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TABLE F-7

DOMESTIC WELLS - TAL TOTAL METALS
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TABLE F-8

SURFACE WATER SAMPLES - TAL TOTAL METALS RESULTS
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TABLE F-13

SUMMARY OF XRF AND CLP LEAD RESULTS FOR SOIL SAMPLES

BR301983




TABLEF-13

SUMMARY OF XRF AND CLP LEAD RESULTS FOR SOIL SAMPLES
C & RBATTERY SITE
CHESTERFIELD COUNTY, VIRGINIA

Sample Depth (feet)
Boring 02 . 3.5 6-8 9-11 13-15
No.

XRF ce | xre | cp | xre | cp | xre | cp | xre | cup
50-01 | 2,300 | 1,570 | 6,670 | 2,800 | ND 39 ] ND | NA | ND | NA
5002 | 10290 | 13.500 | 290 | 447 | 1,240 | 180 | 90 | 88 | ND | 129
s0-03 | 650 822 ND 42 ND | NA | ND | NA | ND | NA
s0-04 | ND 168 ND | NA | ND | NA | ND | NA | ND | NA
so-05 | ND 320 | 8460 | 7200 | 350 | 383 | ND | 23 | ND | Na
5006 | 5110 | 2780 | 630 | 369 | no | 177 | no | Na | nND | NA
s0-07 | 21,080 | 19,000 | 680 | 841 | 510 | 99 90 | 141 | NO | 341
50-08 | 76,410 | 43,000 | ND a2 | 1,780 | 1,480 | 590 | 737 | 70 | 247
5009 | 2,290 | 338 | ND 40 ND | NA | ND | NA | ND | NA

50-10 1 20,890 } 23,800 } 17,530 | 13,900 } 3,870 | 1,840 830 944 ND 27

SO-11 § 92,260 § 36,800 § 20,670 1 19,400 § 15520 § 7,720 ND 148 110 834

S0-12 7,280 4,510 650 1,270 650 554 150 77 ND 23

SO-13 | 127,100 | 50,200 | 20,360 | 16,400 | 1,360 | 5,420 ND 77 ND NA

50-14 {134,500 | 122,000 | 17,200 | 14,500 | 970 654 910 312 210 1,110

SQ-15 | 22,520 | 29,400 | 1,580 920 6,830 | 7.510 ND 137 ND NA

SO-16 { 120,400 | 75,100 | 23,600 | 10,400 | 13,680 | 79,400 | 470 622 ND 18

50-17 1 4,860 17,400 ND 43 ND NA ND NA ND 15

50-18 | 14,860 | 23,200 640 | 23,600 560 1,130 ND 42 ND NA
S0-19 | 14,260 8,940 ND 83 ND NA ND NA ND NA
50-20 870 825 ND 566 80 212 60 112 ND 270
$O-21 3350 294 ND 81 ND NA ND NA ND NA
sO-22 | 21,010 938 7,050 | 3,700 ND 26 | ND NA ND NA
$Q-23 ND 37 ND 108 ND NA ND NA ND NA
50-24 ND 16 ND NA ND NA ND NA ND NA
$0O-25 3,880 2,620 3,180 1 4,220 ND 91 ND NA ND NA,
50-26 ND 101 ND NA ND NA NA NA ND NA
50-27 NA NA NA NA NA NA NA NA NA NA
50-28 1,750 2,090 880 | 41,400 ND 28 ND NA ND NA
50-29 ND 75 NA NA NA NA NA NA NA NA
50-30 ND 54 NA NA NA NA NA NA NA NA

AR301984k




TABLEF-13
SUMMARY OF XRF AND CLP LEAD RESULTS FOR SOIL SAMPLES

C &R BATTERY SITE
CHESTERFIELD COUNTY, VIRGINIA
PAGE TWO
Sample Depth (feet)
B%';”Q 20-22 25.27 30-32 35-37 40-42
xkf | cp | xre | cp | xgf | cp | xre | cp | xrF | e
50-01 | NA NA ) NA ] NA ] NA | NA ] Na | NA ] NA | NA
50-02 | NA A | A |l na |l Na | NAa | NA | Na | na | Na
50-03 | NA NA NA | Na | Na | NA | NA | NA | NA | NA
5004 | NA NA NA | NA | NA | NA | NA | NA | NA | NA
$0-05 | ND NA 30 67 | ND '9 | ND | ND | ND | NA
SO-06 NA NA NA NA NA NA NA NA NA NA
50-07 | NA NA T E N E N E S EEEEEY
s0-08 | NA NA | NA ] NA | Na | Na [ vAa | N | Na | Na
50-09 | NA NA NA | NA | NA | NA | NA | NA ] NA | NA
$0-10 | NA NA | NA | NA | NAa | NA | NA ] NA | NA ] NA
s0-11 | NA NA | nAa | NA | NA | NA [ NA | NA | NA | Na
s0-12 | NA NA NA | NA | NA | NA | NA | NA | NA | NA
50-13 | ND NA | ND 56 | ND | NA | N0 | 20 | ND | Na
s0-14 | Na NA NA | NAa | NA | NA | NA | Na | NA | Na
50-15 | NA NA | NA | NA | NA | NA | NA | NA | NA | NA
SO-16 | NA Na | NAa | Na | Na | Na [ na | Na | na ] e
50-17 | ND NA 8 | 157 | ND | 23 | D | NA | ND | NA
50-18 | NA NA NA | NA | Na | NA | NA | NA | NA | NA
50-19 | NA NA NA | NA | NA | NA | NA | NA | NA | NA
50-20 | NA NA NA | NA | Na | NA | NA | NA | Na | NA
s0-21 | NA NA NA | NA | NA | NA | NA | NA | NA | NA
5022 | ND NA ND | NA | ND | ND | ND | NA | ND | NA
50-23 | NA NA | Na | NA | NAa | Na | NA T Na | Na | Na
5024 | NA NA NA | NA | NA | NA | NA | NA | NA | Na
s0-25 | 300 70 | ND | NA | 330 | 262 | ND | 9 | ND | NA
5026 | ND NAa | 170 | NA | N | NA | 130 | NA | WD | NA
5027 | NA NA | NA | 39 | Na | a1 | NA | NA | NA | NA
5028 | ND NA 80 a8 | ND | NA | ND | NA | ND | NA
50-29 | NA NA NA | NA | NA | NA | NA | NA | NA | NA
50-30 | NA NA NA | NA | NA | NA | NA | NA | NA | NA




TABLE F-13

SUMMARY OF XRF AND CLP LEAD RESULTS FOR SOIL SAMPLES

C & RBATTERY SITE

CHESTERFIELD COUNTY, VIRGINIA

PAGETHREE =~ ST T e

Notaes: . el e o T LT e LT

XRF - X-ray fluorescence analytical result {detection limifapproximately 120 mg/kg)
CLP  Contract Laboratory Program analytical result

