qualitatively the
effects of the chemicals of concern on these animals. While these
scenarios aid in understanding what ecological effects these compounds of
concern may cause, it is important to note that other variables such as
predation, parasitism, niche competition and unfavorable microclimate may
affect all the hypothetical pathways considerably more than the chemicals
under consideration. Moreover, this site is an extremely small area when
considering the entire ecological system within Lee County.

3.3.5.2 The Terrestrial Pathway

The terrestrial pathway for the McCarl site is the same as described for
the Baier site (section 2.3.5.2).

-

There are three subpathways within the terrestrial pathway. These are the
soil pathway, the sediment pathway and the soii/vegetation pathway. The
six scenarios previously discussed are presented below within their

respective terrestrial pathway.

3.3.5.2.1 Soil Pathway

The principal terrestrial pathway for the worm-eating warbler at the McCarl
site is:

soil --- worm --- worm-eating warbler.

A review of the literature concerning the effects of arsenic, cadmium,
chromium, lead, selenium and zinc on this terrestrial pathway was
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conducted. The documentation detailing the metals of concern found in
soils and in earthworms is presented in section 2.3.5.2.1, the soil pathway
of the Baier site and is the same for the McCarl site.

The geometric mean concentrations of the metals of concern in soils on-site
the McCarl site at a depth of 0 to 1 foot are; arsenic (6.18 mg/kg),
cadmium (20.48 mg/kg), chromium (76.38 mg/kg), lead (1,005.30 mg/kg),
selenium (3.53 mg/kg) and zinc (1,561.48 mg/kg) (Table 6). Most of these
metals (with the exceptions of arsenic and zinc) were detected at greater
concentrations in the soils at the McCarl site than at the Baier site.
However, the concentrations are still within or below documented levels of
metals in soils inhabited by earthworms or within earthworm whole body

samples.

Based on the documentation in section 2.3.5.2.1, it appears that the
concentrations of the metals of concern in soils on the McCarl site are not
lethal to earthworms and should not adversely affect them or their
predators. The worm-eating warbler and other worm-eating animals have the
capacity to produce metallothioneins. Birds are protected from deleterious
effects of high metal body burdens by metallothioneins.

Metallothioneins (metal binding proteins) are induced by metal pollution
(Cooke et al., 1979; Suzuki et al., 1980; Morgan and Morris, 1982; Hopkin
and Martin, 1984; van Capelleveen and faber, 1987) and are thought to be
related to stress proteins which are synthesized to a variety of
environmental stresses (Marx, 1983). The amounts of these metal-binding
proteinaceous metallothioneins and heavy metal loading appear to depend on
the degree of pollution, the species of animal and the position in the food
web (Eisler, 1985). Metallothioneins are responsible for the physiological
mechanism in a variety of animals for metal tolerance.
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3.3.5.2.2 Soil/Veqetation Pathway

The principal terrestrial pathway for the barn owl at the McCarl site is:

soil --- vegetation --- mouse --- barn owl.

A review of the literature concerning the effects of arsenic, cadmium,
chromium, lead, selenium and zinc on this terrestrial pathway was
conducted. The documentation detailing the metals of concern in soils,
vegetation, mice and barn owls is presented in section 2.3.5.2.3, the
soil/vegetation pathway of the Baier site and is the same for the McCarl
site.

The interaction between the chemicals of concern and soils at the McCarl
site closely parallels the interactions between the chemicals of concern
and soils at the Baier site (section 2.3.5.2.1). Therefore the effects of
the chemicals of concern (arsenic, cadmium, chromium, lead, selenium and
zinc) in this scenario at the McCar] site are assumed to be the same as the
scenario at the Baier site.

It is important to note for this scenario the role the vegetation on-site
assumes. Attempting to characterize the uptake of heavy metals by the
plants on the McCarl site is difficult, because vegetation samples were not
collected for metals analysis. Information obtained from the available
Titerature was extrapolated and interpreted for the potential effects of
heavy metals on the plant species occurring on-site.

