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EXECUTIVE SUMMARY

D u r i n g t h e s u m m e r o f 1 9 7 7 , t r i s ( 2 - c h l o r o p r o p y l ) - p h o s p h a t e
reportedly leaked from a drum in the d r u m storage area at W i t c o
C o r p o r a t i o n ' s N e w C a s t l e f a c i l i t y . T h e W i t c o f a c i l i t y i s
bordered on the south by the Mew Castle Board of Wate r and L i g h t
( N C B W & L ) p roper ty , which at the t ime of the spil l served as a
water supply source for the City of New Castle.

In D e c e m b e r 1982, the New Castle Spill Site was l is ted on US
E n v i r o n m e n t a l P ro tec t ion A g e n c y ' s ( U . S . E P A ' s ) N a t i o n a l
Prior i t ies Lis t . An A d m i n i s t r a t i v e Consent Order (AGO) between
Witco Corporation and U.S. EPA Region III was s igned in December
1987. Environmental Resources Management , Inc. (ERM) was then
contracted by Wi tco Corpora t ion to prepare a Work P lan for the
Remedia l Inves t iga t ion /Feas ib i l i ty Study ( R I / F S ) for the site.
ERM began work at the New Castle Spill Site ( N C S S ) in February
1988.

This Endangermen t Assessment ( E A ) evaluates the risks posed by
compounds de t ec t ed a t the New Cas t le Sp i l l S i te u n d e r the
N o - A c t i o n A l t e r n a t i v e . The g r o u n d w a t e r data fo r the site
generally indicates that compound concentrations are decreas ing .
Thi s EA addresses p r e s e n t , ex i s t i ng condi t ions as well as a
hypothetical, future-use ground water scenario.

0423N5 ES-1
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U . S . E P A ' s p rocess fo r d e v e l o p i n g a g r o u p o f s i t e - spec i f i c
i n d i c a t o r compounds was used for NCSS. The ind ica to r s chosen
were as fo l lows : tr i ch lo roe thene , trans-1,2-dichloroethene and
tris( 2-chloropropyl Jphosphate. These compounds were considered
to represent a m a j o r i t y of the potent ia l risk to both an actual
and hypothetically exposed population based on the RI f ind ings .

A present , ex i s t ing condit ions exposure scenario exists in which
ground water t ranspor ts compounds located on site to the m a r s h
a r e a w h e r e i t m i x e s w i t h s u r f a c e w a t e r . A p o p u l a t i o n i s
potentially exposed through dermal contact wi th surface wa te r and
soils/sediments and incidental ingestion of the soils/sediments.

An exposed p o p u l a t i o n was not a v a i l a b l e for a s se s smen t of
potent ial exposure to ground water v ia r e s iden t i a l use u n d e r
present , e x i s t i n g condi t ions scenario because 1) dr inking water
is supplied by municipal or commercial means, 2) pr iva te wel ls in
Columbia a q u i f e r in the downgrad ien t direction do not exist, 3)
closest m u n i c i p a l we l l i s loca ted a p p r o x i m a t e l y 0 .7 m i l e s
d o w n g r a d i e n t , and 4) there are no users of the Columbia aquifer
since the Potomac aquifer (regional potable aqui fer ) is available.
T h e r e f o r e , a h y p o t h e t i c a l , fu ture-use ground wate r scenar io
involving adul t s , ch i ldren 6 to 12 years , and chi ldren 2 to 6
years and cons is t ing of a well installed in the Columbia aquifer
at the property boundary was employed to de t e rmine the h a z a r d or
r i s k to a p o p u l a t i o n u s i n g g r o u n d w a t e r l e a v i n g the N C S S
property. The concentration of the indicator compounds found in
the associated ground water zone was used to assess the potential
risk or hazard from the hypothetical ground water use.

Exposure pathways for the hypothetical scenario were ingestion of
compounds detected in the Columbia a q u i f e r and dermal contact
w i t h and inhalat ion of these compounds during bathing activities.

0423N5 ES-2
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Toxicity levels for each compound were found in 1iterature oc
calculated from acceptable daily intakes. Using the exposure
pathways and toxicity levels, the hazard or risk attributable to
the levels of the indicator compounds detected at the site to an
exposed population was determined.

Upper bound reasonable case and worst case estimates were made
for each exposure scenario. The reasonable case is based on
realistic exposure durations, frequencies, and pathways; while
the worst case assumes that an individual may be chronically
exposed to the highest concentrations detected at the site. This
type of estimate means a 95 percent probability exists that the
risk may be overestimated with a 5 percent chance of
underestimating the risk.