ND  NotDetected
NA  Not Analyzed




TABLE F-14

SUMMARY OF XRF LEAD RESULTS (MARCH 1989)




TABLEF-14

SUMMARY OF XRF LEAD RESULTS (MARCH 1989)

C&R BATTERY SITE
CHESTERFIELD COUNTY, VIRGINIA
Sample Depth (feet)
Boring
No. .
D-2 3-5 6-8 9-11 13-15 | 20-22 | 25-27 | 30-32. | 35-37 | 40-42
S0-14A NA NA, NA NA NA ND ND ND ND ND
SQO-31 27,200 ND ND ND ND NA NA NA NA NA
(7,680] { [156]
S0-32 20,100 ND ND ND ND NA NA NA NA NA
[24,600] | [33.8]
50-33 200 ND ND ND ND NA NA NA NA NA
{368]
50-34 ND ND ND ND ND NA NA NA NA NA
SO-35 ND ND ND ND ND NA NA NA NA NA
S0O-36 120 ND ND ND ND NA NA NA NA NA
[43.6]
SQ-37 NA NA NA NA NA ND ND ND ND ND

Samples analyzed by the EPA Region il Central Regional Laboratory (CRL).

All results reported in markg.

ND - Notdetected. Detection limit = 100 mg/kg
NA - Not analyzed.
[7,6801 - CLPlead value for same samphng mtervai

AR301988




TABLEF-8

SURFACE WATER SAMPLES - TAL TOTAL METALS RESULTS
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TABLE F-9

SURFACE WATER SAMPLES - TAL DISSOLVED METALS RESULTS
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TABLE F-10

SEDIMENT SAMPLES - TALRESULTS
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TABLEF-13

SUMMARY OF XRF AND CLP LEAD RESULTS FOR SOIL SAMPLES
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TABLEF-13

SUMMARY Of XRF AND CLP LEAD RESULTS FOR SOIL SAMPLES
‘ C & RBATTERY SITE
CHESTERFIELD COUNTY, VIRGINIA

Sample Depth (feet)

No. -2 - -- 3-5 6-8
CcLP
W
13,500 90 g8 ND

B22 ND NA ND NA ND NA

ND 168 ND NA ND NA ND NA

ND 320 350 ND 23 ND NA

$O-06 5,110 2,780 630 369 ND 177 ND NA ND NA

SO-07 | 21,980 | 19,000 680 841 510 99 90 141 ND 341

50O-08 | 76,410 | 43,000 ND 42 1,780 | 1,480 590 737 70 247

50-09 2,290 3,380 ND 40 ND NA ND NA ND NA

SO-10 | 20,890 § 23,800 ] 17,530 ] 13,900 | 3,870 ] 1,840 830 944 ND 27

. SO-11 | 92,260 | 36,800 | 20,670 | 19,400 | 15,520 | 7,720 ND 148 110 834

S50-12 7,280 4,510 650 1,270 650 554 150 77 ND 23
S0O-13 | 127,100 |} 50,200 | 20,360 § 16,400 | 1,360 | 5,420 ND 77 ND NA
SO-14 | 134,500 | 122,000 | 17,200 § 14,500 ) 970 654 910 312 910 1,110
SO-15 ] 22,520 | 29,400 | 1,580 920 6,830 | 7,510 ND 137 ND MNA
50-16 | 120,400 § 75,100 | 23,600 § 10,400 | 13,680 | 79,400 | 470 622 ND 18

s0-17 | ase0 | 17,400 | nD | 43 ND | NA | NO | NA | ND | 15
SO-18 | 14,860 | 23,200 | 640 |23.600] 560 | 1,130 | ND | 42 | ND | NA
SO-19 | 14260 | 8940 | ND | 83 | ND | NA | ND | NA | NO | NA
s020| 870 | 825 | ND | 566 | 8 | 212 | s0 | 112 | NO | 270
so21 | 35 | 204 | nD | s ND | NA | ND | NA | ND | NA
5022 | 21,010 | 938 | 7,050 | 3700 | ND | 26 | ND | NA | ND | NA
s0-23 | ND 37 ND | 108 | NnD | NA | ND | NA | ND | ma
sO-24 | ND 16 nD | NA | ND | NAa | ND | NA | ND | NA
50-25 | 3.880 | 2620 | 3180 | 4220 ] ~D | 91 | ND | NA | ND | NA
5026 | ND 101 ND | NA | ND | NA | NA | NA | ND | NA
5027 | NA NA NA | NA | NA | NA | NA [ NA | NA | Na
50-28 | 1,750 | 2,090 | 880 [41,400| ND | 28 | ND | NA | ND | NA
. 5029 | ND 75 NA | NA | NA | NA | NA | NA | NA | NA
5030 | ND 54 NA | NA | NA | NA | Na | NA | NA | NA
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TABLE £-13 - : '
SUMMARY OF XRF AND CLP LEAD RESULTS FOR SOIL SAMPLES
C &R BATTERY SITE
CHESTERFIELD COUNTY, VIRGINIA
PAGE TWO
Sample Depth (feet)
B‘ﬂ;“g 20-22 25.27 30-32 35.37 40-42
xre | cp | xve | cp | xvr | e | xrF | cte | xme | ce

50-01 | NA NA NA-] NA | NA | NA | NA | NA | NA | NA
50-02 | NA NA NA | NA | NA | NA | NA | NA | NA | NA
50-03 | NA NA NA | NA | NA | NA | NA | NA | NA | NA
50-04 | NA NA NA | NA | NA | NA | NA | NA | NA | NA
SO-05 | ND NA 90 67 ND 19 | nD | ND | ND | NA
50-06 | NA NA NA | NA | NA | NA | NA | NA | NA | NA
5007 | NA NA NA | NA | NA | NA | NA [ NA | NA | NA
S0-08 | NA NA Na | NA | Na | Na | NAa ] Na ]l na | na
5009 | NA NA | NA | NA | NA | NA | NA T NA | NAa | Na
S0-10 | NA NA NA | NA | NA | Na | NA | NA | NA | NA
SO-11 | NA NA NA | NA | ONA | NA | NA | NA | Na | NA
50-12 | NA NA NA | NA | NA | NA | NA | NA ] NA | NA
50-13 | ND NA ND 56 | ND | NA | nD § 20 | ND | nNa
50-14 | NA NA NA | NA | NA | NA | NA | NA | NA | NA
50-15 | NA NA NA | NA ] NA | NA ] NA ] NA | NA | NA
$0-16 | NA NA NA | NA | NA | NA | NA | NA | NA | NA
s0-17 | ND NA 80 157 | ND 22 | N\D | NA | ND | NA
SO-18 | NA NA NA | NA | NA | NA | NA | NA | NA | NA
5019 | NA NA NA | NA | NA | NA | NA | NA | NA | NA
50-20 | NA NA NAa | NA | Na | na [ NA L NA L Na T NA
50-21 | NA NA NA | NA | NA | NA | NA | NA | NA | NA
sa-22 | NO NA NO | NA | ND | No | ND | na | nD | NA
s0-23 | NA NA NA | NA | NA | NA | NA | NA | Na | NA
50-24 | NA NA J NA | NA ] NA | NA J NA § NA | NAa | NA
$0-25 | 300 70 ND | NA | 33 | 263 | ND | 96 | ND | NA
S0-26 | ND NA 170 | NA | ND | NA | 130 | NA | ND | NA
50-27 | NA NA NA | 39 NA | 41 NA | NA | NA | NA
5028 | ND NA 80 88 | ND | NA | ND | Na | ND | NA
5029 | NA NA NA | NA | NA | NA | NA ] NA | NA | NA
S030 | NA NA NA | NA | NA | NA | NA | Na | NA | NA