The concentrations of the metals of concern on the McCarl site should not
adversely affect the vegetation or consequently the mice (granivores) nor
the barn owl (predator of granivores). The concentrations of these metals
of concern at a depth of 0 to 1 foot are; arsenic (6.18 mg/kg), cadmium
(20.48 mg/kg), chromium (76.38 mg/kg), lead (1,005.30 mg/kg), selenium
(3.53 mg/kg) and zinc (1,561.48 mg/kg) (Table 6). These concentrations are
within or below documented levels of these metals in soils, vegetation,

granivores (such as mice) or predators (e.g.. barn owls).
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[t appears that the concentrations of the metals of concern in soils on the
McCarl site are not lethal to the vegetation and should not adversely
affect either mice (granivores) that ingest this vegetation, or barn owls
(predator of these granivores).

Most granivores do not ingest roots of plants, therefore cadmium should not
adversely affect most granivores because cadmium binds to the cell walls of
roots when taken up by plants. Vegetation is not adversely affected by
high levels of chromium residues, and the accumulation of chromium in
mammals through incidental ingestion of chromium was negligible. Lead
accumuiation is very low in granivores and most predators are exposed to
lead through ingesting prey. Selenium enters the food chain almost
entirely via plants and granivorous mammals bioaccumulate selenium at low
levels. Therefore; it appears that a mouse should not bioaccumulate these
metals of concern to an extent that a predator (such as a barn owl), upon
ingestion of the mouse, is exposed to deleterious concentrations of heavy
metals.

The principal terrestrial pathway for the raccoon at the McCarl site is:

soil ---*hickory trees or berry bushes--- nuts or berries --- raccoon.

A review of the literature specific to effects of heavy metals on raccoons
was conducted. This review included information pertaining to
concentrations of heavy metals in nuts, berries and viscera of raccoons.
The uptake and fate of the metals of concern in soils and plants were
discussed in the previous scenarios. The documentation detailing the
metals of concern found in soils, hickory trees or berry bushes and nuts or
berries is presented in section 2.3.5.2.3, the soil/vegetation pathway of
the Baier site and is the same for the McCarl site.

The interaction between the chemicals of concern and soils at the McCarl
site closely parallels the interactions between the chemicals of concern
and soils at the Baier site (section 2.3.5.2.1). Therefore the effects of
the chemicals of concern (arsenic, cadmium, chromium, lead, selenium and
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zinc) in this scenario at the McCarl site are assumed to be the same as the
scenario at the Baier site.

The concentrations of the metals of concern in the soils at the McCarl site
should not adversely affect hickory trees or berry bushes, nuts or berries,
nor consequently raccoons. The concentrations of the metals of concern at
a depth of 0 to 6 feet are; arsenic (6.18 mg/kg to 4.13 mg/kg), cadmium
(20.48 mg/kg to 0.92 mg/kg), chromium (76.38 mg/kg to 17.57 mg/kg), lead
(1,005.30 mg/kg to 28.58 mg/kg), selenium (3.53 mg/kg to 0.39 mg/kg) and
zinc (1,561.48 mg/kg to 85.57 mg/kg) (Table 6).

The additional documentation not presented in section 2.3.5.2.3 detailing
the metals of concern found in raccoons includes the following information:

0 Few reports of selenium concentrations in tissues of several
species of wild mammals from freshwater and terrestrial
ecosystems exist. Selenium concentrations in livers of
herbivorous wild mammals usually average less than 2 mg/kg (dry :
weight) (Nielsen and Gissel-Nielsen, 1975; Fleming et al., 1979;
Wren, 1984; Clark, 1987). Concentrations in raccoons (Procyon
lotor; 2.8 mg/kg wet weight) and moles (Jalpa europaea; 2.6 mg/kg
dry weight) were higher.