All of the carcinogenic risks calculated were within U.S. EPA's
range. Table ES-1 is a summary of the calculated carcinogenic
risks and noncarcinogenic hazard indices for the New Castle Spill
Site. The risk/hazard from present conditions (i.e., exposure to
surface water and sediments) were orders of magnitude below EPA's
guidelines. That is, exposure by a population to compounds
detected in the surface water or sediments does not threaten
human health or the environment. Only the subchronic and chronic
hazard indices for the hypothetical case exceeded U.S. EPA's
guidelines of one. However, a population is not currently
exposed to the Columbia aquifer and although these calculated
intakes exceed one, in reality, exposure to these intakes may
never occur.

0423N5 ES-3
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TABLE ES - 1
SUMMARY OF CALCULATED CARCINOGENIC RISKS

AND NONCARCINOGENIC HAZARD INDICES FOR
THE NEW CASTLE SPILL SITE

PRESENT, EXISTING CONDITIONS*

CARCINOGENIC RISK

Upper bound
Reasonable Ca»«

- OE+00

NONCARCINOGENIC
HAZARD INDEX Subchronlc 1.45E-05

Chronic 3.76E-06

Upper Bound
Worst Case

- OE+00

1.4SE-05
1.45E-04

HYPOTHETICAL FUTURE-USE SCENARIO'*

CARCINOGENIC RISK

Upper bound
Reasonable Gate

3E-05

NONCARCINOGENIC
HAZARD INDEX Subchronlc 6.71E + 00

Chronic B.69E + 00

Upper Bound
Worst Cane

IE-04

6 . 7 1 E + 00
6.68E + 01

US ERA'S
RECOMMENDED

GUIDELINE

1E-04 to 1E-07

US EPA'S
RECOMMENDED

GUIDELINE

1E-04 to 1E-07

Bold value indicates an exceedance of US EPA's guideline
Upper bound reasonable case represents the average concentration detected times either the RfD or CPF.
Upper bound worst case represents the maximum concentration detected times either the RfD or CPF.
• = approximate

* - Surface water and soils exposure
** - Ground water exposure

Tin
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The conclusions of the environmental assessment are that there is
1) no exceedance of ambient water quality criteria by measured
surface water concentrations, 2) no exceedance of the toxicity
value for the most sensitive aquatic species tested, 3) no
imminent threat to the biotic component of the wetlands ecosystem
from contaminants migrating off the New Castle Spill Site, and 4)
low qualitative potential for bioaccumulation of these compounds
in the aquatic species and less potential for biomagni f icat ion of
the food chain to a human population.

0423N5 ES-4 7**
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SECTION 1

INTRODUCTION

1.1 Objective of the Endanqerment Assessment (EA)

The ob j ec t i ve of this Endangerment Assessment ( E A ) is to evaluate
the risks to human health and the environment under the No-Act ion
A l t e r n a t i v e at the New Castle Spill Site ( N C S S ) . The EA evaluates
the r isks posed by compounds de tec ted at the s i te u n d e r the
present , ex i s t ing cond i t ions and the hypothetical future use of
ground water.

The N o - A c t ion A l t e r n a t i v e EA examines in deta i l the present ,
e x i s t i n g cond i t ions scenario and recognizes the po ten t i a l for
those conditions to change in the fu tu re . This potential for
change is examined by developing a fu tu re -use s c e n a r i o . The
future-use scenario examined in this EA is use of ground water
f rom the Columbia a q u i f e r as a p o t a b l e w a t e r s u p p l y . T h i s
scenario is strictly hypothetical in that 1) the nearest human
receptors use a municipal water supply, 2) the Potomac a q u i f e r is
the regional potable a q u i f e r , and 3) al though the Columbia
aqui fer is a GW-2B aquifer, it is not cu r ren t ly used for e i ther
d o m e s t i c or munic ipa l water supply. In order to assess this
fu tu re -use scenario, a hypothe t ica l well in the d o w n g r a d i e n t
ground water f low direct ion of the Columbia aquifer will be used
to assess the risks and/or to a potentially exposed population.

0423N5 1-1
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1.2 Site Description

The New Cas t le Spil l Site { N C S S ) is located at 900 W i l m i n g t o n
Road, New Cas t l e , Delaware , and is a six acre pa rce l of l a n d
c o m p r i s e d o f t w o a d j a c e n t p r o p e r t i e s : t h e W i t c o C h e m i c a l
Corporation property and the New Castle Board of W a t e r and L igh t
( N C B W & L ) proper ty . The properties are located approximately 0.5
miles west of the Delaware River, w i t h i n the city l imits of the
Town of New Castle, Delaware (Figure 1-1).

1.3 Site History

1.3.1 Background

The N C S S p r o p e r t y was once used by W i t c o C o r p o r a t i o n as a
manufactur ing plant, producing mate r i a l s used in the p roduc t ion
of plas t ic foams . The plant used prepolymers as feedstocks wi th
two m a n u f a c t u r i n g processes t a k i n g p l a c e a t the s i te . The
largest process was a b l e n d i n g operation of polyether polyols
w i t h a m i n e and/or t in catalysts , plus f luorocarbon-11 , f l a m e
re ta rdan t s , and silicone surfactants. The second process was the
formation of a polymer f rom the reaction of a polyether polyol
with diisocyanate.