TABLEF-13

SUMMARY OF XRF AND CLP LEAD RESULTS FOR SOIL SAMPLES
C&RBATTERY SITE

CHESTERFIELD COUNTY, VIRGINIA

PAGE THREE : -

Notes:

XRF  X-ray fluorescence analytical result (detection [imit approximately 120 mg/kg)
CLP  Contract Laboratory Program analytical result

ND Not Detected
NA  Not Analyzed
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TABLE F-14

SUMMARY OF XRF LEAD RESULTS (MARCH 1989)




TABLEF-14

SUMMARY OF XRF LEAD RESULTS (MARCH 1989)
C&R BATTERY SITE
CHESTERFIELD COUNTY, VIRGINIA

. Sample Depth (feet)
Boring
No.
0-2 3-5 6-8 9-11 13-15 | 20-22 | 25-27 | 30-32 | 35-37 | 40-42
SO-14A NA NA NA NA NA ND ND ND ND ND
SO-31 27,200 ND ND ND ND NA NA NA NA NA
[7,680] | [156}
SQO-32 20,100 ND ND ND ND NA NA NA NA NA
[24,600]1' 1 {33.8]
S0O-33 200 ND ND ND ND NA NA NA NA NA
[368]
S0O-34 ND ND ND ND ND NA NA NA NA NA
50-35 ND ND ND ND ND NA NA NA NA NA
S0O-36 120 ND ND ND ND NA NA NA NA NA
[43.6]
SQ-37 NA NA NA NA NA ND ND ND ND ND

Sampies analyzed by the EPA Region Iil Central Regionai Laboratory (CRL).
All results reported in mg/kg. _
- Notdetected. Detection|imit = 100 mg/kg.
- Not analyzed.
{76801 - CLPlead value for same sampling interval.

ND
NA
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APPENDIX G

TOXICOLOGICAL PROFILES
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SECTION
G.1
G.2
G.3
G.4
G5
G.6

G.7
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G.1 ANTIMONY (Clement Associates, inc., 1985)
G.1.1 Heaith Effects

Antimony production has been associated with an increase in lung cancer among exposed workers,
and one inhatation s'tUdy: in rats also indicated that antimony trioxide might produce lung and liver
tumars. Several studiés in bacterial test systems report that various antimony compounds, including
antimony trioxide, antimony trichloride, and antimony pentachioride, may be mutagenic. Reports of
effects on reproduction are limited. Among the effects on reproduction reported for humans are
impairments to the female reproductive system. Feritale workers exposed to metallic antimony dust,
and late spontaneous abortions. Antimony was found in the breast milk, placental tissue, amniotic
fluid, and blood of the umbilical cord in exposed workers. Decreased weight gain was observed in
children born of workers exposed to antimony. The same paper reports a study in which
intraperitoneal administration of antimony produced changes in rats that support the findings of

human reproductive effects.

Cardiovascular changes associated with exposure to antimony represent a serious health effect.
Exposure to either trivalent or pentavalent antimonial compounds can produce electrocardiogram
(ECG) changes in humans. Histopathological evidence of cardiac edema, myccardial fibrosis, and
other signs of myocardial structural damage indicates that antimony may produce even more severe,
possibly permanent myocardial damage in humans. Parallel findings of functional changes in ECG
patterns and of histopathological evidence of myocardial structural damage have also been obtained
in animal toxicity studies. Pneumoconiosis in responsé to inhalation exposure and dermatitis in
response to skin exposure have also been observed among individuals exposed to antimony or its

compounds. , . . R

G.1.2  Toxicity to Wildlife and Domestic Animals

Tests with antimony potassium tartrate and antimony trichloride in Daphnia _magna reveal no
difference in the toxicity of these two compounds. The LCgy and ECgp values for Daphnia magna and
the fathead minnow, both freshwater species, range from 9,000 to 21,900 ug/liter. Chronic values for
the fathead minnow and Daphnia magna are 1,600 and 5,400 ug/liter, respectively. Acute-chronic
ratios for the fathead minnow and Daphnia magna are 14 and 3.5, respectively. The freshwater alga

Selenastrum capricornutum is more sansitive than the animal species tested, with a 96-hour ECsg of

610 ug/liter for inhibition of the synthesis of chlorophyll 3. No detectable bioconcentration of
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antimony by the bluegill was observed. No definitive data concerning the toxicity of antimony to

saltwater species or to other wildlife or domestic animals are avaitable.

G.2 ARSENIC (Clement Associates, Inc., 1985)

G.2.1 Health Effects

Arsenic has been implicated in the production of skin cancer in humans. There is also extensive
evidence that inhalation of arsenic compounds causes lung cancer in workers. Arseni¢c compounds
cause chromosome damage in animals, and humans exposed to arsenic compounds have been
reported to have an elevated incidence of chromosome aberrations. Arsenic compounds have been
reported to he teratogenic, fetotoxic, and embryotoxic in several animal species, and an increased
incidence of multiple malformations among children born to women occupationally exposed to
arsenic has been reported. Arsenic compounds also cause noncancerous, possibly precancerous, skin
changes in exposed individuals. Several cases of progressive polyneuropathy involving motor and
sensory nerves and particularly affecting the extremities and myelinated long-axon neurons have
been reported in individuals occupationally exposed to inorganic arsenic. Polyneuropathies have also

heen reported after the ingestion of arsenic-contaminated foods.