Afthough ingestion of heavy metals by eating acorns or nuts that have
accumulated these metals through plant uptake and/or have contaminated soil
particles adhering to them appears to be a common route of ingestion, the
levels of metals in the soils on-site that these trees are exposed to (6.18
to 4.13 mg/kg of arsenic, 20.48 to 0.92 mg/kg of cadmium, 76.38 to

17.57 mg/kg of chromium, 1,005.30 to 28.58 mg/kg of lead, 3.53 to

0.39 mg/kg of selenium and 1,561.48 to 85.57 mg/kg of zinc) are relatively
low when compared to levels found in the literature (7.4 mg/kg of arsenic
in soils within the USA, 710 mg/kg of cadmium in soil litter, 3,564 mg kg
lead in soils, and 35,000 mg/kg of zinc in soils. The concentrations of
these metals should not be toxic to the oak or hickory trees or the berry
bushes, nor consequently raccoons. These metals appear to accumulate in
the viscera of raccoons.
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4.0 ASSUMPTIONS AND UNCERTAINTIES

It is necessary to make assumptions for any ecological assessment.
Identification of assumptions and subsequent uncertainties and their impact
on estimated exposures places the exposure estimates in perspective. High
uncertainty (low degree of confidence in the completeness of the data and
available literature or little available literature) indicates that an
estimated exposure is less accurate and may change with additional
information. Low uncertainty (high degree of confidence in the
completeness of the data and available literature) is an indication that an
exposure estimate is more accurate and probably will not change as more
data are available. Realistic assumptions are those which are
substantiated with a quantity of literature and information or which have a
low level of uncertainty.

In the absence of adequate information the approach taken in this
ecological assessment was to make conservative assumptions to ensure that
exposure estimates were not underestimated. Assumptions were made in the
initial selection of chemicals of concern and the exposure assessment.

When many conservative assumptions are used to develop an overall
assessment the sum of the effect typically results in an overly
conservative assessment. The major assumptions made in this ecological
assessment are presented below with some discussion of their uncertainty or

conservativeness.

4.1 FACTORS WHICH MAY OVERSTATE THE EXPOSURE ESTIMATE

The assumptions made for the selection of chemicals of concern may
overstate the exposure estimate by including chemicals that do not pose an
ecological threat to the environment. The selection of the chemicals of
concern for the ecological assessment were based on the following criteria:

0 The chemicals are considered at Jleast moderately toxic; and
0 The persistence of the chemical in the environment may pose a

potential hazard to biota.

WCC Project 89C7583-1 January 16, 1991
Du Pont - Ecological Assessment Page 59



Assumptions were made for evaluating the ecological exposure of the Baier
and McCarl sites. The ecological exposure was evaluated by identifying
four elements: the environmental transport pathway, identification of the
exposure points, evaluation of the chemical concentrations at the exposure
points and evaluation of the route or exposure pathway of chemical intake
for the wildlife species.

The transport mechanism for the chemicals of concern was assumed to be
percolation and surface water run-off. The exposure locations or areas of
concern are the points where wildlife receptors can potentially contact the
media.

The assumptions made for the fate and transport of the chemicals of concern
may overstate the exposure estimate, these assumptions include:

0 soil concentrations - the chemicals of concern were deposited on
the soil and the soil was subsequently ingested by exposed
wildlife;

0 sediment concentrations - the chemicals of concern were

transported through the soil and into the drainage pathways via
surface water run-off; and

0 vegetation concentrations - the chemicals of concern were
transported through the soils and incorporated into the
vegetation via root uptake of nutrients through the soil and were
assimilated into the edible portions of the plant.

Several assumptions were made regarding the terrestrial pathways approach.
The pathways approach (soil pathway, sediment pathway and vegetation
pathway for the Baier site and soil pathway and vegetation pathway for the
McCarl site) is theoretical and involves many parameters which are
imprecisely known. Actual percent uptake of the contaminants by
vegetation, earthworms, voles, mice, the worm-eating warbler, barn owl,
eastern cottontail, eastern squirrel, white-tailed deer and raccoon are not
known for these sites. Therefore, in order to evaluate the effects of the
chemicals of concern on the various scenarios incorporated into the
pathways approach, data obtained from an extensive lTiterature review was
extrapolated and used in an effort to examine the potential ecological
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Beyer et al. (1985) demonstrated that only a small portion of all metals
measured in the soil become incorporated into plant foliage and suggested
that most of the metal contamination detected in biota was from aerial
deposition. Because aerial deposition is not of concern at the Baier or
McCarl sites it therefore appears unlikely that the concentrations of
metals in the soils on-site will adversely affect the flora and/or fauna.