The N C B W & L property was once used as a treatment fac i l i ty ,
designed to process water extracted both f rom on-site product ion
wells and an i n f i l t r a t i o n gallery. The gallery collected water
from the Columbia aqui fer , while the production wel ls pumped
w a t e r f r o m the under ly ing Potomac a q u i f e r . Ne i the r of these
sources are currently being used by NCBW&L.

0423N5 1-2
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1.3.2 Spill History

During the summer of 1977, a NCBW&L employee noticed a patch of
dead grass on the NCBW&L property. This area of dead grass was
located next to the drum storage area on the adjacent NCSS
property. A subsequent investigation by Witco detected the
presence of tris ( 2-chloropropyl)phosphate (tris) in the soils
beneath the dead grass. The approximate location of the spill
area and the nearest residential area are shown on Figure 1-2.
The quantity of tris spilled is estimated to be 4-5 drums.

Shortly following the spill, ground water potentially
contaminated with tris was pumped from the gallery system and
discharged to the adjacent wetlands under the direction of the
DNREC. Information provided by the NCBW&L indicated that water
was pumped from the gallery system from 13 December 1977 through
31 May 1978 and that the capacity of the gallery system was
618,000 gallons per day (gpd).

1.3.3 Ground Water History

The impacted aquifer of concern (i.e., Columbia aqui fe r ) does not
supply residents with d r i n k i n g or b a t h i n g water w i t h i n a 3-mile
r a d i u s of NCSS. It should be noted tha t since 1960 the wa te r
f rom th is a q u i f e r has had low pH and h igh iron and m a n g a n e s e
levels. The Chicago Bridge and Iron Company is suspected as the
source. This aqu i fe r was documented to be of q u e s t i o n a b l e
q u a l i t y prior to the leak at the NCSS faci l i ty and has not been
used since 1978. The a q u i f e r is c u r r e n t l y not u sed , but is
classified as useable (GW-2B).

0423N5 1-3
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Figure 1-2
Source Area and Nearest Population
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PW-11 is a municipal well located on-site. However, operation of
this well was discontinued a f t e r the spill in 1977. The neares t
opera t ing w a t e r supp ly well is located approximate ly 0.7 miles
downgradient of the site and is owned by Ar te s i an Wate r Company .
The p o p u l a t i o n served by a m u n i c i p a l or commercial well located
in the Columbia aqui fe r w i t h i n a three mile radius of the site is
zero. No publ ic water wells exist in the Columbia aqu i fe r in the
v i c i n i t y of the si te. The only wells located w i t h i n a 3 -mi le
r a d i u s o f N C S S a n d c o m p l e t e d i n t h e C o l u m b i a a q u i f e r a r e
m o n i t o r i n g w e l l s a s s o c i a t e d w i t h o t h e r h y d r o g e o l o g i c a l
investigations or plant production wells.

1.4 Physical Setting

1.4.1 Demography

Growth pa t te rns w i t h i n the County of New Castle have fol lowed
trends s imi lar to those obse rved w i t h i n o the r a r e a s of the
nor theas t corridor. Since 1970, population trends have shown a
12 percent decrease in population wi th in the C i t y of W i l m i n g t o n ,
and a 16.6 percent growth rate w i t h i n the rest of the coun ty .
Since 1980, the average annual rate of popula t ion growth w i t h i n
the county has increased to 4 ,030 persons per year, as compared
to 2 ,245 persons per year between 1970 and 1980. Along w i t h an
increased growth in population, the population density w i t h i n the
county has increased from the 1970 es t imate of 730 persons per
square mile to 851 persons per square mile in 1987. A comparison
of census data from 1970 and 1980 indicates a general ag ing t rend
w i t h i n t h e c o u n t y a n d p r o j e c t i o n s sugges t t h i s t r e n d w i l l
continue.

0423N5 1-4
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Population projections from 1985 through 2010 show an anticipated
24.9 percent increase within the county by the year 2010.
Population growth is contributed to two primary factors: the
expansion of the greater Philadelphia area, and the large number
of babies born to the baby-boom generation. Employment within
New Castle County is primarily by the manufacturing, trade and
service industries.

The Witco property and the City of New Castle are located within
the New Castle planning district. The New Castle planning
district is the third most populated district within New Castle
County. The New Castle area has shown an 18.1 percent increase
in population growth since 1970. Much of the growth, development
and subsequent employment opportunities within the district may
be a direct result of the location of major highways, such as
1-95, 1-495, 1-295, US Route 13, US Route 301, US Route 40 and
Delaware Route 273. Both 1-95 and 1-495 provide access via the
Delaware Memorial Bridge to New Jersey. Additionally, the
location of rail lines and the Greater Wilmington/New Castle
County Airport has provided several opportunities for economic
development.