G.2.2  Toxicity to Wildlife and Domestic Animals

Various inorganic forms of arseni¢"appear to have similar levels of toxicity; they all seem to be much
more toxic than organic forms. Acute toxicity to adult freshwater animals occurs at levels of arsenic
trioxide as low as 812 ug/liter and at levels as low as 40 ug/fiter in early life stages of aquatic
organisms. Acute foxicity to saltwater fish occurs at levels around 15 mg/liter, while some
invertebrates are affected at much lower levels (508 ug/liter). Arsenic toxicity does not appear 10
increase greatly with chronic exposure, and it does not seem that arsenic is bioconcentrated to a great

degree. . e , , . . S

Arsenic poisoning is a rare but not uncommon toxic syndrome among domestic animals. Arsenic
causes pyperemia and edema of the gastrointestinal tract, hemorrhage of the cardiac aerosal surfaces
and peritoneum, and pulmonary congestion and edema; and it may cause liver necrosis. information

on arsenic toxicity 1o terrestrial wiidiife was not reported in the literature reviewed.
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G.3 CADMIUM (Clement Associates, Inc., 1985)
G.3.1 Health Effects

There is suggestive evidence linking cadmium’ with cancer of the prostate in humans. In animal
studies, inhalation exposure to ¢cadmium caused lung tumors i;n rats, and exposure by injection
produced injection-site sarcomas and/or Leydig-cell tumors. An increased incidence of tumors has not
been seen in animals exposed to cadmium orally, but four of the five available studies were

inadequate by current standards.

The evidence from a large number of studies on the mutagenicity of cadmium is equivocal, and it has
been hypothesized that cadmium is not directly mutagenic but impedes repair. Cadmium is a known
animal teratogen and reproductive toxin. It has been shown to cause renal dysfunction in both
humans and animals. Other toxic effects attributed to cadmium incilude immunosuppression (in
animals), anemia (in humans), pulmonary disease (in humans), possible effects on the endocrine

system, defects in sensory function, and bone damage. The oral LDsg in the rat was 225 ma/kg.

G.3.2 Toxicity to Wildlife and Domestic Animals

Laboratory experiments suggest that cadmium may have adverse effects on reproduction in fish at

levels present in lightly to moderately poiluted waters.

The acute LC5q for freshwater fish and invertebrates generaily ranged from 100 to 1,000 ug/titer;
salmonids are much more sensitive than other organisms. Saltwater species were in general 10-times
more tolerant to the acute effects of cadmium. Chronic tests have been performed and show that
cadmium has cumulative toxicity and acute-chronic ratios that range from 66 to 431.
Bioconcentration factors were generally less than 1,000 but ware as high as 10,000 for some
freshwater fish species. : : e

No adverse effects on domestic or wild animals were reported. . .. .
G.4 {EAD {Clement Associates, inc., 1985)

G.41 Health Effects

There is evidence that several lead salts are carcinogenic in mice or rats, causing tumors of the kidneys

after either oral or parenteral administration. EPA has classified lead as a probable human
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carcinogen via the inhalation route of exposure. There is equivocal evidence that exposure to lead
causes genotoxicity in humans and animals. The available evidence indicates that lead presents a
hazard to reproduction and exerts a toxic effect on conception, pregnancy, and the fetus in humans

and experimental animals.

Many lead compounds are sufficiently soluble in body fluids to be toxic. Exposure of humans or
experimental animals to iead can resuit in toxic effects in the brain and central nervous system, the
peripheral nervous system, the kidneys, and the hematopoietic system. Chronic¢ exposure to inorganic -
lead by ingestion or inhalation can_cause lead encephalopathy, and severe cases can result in
permanent brain damage. Lead poisoning may cause peripheral neuropathy in adults and children,
and permanent learning disabilities that are clinically undetectable in children may be caused by
exposure to relatively low levels. Short-term exposure to lead can cause reversible kidney \damage.
but prolonged exposure at high concentrations may result in progressive kidney damage and possibly
kidney failure._ Anemia, due to inhibition of hemoglobin synthesis and a reduction in the life span of
circulating red blood cells, is an early manifestation of lead poisoning. Several studies with

experimental animals suggest that lead may interfere with various aspects of the immune response.._

G.4.2 Toxicity to Wildlife and Domeastic Animals

Freshwater vertebrates and invertebrates are more sensitive to lead in soft water than in hard water.
At a hardness of about 50 mg/liter CaCQ3, the median effect concentrations for nine families range

from 140 g/liter to 236,600 ug/liter. Chronic values for Daphnia magna and the rainbow trout are

12.26 and 83.08 ug/liter, respectively, at a hardness of about 50 mg/liter. Acute-chronic¢ ratios
calculated for three freshwater species ranged from 18 to 62. Bioconcentration factors, ranging from
42 for young brook trout to 1,700 for a snail, were reported. Freshwater algae show an inhibition of
growth at concentrations above 500 ug/liter.

Acute values for twelve saltwater species range from 476 ug/liter for the common mussel to
27,000 ug/liter for the soft-shell clam. Chronic exposure to lead causes adverse effects in mysid
shrimp at 37 ugfiter, but not at 17 ug/liter. The acute-chronic ratio for this species is 118. Reported
bioconcentration factors range from 17.5 for the Quahog clam to 2,570 for the blue mussal.

Saltwater algae are adversely affected at approximate lead concentrations as low as 15.8 ug/liter.
Although lead is known to occur in the tissue of many free-living wild animals, including birds,

mammals, fishes, and invertebrates, reports of poisoning usually involve waterfowl. There is evidence

that [ead, at concentrations occasionally found near roadsides and smelters, can eliminate or reduce
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populations of bacteria and fungi on {eaf surfaces and in soil. Many of these microorganisms piay key

roles in the decomposer food chain.

Cases of lead poisoning have been reported for a variety of domestic animals, including cattie, horses,
dogs, and cats. Several types of anthropogenic sources are cited as the source of lead in these reports.
Because of their curiosity and their indiscriminate eating habits, cattle experience the greatest

incidence of lead toxicity among domestic animals.
G.5 .  NICKEL (Clement Associates, Inc., 1985)
G.5:1  Health Effects

There is extensive epidemiological evidence indicating excess cancer of the lung and nasal cavity for
workers at nickel refineries and smeltars, and weaker evidence for excess risk in workers at nickel
electroplating and polishing operations. Nickel is a Class A carcinogen. Respiratory tract cancers have
occurrad in excess at industrial facilities that are metallurgically diverse in their operations. The nickel
compounds that have been impiicated as having carcinogenic potential are insoluble dusts of nickel
subsulfide and nickel oxides, the vapor of nickel carbonyl, and soluble aerosols of nickel sulfate,
nitrate, or chloride. Inhalation studies with experimental animals suggest that nickel subsulfide and
nickel carbonyl are carcinogenic in rats. Evidence for the carcinogenicity of nickel metal and other
compounds is relatively weak or inconclusive. Studias with experimental animals indicate that nickel
compounds can also produce various types of malignant tumors in experimental animais after
administration by other routes, including subcutaneous, intramuscular, implantation, intravenous,
intrarenat, and intrapleural. Carcinogenic potentiat is not strongly dependent on route ar site of
administration, but appears to be inversely related to the solubility of the compounds in aqueous
media. Insoluble compounds, such as nickel dust, nickel sulfide, nickel carbonate, nickel oxide, nickel
carbonyl!, and nickelocene are carcinogenic, whereas soluble nickel salts such as nickel chioride, nickel

sulfate, and nickel ammonium sulfate, arenot. . ... . _

Mammalian cell transformation data indicate that several nickel compounds are mutagenic and can
cause chromosomal alterations. The availabie information is inadequate for assessing teratogenic

and reproductive effects of nickel in humans and experimental animais.