This ecological assessment is qualitative because data are not available
for the flora and fauna on-site. As a qualitative assessment it is
important to understand that the concentrations of metals in animals can
not be accurately predicted from the concentrations in soil or forest
litter, and the concentration of metals in one species can not be used to
predict the concentration in another without proper knowledge about
differences in diet, digestive system and storage/excretion mechanisms.

The Baier and McCarl sites and areas immediately adjacent to these sites

are not pristine ecological habitats. The land surrounding the Baier site *
is fallow pasture and the habitat defined as the Baier site has progressed
through various stages of succession. The McCarl site is highly disturbed
and characterized by invasive species of flora. The habitat defined as the
McCarl site includes the remnants of an open refuse dump.

Based on the extrapolation of the information concerning the chemicals of
concern obtained from the extensive literature review, and on the
concentrations of the chemicals of concern in the soils on-site; the
evaluation of the potential effects of the chemicals of concern (for which
Jiterature was available) on the wildlife and ecology of the Baier and
McCarl sites is these chemicals do not appear to pose a threat to the
ecology of these sites.
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TABLE 1
BAIER SITE
CONTAMINANTS OF CONCERN
ECOLOGICAL ASSESSMENT

Depth of
Chemical Media Contamination (ft.)
Ethylbenzene Soils 0.5-25
Toluene Soils 0.5-25
Total Xylenes Soils 0.5-25
Naphthalene Soils 0-6
2-Methylnaphthalene Soils 0-6
Arsenic Soils 0.5-25
Sediments 0-1
Cadmium Soils 0.5-25
Sediments 0-1
Chromium Soils 0.5-25
Sediments 0-1
Iron Soils 0.5-25
Sediments 0-1
Lead Soils 0.5-25
Sediments 0-1
Selenium Soils 0.5-25
Sediments 0-1
Zinc Soils 0.5-25
Sediments 0-1
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TABLE 2
BAIER SITE
MAY & JULY 1989 SOILS DATA
GEOMETRIC MEANS FOR
VOLATILE ORGANIC COMPOUNDS (VYOCs) AND METALS

- . _VOCs (my/kg) —

- . Hetals (mg/kqg)

Total Mcthylene
Depth Toluene Ethylbenzene Xylenes Chloride Acetone Z2-Butanone Arsenic Cadmium Chromjum Lead Selenium
FLLED P
0-0.5" 0.006 0.006 0.006 0.006 0.012 NA 4.10 1.08 10.5 16.75 0.39
1-2° 0.082 0.142 0.25% 0.08° 0.152 NA 7.75% 1.073 19.53 58.113 0.323
3.4 ¢.8! 21.16" 92.47" NA NA 10! 7.67¢ 3.92° 34.042 65.122 1.552
(-52.06 1.52 6.03 28.81 NA NA 3.16" 8.15 0.98 33.59 38.46 0.73
5626 1.65 13.38 50.83 NA NA 10 6.62 1.20 18.66 20.98 0.55
6 73:0 1.58 4.85 27.94 NA NA 1.112 5.19 2.23 22.67 37.09 0.6
7-10° 2.91% 9.36° 38.40% NA NA 6.43% 7.563 2.223 39.383 104.453 0.643
142526 1.46 6.65 25.91 NA NA 7.49 5.60 0.96 14.24 6.91 0.48
Notes:

Geometric mean was calculated from two data points.
Geometric mean was calculated from three data points.
Geometric mean was calcutated from four data points.
Geometric mean was calculated from five data points.
May 1989 data
July 1989 data
A - Data not available for this compound.
Data incorporates the detection limit for some samples that were not detectable, particularly the VOCs.

)
2
3
4
5
6
N
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TABLE 3
BAIER SITE
1990 SOILS DATA

GEOMETRIC MEANS FOR VOLATILE ORGAMIC COMPOUNDS (VOCs) AND SEMI-VOLATILE COMPOUNDS

VOCs (mG/hkg)

Depth
(feet) Yoluene Ethylbenzene Jotal Xylenes Nethylene Chloride Acetone 2-Butanone
0-6 0.66° 1.76° 6.813 0.24 0.62° 0.40!
Semi-Volatile Compounds (mg/kg)
Benzoic Di-n-Butyl - bis(2-Ethylhexyl) Di-n-Octyl 2-Rethyl
Acid Naphthalene phthalate Phthalate Phthalate naphthalene
kA
0-6 0.92° 4.87° 0.152 0.39° 0.45" 19.98°
Notes: ; Geomectric mean was calculated from three data points.
3 Geometric mcan was calculated from six data points.
. Geometric mean was calculated from nine data points.
Geometric mean was calculated from ten data points.