1*4.2 Land Use

The n o r t h e r n o n e - t h i r d o f New C a s t l e Coun ty , i n c l u d i n g the
Greater Wilmington Area and its associated suburbs, is u r b a n i z e d .
The C i ty of New Castle fal ls wi th in this land use pattern. Large
tracts of undeveloped land remain south of US Route 40 and Route
2 7 3 . These tracts consist of open fields or swampy areas, or are
used for agricultural purposes.

0423N5 1-5
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1*4.3 Climatology

The climate of New Castle County is typically warm and humid in
the summer, and moderately cold in the winter. Annually, the
average temperature ranges from a January low of 31.2°F, to a
July high of 76°F. Average minimum and maximum temperatures
during the period from 1951 to 1980, as recorded at the national
Weather Service (NWS) station at Wilmington, Delaware {the
closest NOAA weather station) are presented in Table 1-1,

The average annual precipitation for New Castle County, including
both rainfall and the water equivalent of melting snow, is 41.38
inches. Precipitation normals during the period 1951 to 1980, as
recorded at the NWS station at Wilmington are presented in Table
1-1.

Variations in temperature and precipitation do occur depending on
location within the county. For example, of the four weather
stations located within New Castle County, the weather station at
Wilmington's Porter Reservoir exhibits the lowest average
temperature, as well as the highest amount of precipitation
(53.3°F and 44.9 inches, respectively). The most likely
explanation for these differences may be the higher elevation
(274 feet above sea level) of the Porter Reservoir Station as
compared to the other weather stations, all of which are at
elevations less than 100 feet above sea level.

1.4.4 Phys iography

The town of New Castle is located in northern Delaware, within
the Coastal Plain physiographic province (Figure 1-3). NCSS is

0423N5 1-6
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Table l-i

Mean Monthly Precipitation and Temperature Date at the
National Weather Service Station

Wtlmlngton, Delaware

MONTH

January

February

March

April

May

June

July

August

September

October

November

December

MEAN
PRECIPITATION

(Inches)

3.M

2.99

3.87

339

3.23

3.51

3.90

4.03

3.59

2.89

3.33

3.54

MEAN
TEMPERATURE

(Fahrenheit)

31.2

33.2

41.8

52.4

62.2

71.2

76.0

74.8

67.9

56.3

45.6

35.5

"Monthly means are determined from cllmatologlcal data from 1951 through 1980.

SOURCE: National Oceanic and Atmospheric Administration (NOAA)
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Figure 1-3
Physiographic Province Map
New Castle County, Delaware
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r e l a t i ve ly f l a t and is located w i t h i n the Delaware River flood-
plain. Elevations within the study area range from 0 to 10 feet
a b o v e m e a n s ea l e v e l . S u r f a c e w a t e r d r a i n a g e f r o m t he s i te
follows the gently dipping topography to the wes t -nor thwes t and
discharges to a m a r s h , wh ich d ra ins to the south and ult imately
to the Delaware River.

1.4*5 Regional Geology

The s t u d y area is under l a in by the Pleistocene age sands and
gravels of the Co lumbia Format ion ( F i g u r e 1 -4) , w h i c h occur in
the f o r m of th ick channe l f i l l i n g s that form a wedge th ickening
in a southerly d i rec t ion . This f l u v i a l deposi t ional f o r m a t i o n
reached a m a x i m u m th i ckness of 150 feet and covers most of the
coastal plain province in Delaware.

U n c o n f o r m a b l y u n d e r l y i n g t h e s u r f i c i a l depos i t s a r e t h e
Cretaceous sands and gravels of the Potomac Format ion . Th i s
f o r m a t i o n consists p r i m a r i l y of d i scon t inuous sand lenses. A
th ick clay, typical of this f o r m a t i o n , is present benea th the
NCSS between the Columbia and Potomac aquifers.

The W i l m i n g t o n Complex, a mix of amphibo l i t e s , gabbros, banded
gneisses, and some gran i tes , unde r l i e s the Potomac Fo rma t ion .
Below th i s c o m p l e x is the c r y s t a l l i n e basement rock of the
Wissahickon Formation which dips generally to the south-southeast
at a rate of approximately 89 feet per mile.
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1•4. 6 Regional Hydrogeology

T h e r e are two a q u i f e r sys tems a t the site: the sha l low, or
Columbia aqu i fe r , and the deep, or Potomac a q u i f e r . Deposi ts of
t he C o l u m b i a a q u i f e r c o n t i n u a l l y d i scharge to t he f r e s h w a t e r
non-tidal streams which d ra in the coastal p l a i n deposits of the
Delaware , and to the Delaware Bay and A t l a n t i c Ocean. A tidal
f luctuat ion study conducted by ERM showed no t ida l e f f e c t s upon
ground w a t e r f l o w d i r ec t i on . H y d r a u l i c conduc t iv i t i e s in the
C o l u m b i a a q u i f e r r a n g e f r o m 1 5 t o 2 5 0 f t / d a y , w h i l e
t r ansmis s iv i t i e s range from 9,000 to 165,000 gal/day/ft. Storage
coeff ic ients range f rom 0 .01 to 0 . 0 7 . Ground water q u a l i t y is
gene ra l ly c l a s s i f i ed as soft and s l ight ly acidic, and typically
has a low total dissolved solids (TDS) content.