Dermatitis and other darmatological effects are the most frequent effects of exposure to nickel and
nickel-containing compounds. The dermatitis is a sensitization reaction. Most information regarding
acute toxicity of nickel involves inhalation exposure to nickel carbonyl. Clinical manifestations of

acute poisoning include both immediate and delayed symptoms. Acute chemical pneumonitis is
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produced, and death may occur at exposures of 107 mg/m3 for 30 minutes. Rhinitis, nasal sinusitis,
and nasal mucosal injury are among the effects reported among workers chronically exposed to
various nickel compounds. Studies with experimental animals suggest that nickel and nickel

compounds have relatively low acute and chronic oral toxicity.

G.5.2 Toxicity to WIIdiife and Domestic Animals

in freshwater, toxicity depends on hardness; nickel tends to be more toxic in softer water. Acute
values for exposure to. a variety of nickel salts, expressad as nickel, range from 510 pg/liter for

Daphnia magna to 46,200 ug/liter for banded killifish at comparable hardness levels. Chronic values

range from 14.8 ug/liter for Daphnia magna in soft water to 530 ug/liter for the fathead minnow in
hard water. Acute-chronic ratios for Daphnia magna range from 14 in hard water to 83 in soft water,
and are approximately 50 in both hard and soft water for the fathead minnow. Residue data for the
fathead minnow indicate a bioconcentration factor of 61. Freshwater algae experience reduced

growth at nickel concentrations as low as 100 ug/liter.

Acute values for saltwater species range from 152 ug/liter for mysid shrimp to 350,000 ug/liter for the
mummichog. A chronic value of 92,7 ugfliter is reported for the mysid shrimp, which gives an acute-
chronic ratio of 5.5 for the species. Reduced growth is seen in saltwater algae at concentrations as
low as 1,000 ug/liter. Bioconcentration factars ranging from 299 to 416 have been reported for the

oyster and mussel.
G.6 SILVER (Clement Associates, Inc., 1985)
G.6.1 Health Effects

Only equivocal evidence exists to suggest that silver has carcinogenic activity in experimental animais.
Silver implants and injected colloidal suspensions are reported to produce tumors or hyperplasis at
the site of application in several studies. However, it is suggested that the effects are due to the
physical form of the metal or to its action as an exogenous irritant. There are no studies to suggest
that silver is carcinogenic in humans. Silver does not appear to have significant mutagenic or

teratogenic activity in humans or experimental animals,

Silver can be absorbed in humans by inhalation or ingestion. The most common and most noticeabie
effects of excessive absorption are a local or generalized impregnation of the tissues referred to as
argyria_ In cases of argyria, accumulation of silver can result in a blue-gray pigmentation of the skin,

hair, internal organs, and conjunctiva of the eye. Large oral does of silver compounds may produce
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serious effects in humans. For example, silver nitrate can cause violent abdominai pain, vomiting, and
convulsions, and ingestion of 10 grams is reported to usually be fatal. Lesions of the liver, kidney,

bone marrow, and lungs have aiso been attributed to industrial or medicinal exposure.

Intravenous administration of silver nitrate is reported to produce pulmonary edema and congestion
in experimental "éﬁ'm‘l_ats.h Liver and kidney damage, central nervous system effects, and death have
also been reported in experimental animals exposed to various silver compounds. The intraperitoneal
LDsgq (30 days) for silver as the nitrate in male Swiss albino mice is 13.9 mg/kg. Rats exposed to silver in
their drinking water for 11 months showed no toxic effects at concentrations less than 0.4 mg/liter.
Hemorrhaging occurred in the kidneys at 0.4 mg/liter. Conditioned reflex activity and immunclogical
resistance were lowered, and brain nucleic acid content was increased at 0.5mg/liter. Numerous
physioclogical changes, including growth depression, and pathomorphological changes in the liver,

kidney, stomach, and small intestine were évidentin rats exposed to 20 mg/liter for 5 months.

G.6.2 Toxicity to Wildlife and Domestic Animals

Acute toxicity values for freshwater invertebrates range from 0.25 ug/liter for Daphnia magna to
4,500 ug/liter for the scud Gammarus pseudolimnaeus. Acute values for fish range from 3.9 ug/liter

for the fathead minnow in soft water to 280 ug/liter for rainbow trout in hard water. In fresh water,
the acute toxicity of Silver appears to decrease as hardness increases. Soluble compounds, such as
silver nitrate, are generally much more toxic than insoluble compounds. Chronic values ranging from
2.6 to 29 ug/liter are reported for Daphnia magna. Two early life stage studies with rainbow trout
report chronic values of 0.12 ug/liter. Acute-chronic ratios for Daphnia magna and rainbow trout are
2.0 and 54, respectively. Fresh water aquatic plaints appear to be more resistant to silver than the

more sensitive animals.

Acute values for saltwater organisms range from 4.7 ug/liter for the summer flounder to 1,400 ug/liter
for the sheepshead minnow. A chronic value of 18 ng/liter, and an acute-chronic ratio of 14 is

reported for the mysid shrimp.

Reduced cell numbers are observed in the saltwater alga Skeletonema costatum after exposure to
130 ug/liter of silver.

Excess silver can induce selenium, vitamin E, and copper deficiency symptoms in animals fed adegquate
diets, and can aggravate deficiency symptoms in animals whose diets lack one or more of these

nutrients. These effects are reported in dogs, sheep, pigs, chicks, turkey poults, and ducklings.
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G.7 ZINC (Clement Associatas, inc., 1985) !
G.71 Health Effects

Testicular tumors have been produced in rats and chickens when zinc salts are injected
intratesticularly, but not‘when other routes of administration are used. Zinc may be indirectly
important with regard to cancer since its presence seems to be necessary for the growth of tumors.
Laboratory studies suggest that aithough zinc-deficient animals may be more susceptible to chemical
induction of cancer, tumor growth is slower in these animals.. There is no evidence that zinc
deficiency has any etiological rofein human cancer. There are no data available to suggest that zinc is
mutagenic or teratogenicin animals or humans. =
Zinc is an essential trace element that is invoilved in enzyme functions, protein synthesis, and
carbohydrate metabolism. Ingestion of excessive amounts of zinc may cause fever, vomiting, stomach
cramps, and diarrhea. Fumes of freshly formed zinc oxide can penetrate deep into the alveoli and
cause metal fume fever. Zinc oxide dust does not produce this disorder. Contact with zinc chloride
can cause skin and eye irritation. Inhalation of mists or furmes may irritate the respiratory and
gastrointestinal tracts. Zinc in excess of 0.25 percent in the diet of rats causes growth retardation,

levels below 0.25 percent.