Data incorporates the detection (imit
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TABLE 4
BAIER SITE
MAY 1990 DATA

GEOMETRIC MEANS FOR METALS IN SEDIMENT AND DEEP SOILS

Soil Type &

Depth (ft.) Aluminum Arsenic Cadmium  Chromium Iron
Soils Composite 7624 .80 5.84 27.50 173.73 36,124.96
0-2', 2-4", & 4-6'

Sediments 0-1 9522.08 5.99 1.80 20.78 16,759.98
Notes: The geometric means were calculated from six data points.

and selenium.
Concentrations of metals are milligrams per kilogram (mg/kg).

WCC Project 89C7583-1
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1176.48

58.25

Mercury
0.13

0.10

Selenjum
7.32

0.93

Data incorporates the detection limits for some samples that were not detectable, particularly cadmium,

~N
—
3
O

2080.57

145.24
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TABLE 5
MCCARL SITE
CONTAMINANTS OF CONCERN
ECOLOGICAL ASSESSMENT

Depth of
Chemical Media Contamination (ft.)
Toluene Soils 3.5-6
Total Xylenes Soils 3.5-6
Ethylbenzene Soils 3.5-6
Naphthalene Soils 0-6
2-Methylnaphthalene Soils 0-6
Arsenic Soils 0-1
Cadmium Soils 0-4
Chromium Soils 0-4
Iron Soils 0-4
Lead Soils 0-6
Selenium Soils 0-4
Zinc Soils 0-6
WCC Project 8917583-1 January 16, 1991
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TABLE 6
MCCARL SITE
1990 DATA
GEOMETRIC MEANS FOR METALS IN SOILS

Depth (ft.) Aluminum Arsenic Cadmium Chromium Iron Lea
0-1 8,653.48 6.18 20.48 76.38 19,810.17 1,005.30
0-2° NA 4.64 15.66 85.58 NA 1,026.17
2-4° NA 4.15 2.50 24.93 NA 90.88
4-6° NA 4.3] 0.92 17.57 NA 28.58
Notes ; Geometric means were calculated from twenty-seven data points.

Geometric means were calculated from six data points.
NA = Sample was not analyzed for analyte.
The locations of where data were collected were combined.

Mercury
0.11

NA
NA

NA

Selenium

Zinc
1,561.48
1,485.58

186.17

85.57

Data incorporates the detection limits for some samples that were not detectable, particularly cadmium, mercury

and selenium.
Concentrations of metals are milligrams per kilogram (mg/kg).
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TABLE 7
WCCARL SITE
MAY 1990 DATA
GEOMETRIC MEANS FOR VOLATILE ORGAMIC COMPOUNDS (VOCs) AND SEMI-VOLATILE COMPOUNDS IN SOILS

VOCS (mg/kg)
Depth (feet) Iolucne’ Total lxlenez Ethzlbenzenez Acgtgggz
1.5-2.0 0.006 0.005 0.006 0.073
3.5-4.0 0.59 15.12 1.13 2.28
5.5-6.0 4.06 20.00 4.06 4.05

Semi-Volatile Compounds (wg/kq)

Depth (feet) Benzoic Acid3 Iagﬂlhnlene1 bis(Z-EthylhexyL),Phthalate‘ 2-lethqugphthnlene1
0-2 0.56 43.87 2.70 27.39
2-4 0.46 0.24 0.15 0.63
6-6 0.36 2.69 0.86 1.42

Notes: Geometric means were calculated from two data points.
Geometric means were calculated from three data points.
Geometric mean was calculated from four data points.
Geometric mean was catculated from five data points.

The locations of where data were collected were combined.