R e g i o n a l l y , r e c h a r g e to the u n d e r l y i n g Po tomac a q u i f e r i s
generally wi th in i ts subcrop area via ver t ical leakage f r o m the
over ly ing Co lumbia deposits. However, because of the thick clay
deposits underlying the site, recharge to the Potomac a q u i f e r in
the v i c i n i t y of N C S S is not l ike ly . Resul ts of a pump test
conducted by ERM in 1986 ind ica te t h a t the a q u i f e r s are not
connected in the area of NCSS. Discharge is pr imari ly through
pumping for both municipal and indus t r i a l purposes. A d d i t i o n a l
ground wa te r discharge is to streams in the northern portion of
the subcrop areas. Transmissivities of the Potomac a q u i f e r range
f r o m 3 ,400 to 63 ,000 g a l / d a y / f t . Ground water analyses of this
aqu i fe r indicate that the dissolved solids consist p r i m a r i l y of
i ron , sodium, ca lc ium, chlor ide, and sulfate, with a pH ranging
from 5.4 to 8.0.
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1•5 Previous Investigations

The i n i t i a l response ac t i on to the spill was taken by the DNREC
d u r i n g 1977 a f t e r the spill was reported. D N R E C en l i s t ed the
U . S . EPA to assist in the iden t i f i ca t ion of the presence and
t o x i c i t y o f t r i s i n J a n u a r y 1978. A t t h a t t i m e , t r i s w a s
detected in ground water from the Columbia aquifer at three parts
per bil l ion ( p p b ) , or less.

To da te , a total of ten f i e l d inves t iga t ions and eight summary
reports have been completed fo r NCSS and the a d j a c e n t N C B W & L
proper ty . A p r e l i m i n a r y assessment has also been conducted of
t h e n e a r b y C h i c a g o B r i d g e a n d I r o n p r o p e r t y , l o c a t e d
a p p r o x i m a t e l y 1 , 0 0 0 f e e t east o f the N C S S . The d o c u m e n t s
produced from these inves t iga t ions are de ta i led in Sect ion 1 of
the Remedial Investigation ( R I ) report ( E R M , 1988).

1.5.1 Ground Water

In summary, the shal low ground water of the Columbia aquifer at
the site has been sampled twelve t imes f r o m 24 m o n i t o r i n g wel l s
s ince 1978. Analyses f rom the shal low ground water s a m p l i n g
revealed concentrat ions of tris r ang ing f rom none detected to
several thousand ug/1 have been reported in the shallow aqui fer .
Shallow ground water has also been sampled for Priority P o l l u t a n t
List ( P P L ) volat i le organic compounds ( V O C s ) and semi-volatile
organics , w i t h the except ion of acrole in , a c r y l o n i t r i le, and
te trachloro- dibenzo-p-dioxins. Several compounds were reported
in the first sampling, but were not found in subsequent samplings.
These c o m p o u n d s i n c l u d e d e t h y l b e n z e n e , methy lene ch lo r ide ,
t e t r a c h l o r o e t h e n e , a n d t o l u e n e . O n l y t w o c o m p o u n d s .
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t r i c h l o r o f l u o r o m e t h a n e a n d t r i c h l o r o e t h e n e ( T C E ) , wers
consistently reported at concentrat ions greater than trace or
detection l imits .

Si nee 1978, n ine g round wa te r samples have been collected f rom
the Potomac a q u i f e r ( i . e . , N C B W & L Produc t ion Well No. 11) w i t h
total VOC content r ang ing f r o m below de tec t ion l i m i t for most
compounds to 41.1 ug/1 of te t rachloroethene . C o n c e n t r a t i o n s of
tr is in the Potomac a q u i f e r collected in 1978 have been reported
at 0.03 ug/1 or less. b i s ( 2 - E t h y l h e x y l ) p h t h a l a t e was the only
o t h e r s e m i - v o l a t i l e c o m p o u n d d e t e c t e d , a n d r a n g e d i n
c o n c e n t r a t i o n f r o m be low d e t e c t i o n to 274 ug/1. A second
s a m p l i n g reported a none detectable concen t r a t i on indicat ing a
probable laboratory cross-contamination as the source of the 274
ug/1 value.