Studies with animals and humans indicate that metabolic changes may occur due to the interaction of
zinc and other metals in the diet. Exposure to cadmium can cause changes in the distribution of zinc,
with increases in the liver and kidneys, organs where cadmium also accumulates. Excessive intake of
zinc may cause copper deficiencies and result in anemia. Interaction of zin¢ with iron or lead may aiso

lead to changes that are not produced when the metals are ingested individually.

G.7.2 Toxicity to Wildiife and Domestic Animais

Zing produfes acute toxicity in freshwater organisms over a range of concentrations from 90 to
58,100 ug/titer and appears to be less toxic in harder water. Acute toxicity is similar for freshwater
fish and invertebrates. Chronic toxicity values range from 47 to 852 ug/liter and appear to be
relatively unaffected by hardness. A final acute-chronic ratio for freshwater species of 3.0 has been
reported. Although most freshwater plants appear to be insensitive to zinc, one species, the alga
Selenastrum capricornutum, exhibited toxic effects at concentrations from 30 to 700 ug/liter.
Reported acute toxicity values range from 2,730 to 83,000 ug/liter for saltwater fish and from 166 to
55,000 ug/iiter for invertebrate saltwater species. Zinc produces chronic toxicity in the mysid shrimp
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at 166 ng/liter. The final acute-chronic ratic for saltwater species is 3.0. Toxic effects are observed in
. saltwater plant species at zin¢ concentrations of 50 to 25,000 ug/liter. Bioconcentration factors of
edible portions of aquati¢ drganismis range from 43 for the soft-shell clam to 16,700 for the oyster.

Zinc poisoning has occurred in cattfe. In one outbreak, poisoning was caused by food accidentally

contaminated with zinc at a ¢oncentration of 20 g/kg. An estimated intake of 140 g of zinc per cow
per day for about 2 days was reported. The exposed cows exhibited severe enteritis, and some died or
had to be slaughtered. Postmortem findings showed severe pulmonary emphysema with changes in
the myocardium, kidneys, and liver. Zinc concentrations in the liver were extremely high. Based on
relatively limited data, some researchers have speculated that exposure to excessive amounts of zinc
may constitute a hazard to horses. Laboratory studies and findings in foals living near iead-zinc
smelters suggest that excessive axposure to zin¢ may produce bone changes, joint afflictions, and
lameness. In pigs given dietary zinc at concentrations greater than 1,000 mg/kg, decreased food
intake and weight gain were observed. At dietary levels greater than 2,000 mg/kg, deaths occurred
as soon as 2 weeks after exposure. Severe gastrointestinal changes and brain damage, both of which
were accompanied by hemaorrhages, were observed, as well as changes in the joints. High

concentrations of zing were found in the liver,

R332927 . oLTII TN Ut LI T LTge ST T o ﬁRBﬁZG hs‘_




APPENDIX H

_RISK ASSESSMENT CALCULATIONS




TABLE OF CONTENTS
SECTION
H.1 RISKS FROM EXPOSURE TO FUGITIVE DUST
H.2 RISK FROM INGESTION OF SOIL
H.3 RISKS FROM GROUNDWATER USE
0332927 T ST o L BT - -

AR3020LT




APPENDIX H.1

RISK FROM EXPOSURE TO FUGITIVE DUST
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APPENDIX H.2

RISK FROM INGESTION OF 50IL




APPENDIX H.2.1

INGESTION OF SOIL - SURFACE SOILS
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APPENDIX H.2.2

INGESTION OF SOIL - DEBRIS PILES
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GROUNDWATER EXPOSURE - DEBRIS PILES
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APPENDIX |

C&R BATTERY AIR QUALITY
* MODELING ANALYSIS FOR
FUGITIVE DUST EMISSIONS




.1 INTRODUCTION

This section presents a description of the air quality modéling étudy conducted to estimate ambient
lead and arsenic concentrations at exposure point% located beyond the C&RBattery property

boundary. Ambient concentrations were estimated using a predictive air quality model approved by
the U.S. Environmental Protection Agency (EPA). The environmental exposure pathway addressed in
this study pertains to the erosion of contaminated surface soil by wind to offsite locations.

1.2 MODELING PROTOCOL

1.2.1 Model Selection , . - o

The C&RBattery Site is located on essentially flat terrain in Chesterfield County, Virginia,
approximately 6 miles southeast of Richmond, as shown in Figure I-1. The site is located on a 4.5-acre
tract of land, approximately 1,260 feet in the north-south direction, and between 100 and 190 feet
wide. Figure i-2 depicts the general site layout.

The purpose of this study is to address sita soil emissions that will resuit from wind erosion. Emissions
. of this nature are commonly referred to as fugitive dust. Fugitive dust usually refers to the dust put
into the atmosphere by the wind blowing over areas with little or no vegefation. Fugitive emissions
include emissions resuiting from a site, such as the C&R Battery Site. Where such fugitive emissions
can be properly specified, the Industrial Source Complex {IS¢) medel is recommended (EPA, 1986,
1987).

The ISC dispersion model combines various aigorithms that can be used to assess the air quality impact
of emissions from a wide variety of sources associated with an industrial complex. The ISC model can
be used to estimate ambient particulate concentrations and dry deposition. The model can be used in
either the short-term or the long-term modes. For the purpose of this study, the 1SClong-term (ISCLT)
mode has been selected because it can calculate concentration values relative to long-term (annual)
National Ambient Exposure and Applicable Air Quality Standards (NAAQS). At the present time, lead
is regulated on a calendar quarter basis. Quértérly ambient coné_edtféiions of Iéad cannot exceed
1.5 pg/m3. No NAAQS currently exists for arsenic. S '

The ISCLT is a sector-averaged model that uses statistical wind summaries to caiculate seasonal

(quarterly) and/or annual concentration or deposition values. The model will accept the following
. source types: stack, area, and volumae.

o332927 SR - AR302102
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.2.2 Model Options _

The ISCLT model contains a number of options that are designed to consider complicated source
configurations and special atmospheric effects. In this study, the regulatory default option was
selected. This option automatically selects stack tip downwash, final-plume rise, buoyancy-induced
dispersion, the default vertical potential temperature gradient and appropriate wind profile

exponents. - I

The ISCLT model can be used in either the rural or urban mode. Each option assigns rural or urban
dispersion coefficients. Two procedures, based on land use or population density, are used to

determine the application of urban or rurai dispersion coefficients (EPA, 19886).