Data incorporates the detection limits for some samples that were not detectable.
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APPENDIX J

NORMALIZED XRF DATA
CALCULATION FILE (APPROACH)



METHODOLOGY
USED TO CALCULATE
MODIFIED XRF VALUES
FROM LAB ANALYSIS RESULTS

INTRODUCT i ON

The purpose of this discussion is to summarize the methodology used to
modify the McCarl site and Baier site XRF screening results to better match
the laboratory verification results. A comparison of the raw XRF data with
the laboratory results from verification samples and risk assessment
samples revealed a consistent trend by the XRF method to overestimate the
lead content in the soil. While precautions were taken during calibration
of the XRF instrument in the field, such as using spiked soil samples for
calibration standards, other factors may have been introduced that resulted
in overestimation of the actual lead concentration of the soil. One such
factor may be additional fluorescence by zinc, which overlaps with the lead

spectrum.

In order to utilize the many lead XRF results that were collected as part
of the field activities for volume estimation purposes, it was desirable to
correct the XRF results to better reflect the true value of lead in the
soil as determined by laboratory analysis. The correction was accomplished
by using linear regression to modify the raw XRF data. The following
sections discuss the method used to modify the data and present the results
of the linear regression analysis.

INEAR REGRESSION

Linear regression is a statistical method that computes the "best fit" line
through a group of data. The best fit line is a line that minimizes the
errors of deviation from the computed value to the actual value. In
practice the squares of the error values are used so that positive and
negative errors won’t cancel. Because of this the method is also called
least squares. The method computes coefficients to the equation:
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modified XRF = 0.899 (raw XRF) - 164.57
number of data points = 27

Once these formulae have been developed, all XRF data were modified by the
appropriate equation to obtain a set of data which more accurately
reflects, within the statistical constraints of the linear regression
method, the true lead concentrations in the soil.

WCC Project 89C7583-1 October 19, 1990
Du Pont Page 3



REFERENCES

Miller, Irwin and John E. Freund, 1977. Probability and Statistics for
Engineers. Second Edition. Prentice-Hall, Inc. Englewood Cliffs,
New Jersey.

WCC Project 89C7583-1 October 19, 1990
Du Pont Page 4



SUMMARY
OF
XRF SCREENING AND LABCRATORY ANALYSIS

XRF Results Lab Results XRf Results Lab Results
Site (ppm) (ppm) Site (ppm) (ppm)
McCart 147.4 43 B8aier 264 .2 34
McCarl 156.5 69 Baver 206 .1 20
McCarl 200.2 113 Baver 191 24
McCar( 208.6 35 Barer 171.8 28
McCar! 209.9 38 Barer 199 26
McCarl 225.1 49 Barer 2121 32
McCarl 262.7 161 Bater 208.9 3
McCarl 87.19 63 3ater 2C6.3 J
McCart 251 26 Baier 212.4 27
McCart 190.8 24 Saier 153.95 21
McCarl 216.7 41 3aver 197.2 66
McCarl 195.7 47 dater 174 .4 32
McCarl 155.3 42 3aier 209.3 3R
McCarl 139.7 27 Bater 180.3 106
McCart 67.74 28 saler 23 59
McCart 165.3 20 3ater 291.6 341
McCar! 178 29 Baver 267 . 21
McCart 202.7 17 3avrer 1000¢ 16700
McCari 212.4 21 M-rrsk 1130 959
McCarl 106.8 20 M-rrsk 2354 1720
McCarl 231.7 101 M-rigk 5855 3560
McCari 435.8 267 M-rtsk s 3060
McCarl 206 .4 0 M-risk 674 1370
McCart 69.14 0 M-risk 5745 250
M-risk 7170 3180
“M-risk 1561 861 ¢

M-risk 559.9 297

Mgk 2678 1550

M-rsk 489 281

M-~ sk 537.4 1310

M-risk 922.3 a7

M-risk 696 656

M-risk 669.4 474

. M-r1sk 225 1590

M-risk 632.« 2800

M-risk 633.7 566

M-risk 544.9 517

M-rigk 545.4 708

M-risk 1959 1280

M-risk 810.2 718

M-r1sk 532 581

. M-risk 501.9 542
M-risk 2098 1350

M-risk 2586 2290

M-risk 798 «81
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