1.5.2 Soils

The soi ls associa ted w i t h NCSS have been sampled three t imes
since 1979. Results of soil samples collected to a depth of 12
f e e t , i n and a r o u n d the t r i s spill area , indicate that T C E ,
di-n-butyl phthala te , and toluene are present at trace levels ,
whi le reported concen t ra t ions of tr is range f rom less t h a n 50
ug / f cg t o over 2 0 0 , 0 0 0 u g / k g . T h e p h t h a l a t e c o m p o u n d i s
considered suspect because it f requent ly occurs as a result of
laboratory cross-contaminat ion . PCBs, t e t rachloroe thene , and
chloroform were also detected in one sample location.
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1.5.3 Degree of Hydraulic Interconnection

The absence of a hydraul ic connection between the shallow and
deep a q u i f e r systems at the site has been demons t ra ted in the
R e m e d i a l I n v e s t i g a t i o n Repor t by regional and s i t e - spec i f i c
stratigraphy and pump test and water qual i ty data ( E R M , 1988) .

1*6 Environmental Resources Management's (ERM) Investigation

ERM conducted a f ie ld investigation at the NCSS during the Spring
of 1988. The scope of that investigation and a b r i e f summary of
the results are presented in the following subsections.

1.6.1 Scope of Work

To provide the additional data necessary to satisfy data gaps,
ERM proposed the following program of field activities:

- a well inventory to determine which on-site wells are
functional;

a tidal study to determine the effect/ if any/ of tidal
fluctuations in the Delaware River on the direction and
gradient of ground water flow;

collection of 15 Phase I soil samples from 9 locations (3
soil borings, 5 monitoring wells, and one pumping well) for
analysis of Target Compound List (TCL) parameters;
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i n s t a l l a t i o n of f i v e new 2-inch d i ame te r m o n i t o r i n g wells
and one 6-inch diameter pumping well to monitor ground w a t e r
q u a l i t y and to d e t e r m i n e the p e r m e a b i l i t i e s of the clays
that separate the upper and lower aquifers ;

co l lec t ion of Phase I ground water samples from 17 wells for
analys is o f TCL p a r a m e t e r s , t r i s , T o t a l O r g a n i c C a r b o n
( T O C ) , C h e m i c a l O x y g e n D e m a n d ( C O D ) , p H , i ron , a n d
manganese;

c o l l e c t i o n o f t h r ee a d d i t i o n a l Phase I I g r o u n d w a t e r
samples , one s u b m i t t e d fo r TCE and the o t h e r fo r t r i s
analys is . One additional soil sample was submitted for tris
analysis;

co l lec t ion of Phase I su r f ace water and sediment samples
from 6 locations in the adjacent wet lands area for ana lys i s
of tris; and

collection of Phase II sur face wa te r and sediment samples
from the same 6 locations per DNREC comments on the D r a f t RI
R e p o r t . Phase I sur face water samples were ana lyzed for
tris, TCE, and filtered and unfi l tered fractions of i ron and
manganese . Sediment samples were ana lyzed for tris, TCE,
grain size, total organic carbon, and percent moisture.

1.6.2 Summary of Analytical Results

Ground water qua l i ty data were gathered f rom 17 monitoring and
observation wells between April 18 and 21, 1988 and selected
w e l l s on 22 June 1988. The ma jo r TCL compounds /cons t i tuen ts
reported are presented below at their maximum levels:

Tht
1 /
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Iron 19,400 ug/1
Manganese 5 ,230 ug/1
Tris 110,000 ug/1
TCE 120 ug/1
1,2-Dichloroethene 11 ug/1
Trichlorofluoromethane 950 ug/1

Sur face w a t e r da ta were gathered f r o m 6 sample locations. The
maximum reported concentration of tris was 42 ug/1. This sample
was collected on 14 March 1988.

Soil da ta were ga thered f r o m 15 soil samples collected f r o m 9
monitoring well borings and soil borings, between March 7 and 18,
1988. T h e m a j o r T C L c o m p o u n d s r epo r t ed a n d t h e i r m a x i m u m
concentrations are as follows:

Concentration Depth

Tris 11.8 mg/kg 2-4 ft
Fluoranthene 3.6 mg/kg 2-4 ft
Phenanthrene 4.4 mg/kg 2-4 ft
Benzo(b) f luoran thene 2.5 mg/kg 2-4 ft

1.6.3 Conclusions of the RI

T h i s s e c t i o n p r e s e n t s t h e c o n c l u s i o n s f r o m t h e R e m e d i a l
Investigation for the New Castle Spill Site.
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Columbia Aquifer

The unconfined Columbia aquifer which underlies the New Castle
Spill Site is composed primarily of a medium grained sand with an
average transmissivity of 60,000 gal/day/ft and approximate
saturated thickness of 23.5 feet. In the northern part of the
study area, ground water flows in a northerly direction at a rate
of 1.0 ft/day, while in the southern part of the study area,
ground water flows in a westerly direction toward the marsh at a
rate of 0.5 ft/day. Ground water within the study area is not
tidally influenced.