Land use characteristics within a one (1) kilometer (km} square area of the C&R Battery Site were
reviewed in accordance with procedures specified by EPA using the Auer Method (EPA, 1986). A
review of the area using the Drewrys Bluff, Virginia, 7.5 minute series topographic map indicate that
less than 25 percent of the total area within one (1) square km can be classified as urban. Therefore,

the rural option was used to model fugitive emissions from the site.
1.2.3 Source Emissions & . -

As discussed previously, the source of emissions examined in this study pertains to wind erosion of
lead and arsenic from ¢ontaminated surface soil. Results of onsite and laboratory analysis of surface
soil lead and arsenic concentrations were used to estimate emissions from various locations within the
site area. Because of the large spatial variation of surface soil lead concentrations, it was decided to
divide the entire site into fifty-four 100-square-foot areas and assign individual emission rates
{g/sec/m2) to each area source. An illustration of the 54 area sources overlying the site is shown in

Figure -3, - b e e e

Lead concentrations are shown in Figure I-4 and ranged from 120 mg/kg to 122,000 mg/kg. Arsenic
concentrations ranged from 2.9mg/kg to 68mg/kg and are depicted in Figure!-5. Further
information regarding the surface soil analyses are contained in Sections 4.1 and 4.2 of this report.

Individual emission rates for each area source were developed in a stepwise manner. Methods
(EPA, 1985) are available for éstimating the total suspended particulate (TSP} emissions that result
during disturbances by strong winds over open ground areas. For emissions from wind erosion, the
following TSP emission factor equation is recommended:

D332927 ' S ' AR302i05
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® HEIE

where E = TSP emission factor {ib/day/acre)
s = siltcontentofsoil (%) = 75%
= number of days with > 0.25mm (0.01 inch) of precipitation = 114 days
f = percentage of time that the unobstructed wind speed exceeds 5.4 m/se¢ (12 mph)
= 12.4%

The coefficient in the above equation is based on sampiing of emissions from a sand and grave! area.
Sitt content was obtained from surface soil samples using the ASTM-C-136 method and was assumed
to be uniform over the site area. The number of days with precipitation > 0.01 in was obtained from
climatological data compiled for Richmond, Virginia (Ruffner and Bair, 1977). The frequency of wind
speed exceeding 12 mph was obtained from a 10-year (1964-1973) statistical summary compiled for
Richmand, Virginia. Substitution of these values into the above equation resuited in an emission’
factor of 75.05 pound/day/acre {0.39 g/sec/acre). This TSP emission factor converts to 9.8 E-05 g/sec-m2

for each 100-square-foot area.

Estimates of lead and arsenic emissions for each area source were made by multiplying the TSP

. emission factor by the mean percent lead and arsenic content estimatad for each area source. Mean
percent content was determined by averaging the actual soil analysis concentrations reported within
each individual area source. When soil analysis poimts did not fall within the 100-square-foot area,
lead content was estimated from isoconcentrations drawn within the area source. A listing of the
mean percent lead and arsenic for each area source is given in Tables -1 and 1-2, respectively. The
respective emission rate for lead and arsenic input into the ISCLT model for each of the 54area
sources is presented in Tables -3 and I|-4.

1.2.4 Meteorpoiogical Data

The ISCLT model can use seasonal or annual "STAR" summaries to satisfy meteorclogical input
requirements. STAR summaries are statistical tabulations of the joint frequency of occurrence of
wind speed and wind direction categories, classified according to Pasquill stability categories.

The closest available source of meteorological data to the C&R Battery Site is Byrd Field Airport in
Richmond. The airport is approximately 20 miles northeast of the C&RBattery Site. A 10-year
. seasonal STAR summary for the period 1964-1973 was obtained from the National Climatic Data

-8 ~  BR302108
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TABLEI-1

MEAN PERCENT LEAD CONTENT
FOR INDIVIDUAL C&R BATTERY AREA SQURCES
C&R BATTERY SITE
CHESTERFIELD COUNTY, VIRGINIiA

Mean Percent

Mean Percent

Area Source Lead Area Source Lead
A7 0.10 cio 8.61
A8 2.70 C11 7.51
AS 0.10 ci2 1.74
A10 0.10 D1 0.13

A1l 0.10 D2 1.85
A12 0.02 D3 0.81
Bt 0.10 D4 0.42
B2 0.08 D5 0.02
B3 0.07 D6 1.23
B4 0.12 D7 2.35
BS 0.02 D8 0.23
B6 0.09 D9 4.05
B7 0.57 D10 3.60
B8 0.57 D11 1.02
B9 0.24 D12 1.34
810 0.89 E1 0.04
B11 0.54 EZ 0.01
B12 0.27 E3 0.01
1 0.10 E4 0.19
c2 0.14 £S .04
o} 0.06 E6 0.26
ca 0.09 E7 0.08
s 0.04 2] 0.30
c6 0.03 E9 0.01
c7 1.12 E10 0.17
3 2.38 Et1 1.65
c9 0.45 E12 1.74

AR302110
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MEAN PERCENT ARSENIC CONTENT

TABLE I-2

FOR INDIVIDUAL C&R BATTERY AREA SOURCES

C&R BATTERY SITE
CHESTERFIELD COUNTY, VIRGINIA
Area Source Mea:;;cem Area Source Mear:ei-"ae‘; cent
A7 0.0008 19 0.0026
A8 0.0011 C11 0.0058
A9 0.0011 ci2 0.0033
A10 0.0010 D1 0.0010
A1l 0.0015 D2 0.0011
Al2 0.0011 D3 0.0004
81 0.0003 D4 0.0007
B2 0.0003 D5 0.0006
B3 0.0003 D6 0.0006
B4 0.0005 D7 0.0010
BS 0.0008 D8 0.0020
B6 0.0008 D9 0.0035
B7 0.0035 D10 0.0019
B8 0.0016 D11 0.0031
B9 0.0013 D12 0.0023
B10 4.0018 €1 0.0003
B11 0.0022 E2 0.0003
B12 0.0005 E3 0.0003
C1 0.0003 E4 0.0003
c2 0.0003 E5 0.0003
<3 0.0005 E6 0.0003
c4 0.0008 E7 0.0003
oL 0.0012 E8 0.0003
C6 0.0015 ES 0.0008
<7 0.0016 E10 0.0010
c8 0.0012 Ett 0.0010
o 0.0010 E12 0.0008
* BR30Zi 11
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TABLE!-3