The drilling program defined three distinct stratigraphic units
across the study area: a surficial layer consisting of a
variable sequence of clay, silty clay and silty sand; an
intermediate layer (i.e., Columbia aquifer) consisting of medium
grained sand; and a very dense, stiff clay layer at an average
depth of 30 feet which designates the top of the underlying
Potomac Formation. Vertical permeability test results ranged
from 1.48 x 10"8 to 4.83 x 10~8 cm/sec. A minimum of 5-feet of
this material was encountered in each of the newly installed
wells and is considered to be continuous across the study area.
Information gathered from other wells within the study area
define this clay as the top of an 85-foot-thick sequence of clay,
silty clay, silts and sands which serve to isolate the Columbia
aquifer from the underlying Upper Potomac aquifer.

Aquifer Interconnection

Both the Columbia and Upper Potomac aquifers are isolated by a
sequence of clay, silty clay, silt and sand that are continuous
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t h r o u g h o u t t h e s t u d y a r e a . T h e i m p e r m e a b l e n a t u r e o f th is
c o n f i n i n g c lay sequence i s r e f l e c t e d in the f i v e S h e l b y t u b e
s a m p l e s o f t h i s m a t e r i a l w h i c h y i e l d a n a v e r a g e v e r t i c a l
permeabili ty of 2 . 8 7 x 10"8 cm/sec. U n d e r s ta t ic ground water
cond i t i ons , 160 years are requi red for the movemen t of g round
water to a depth of 1-foot into this clay. Likewise, movemen t of
ground w a t e r to a depth of 10-feet into the clay would require
1,600 years. Addit ional informat ion supporting a lack of a q u i f e r
i n t e rconnec t ion includes; pump test in format ion , and water levels
in the Upper Potomac aqui fer .

T h e p u m p t e s t o f t h e u p p e r P o t o m a c a q u i f e r , c o n d u c t e d i n
April-May 1986 yields data from well PH that ind ica tes a typical
c o n f i n e d r e s p o n s e t o p u m p i n g . A d d i t i o n a l l y , t h e s t o r age
c o e f f i c i e n t calculated fo r the upper Po tomac f r o m t h i s tes t
( 0 . 0 0 0 1 1 ) is ind ica t ive of a con f ined system. A f inal line of
e v i d e n c e , w i t h respect to the A p r i l - M a y pump t es t , i s the
s t ab i l i t y of the wa te r levels in the Columbia aquifer dur ing the
f irs t 12 hours of the test, and prior to the recharge r e s u l t i n g
f rom the ponding of discharge water on the surface. Stabil i ty of
the water levels f rom those wells in close p r o x i m i t y to the
p u m p i n g w e l l ( P W - 1 1 ) d e m o n s t r a t e a l ack of i n t e r c o n n e c t i o n
between the Columbia and Potomac aquifers.

T h e a v e r a g e d e p t h t o t h e t o p o f t h e c o n f i n i n g c l a y i s
approx imate ly 30-feet BLS . As e v i d e n c e d by d e p t h - t o - w a t e r
measurements obta ined f r o m well PH, both recent ly and in 1986,
the potentiometric surface of the upper Potomac a q u i f e r ex tends
approx imate ly 15 feet above its conf in ing layer. These artesian
conditions are supportive of the clays c o n t i n u i t y th roughout the
study area.
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Environmental Sampling

Several d i f f e r e n t m e d i a , including both on-site soils and ground
water , in addi t ion to sed iments and s u r f a c e w a t e r f r o m the
w e t l a n d s , were collected and ana lyzed as par t of the remedia l
i nvestigation.

Soils

The occurrence and distribution of tris, which was detected in 9
of 15 soil samples at concentrations ranging from 54 to 11,740
ug/kg , reflects higher concentrations in those soils of the
recognized spill source area. Within the spill source area, tris
was detected to a depth of 8 feet. However, the mobility of tris
is limited both by its preference to adsorb onto the soil matrix
underlying the New Castle Spill Site, and by the fact that the
area of highest tris concentration in the soils is presently
capped by asphalt and concrete. Therefore, additional leaching
of tris into the ground water from a "washing effect" by
infiltrating rain water is significantly restricted.

TCE was conspicuously absent from all soil samples submitted for
analysis as part of this study. It is therefore concluded that
the presence of TCE in ground water originates from an upgradient
and off-site source and therefore can not be attributed to past
activities at the New Castle Spill Site

The trace and non-quantifiable concentrations of Polynuclear
Aromatic Hydrocarbons (PAH's) in soils of the spill source area
had a tendency to decrease with depth and are likely derived from
asphalt paving.
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Ground Water

Detectable and quantifiable concentrations of tris, ranging from
17.1 to 110,000 ug/1, were identified in 7 of 17 wells sampled.
The distribution of tris in the Columbia aquifer is consistent
with the spill source area, and reflects a reduced mobility by
its occurrence primarily in the upper 10-feet of the aquifer.
This is evidenced by higher tris concentrations in the "OB"
series wells, screened at the top of the Columbia aquifer, in
contrast to the "MW" series wells," screened at the base of the
same aquifer. In addition to tris, TCE was the other predominant
compound identified in the 17 ground water samples collected.