C&R BATTERY AREA SOURCE
LEAD EMISSION RATES INPUTINTO THE ISCLT MODEL
{g/sec-m2)
C&R BATTERY SITE
CHESTERFIELD COUNTY, VIRGINIA
Area Source En;i::ieon Area Source En;i:ion
A7 9.8E-08 c10 8.4E-06
A8 2.7E-06 ci 7.4E-06
A9 9.8£-08 c12 1.7E-06
AlQ 9.8E-08 D1 1.2E-06
Al 9.8E-08 D2 1.8E-06
Al2 1.6E-08 D3 8.0E-07
B1 9.6E-08 D4 4 1E-07
82 7.4E-08 D5 2.8E-08
83 6.8E-08 D6 1.2E-06
B4 1.18-07 D7 2.3E-06
BS 1.8€-08 D8 2.36-07
B6 8.7E-08 D9 4 0E-06
87 5.6E-07 D10 3.5E-06
g8 5.5E-07 D11 1.0E-08
B9 2.3e-07 D12 1.3E-06
B10 6.86-07 E1 1.28-08
B11 5.3e-07 E2 1.2E-08
B12 2.6E-07 €3 1.2E-08
C1 9.8E-08 E4 1.9€-07
C2 1.3E-07 E5 4.0E-08
a3 5.7E-08 E6 2.5E-07
C4 9.2E-08 E7 7.6E-08
<5 3.9€-08 E8 8.8£-07
ce 2.7E-08 E3 1.2E-08
7 1.1E-06 E10 1.7e-07
cs 2.3E-06 E11 1.6E-06
c9 4.4E-07 E12 1.7E-C6
- M AR302112
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TABLE!-4

C&R BATTERY AREA SQURCE
ARSENIC EMISSION RATES INPUT INTO THE ISCLT MODEL
(g/sec-m2)
C&R BATTERY SITE
CHESTERFIELD COUNTY, VIRGINIA

Area Source Err:‘-jiieon Area Source E";::Lon
A7 7.84E-10 C10 2.55E-09
A8 1.07€-09 c11 5.68E-09
A9 1.07€-09 c12 3.23E-09
A10 9.80E-10 D1 9.80E-10
All 1.47E-09 D2 1.08E-09
A12 1.07E-09 D3 3.92E-10
B1 2.894E-10 D4 6.86E-10
B2 2.34E-10 Ds 5.88E-10
83 2.94€-10 D6 S.88E-10
84 4.90E-10 D7 9.80E-10
85 7.84E-10 D8 1.96E-09
B6 7.84E-10 D9 3.43E-09
B7 3.43E-10 D10 1.86E-09
B8 1.57E-09 D11 3.04E-09
B9 1.25E-G9 D12 2.25E-09
B10 1.86E-03 E1 2.94E-10
811 2.16E-09 E2 2.94E-10
B12 4.908-10 E3 2.94E-10
C1 2.94E-10 E4 2.94E-10
c2 2.94E-10 ES 2.94E-10
c3 4.90E-10 E6 2.94E-10
<4 7.84E-10 E7 2.94E-10
s 1.18E-09 ES 2. 94E-10
cé 1.47E-09 E9 7.84E-10
<7 1.57E-09 E10 9.80€-10
8 1.18E-09 E11 9.80E-10
c9 9.8£-10 E12 7.84E-10




Center for use with the ISCLT model. The summary contained joint frequencies for six (6) stability

categories (A-F) and six wind speed groups over 16 radial sectors.

Additional meteorological data was obtained for input into the ISCLT model pertaining to mean
seasonal ambient air temperatures and seasonal mixing heights from pertinent climatological
references (Ruffner and Bair, 1977; EPA, 1972).

1.2.5 Receptor Network _ o )

Ambient concentrations of leza and arsenic were caiculated at 97 receptors within a 1-km square area
surrounding the C&R Battery site. The receptor network was based on a Cartesian coordinate system
extending outward from the center of the site at increment of 100 meters. Ambient concentrations
were reported only for receptors that were located outside of the source area shown in Figure [-4.
Because the maximum ambient impact from ground-level fugitive dust sources is usually within a few
hundred meters of the sources, it was decided that a 1 km square receptor grid was adequate to

define the maximum ambient impact. S B -

i addition to the receptor peints described above, one (1) discrete receptor point was also included.
The Drewrys Bluff topographic map was reviewed to locate the nearest public school building. The
closest public school to the C&R Battery Site was found in Chimney Corner, approximately 2.3 km
southwest of the site. Ambient concentrations at ail receptors were reported in micrograms per cubic

meter. . . . I : L
(.3 MODELING RESULTS

The ISCLT model was run using the C&R Battery Site lead and arsenic inventories given in Tables |-3
and -4 and the 10-year meteorological STAR summary for Richmond, Virginia. Ambient lead
concentrations were calculated on a seasonai (quarterly) and annuai basis, whereas ambient arsenic

concentrations were calculated only for the annual period,

The maximum ambient ground-level lead and arsenic concentrations calculated within the
1-km-square receptor grid and the Chimney Corner Public School are reported in Tables -5 and I-6.
Results in Table -5 indicate that the maximum ground-level lead concentration was found to occur
northeast (NE} of the site at coordinate point 100,100 for both the seasonal and annual averaging
periods. The maximum annual lead concentration for the 1-km receptor grid was 0.0026 ug/m3. The
maximum annual {ead concentration at the Chimney Corner Public School was 0.00024 ug/m3. The

0332927 - 13 AR30211L




TABLEI-5

RESULTS OF ISCLT MODEL FOR MAXIMUM SEASONAL AND
ANNUAL LEAD CONCENTRATIONS
C&R BATTERY SITE
CHESTERFELD COUNTY, VIRGINIA

Maximum Concentration (ug/m3)

Receptor x,y {meters)
Seasonal Annual
NE (100,100) 0.0029 0.0026
Chimney Corner School 0.00028 0.00024

D332927 \ -14 ﬂﬁ382 b 5




RESULTS OF ISCLT MODEL FOR MAXIMUM ANNUAL AND
AMBIENT ARSENIC CONCENTRATIONS
C&R BATTERY SITE
CHESTERFIELD COUNTY, VIRGINIA

Maximum Concentration
Receptor x,y (meters) (ug/m3)
South (0,-200) 0.00820
Chimney Corner School 0.0000249

0332927 - 115 583821 ! 6




maximum seasonal concentrations of 0.0029 ug/m3 at receptor point 100,100 and 0.00028 yg/m3 at

Chimney Corner Public School occurred during the july, August, September seasonal quarter.

Tabie I-6 indicates that the maximum arsenic ground- level concentration was found to occur south of
the site at coordinate 0,-200 for the annual period. The maximum annual lead concentration for

arsenic was 0.0082 ug/mi The maximum annual arsenic concentration at the Chimney Corner School

was 0.000025 ug/m3.
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APPENDIX J
DEBRIS PILE AND TANK FARM DIKE VOLUME CALCULATIONS
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