The distribution of TCE, which was detected in 8 of 17 samples,
ranged in concentration from 1 to 120 ug/1. As discussed in
Section 5.3.1 of the R.I. Report, the absence of this compound in
the soil samples submitted for analysis indicate an upgradient
and off-site source for TCE. The occurrence and distribution of
TCE in the ground water samples suggests that this off-site
source may exist either to the south or east of the New Castle
Spill Site.

Wetlands

The NCSS is bordered to the west by wetlands that support a
diverse flora and associated wildlife community. Samples
collected from within the wetlands possessed quantifiable
concentrations of tris ranging from none-detected to 42 ug/1 in
surface water while wetlands sediments yielded results of
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n o n e - d e t e c t e d . C o n f i r m a t o r y s a m p l i n g conduc ted in June 1988
yielded order-of-magnitude lower results for surface w a t e r , w h i l e
two sediment samples con ta ined q u a n t i f i a b l e tris concentrations
of 300 and 402 ug/kg. However, based on investigations conduc ted
as pa r t of th is s tudy , it is concluded that potential receptors
dwelling w i t h i n the w e t l a n d , such as macro!nver tebra tes , f i s h ,
birds and mammals, are not affected by the New Castle Spill Site.

An i n v e s t i g a t i o n of D N R E C f i l e s to i d e n t i f y potential users of
groundwa te r f r o m the Co lumbia a q u i f e r w i t h i n a 2 - m i l e r a d i u s
nor th of the New Castle Spil l Site, and 1-mile south of the New
Castle Spill Site indicate that there are no wi thdrawls of ground
w a t e r f r o m t h e C o l u m b i a f o r e i t h e r d o m e s t i c o r m u n i c i p a l
purposes.

1.7 Conceptual Models

The conceptual models describe the flow of ground water below the
site in terms of stratigraphy and direction (Figures 1-4 and 1-5).
Two aquifers underlie the site: the Columbia and the Potomac.
The Columbia aquifer is unconfined and the top of the water table
occurred at 5 to 7 feet below grade. The ground water flow
velocity of the Columbia aquifer was measured to be 1.0 ft/day
with ground water flow direction in the northern part of the site
to the north-northwest. In the southern portion of the site,
ground water flows to the west at a velocity of 0.5 ft/day {ERM
1989). Within the study area, the direction of aground water
flow in the Potomac aquifer is unknown. Martin (1984) estimates
the hydraulic conductivity of the Potomac aquifer to be 25 ft/day.
There is no measurable recharge of the Potomac by the Columbia at
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the site, as demonstrated by the Theis drawdown curves. The
Potomac aquifer is confined by two clay beds, the lower being a
sandy clay. The Potomac aquifer is currently being used as a
drinking water supply.

In the southern portion of the site, the ground water flow
direction is to the west and is a possible route for migration of
compounds from the site to the marsh, where mixing with surface
water might occur. This is made possible by the high water
table, which can mobilize water soluble compounds at only a few
feet below land surface.

The ma in factor preventing the mobil ization of tris or other
compounds, is the high clay content of the soil above the
Columbia aquifer. The clay and silty sand matrix promotes
sorption of compounds onto soil and prevents them from leaching
into the ground water.

1*8 Format of the EA

The format of this report includes the following sections:

Methodology;
Indicator Compounds;

- Exposure Assessment;
Toxicity Evaluation;
Risk Characterization; and
Conclusions.
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SECTION 2

METHODOLOGY

2.1 EPA's Endangerment Assessment Process for CERCLA Sites

This sect ion provides a broad overview of the CERCLA Endangerment
Assessment ( E A ) process. The discussion is not in tended to b e ' a
comprehens ive gu ide to preparing risk assessments. EPA has
proposed g u i d e l i n e s fo r t he p r e p a r a t i o n o f EAs in t he
E n d a n g e r m e n t A s s e s s m e n t Handbook ( U S E P A , 1985a) , S u p e r f u n d
P u b l i c H e a l t h E v a l u a t i o n M a n u a l ( U S E P A , 1 9 8 6 a ) , E x p o s u r e
Assessment Handbook (US EPA, 1988), and Toxicology Handbook (US
EPA, 1986b).

An EA is normal ly conducted a f t e r the complet ion of a Remedial
Investigation ( R I ) . The RI determines the na ture and extent of
contaminat ion at a site, and its results form the data base from
which potential exposures can be determined and risks assessed.
In a d d i t i o n , the RI defines whether or not the present conditions
at the site are at steady state.

There are fou r eva lua t ions wh ich must be completed in a CERCLA
EA:

1. Iden t i f i ca t ion of indicator compounds, which are used to
represent the po ten t i a l r isks posed by c a r c i n o g e n i c and
noncarcinogenic compounds at the site;

Th«



2. Exposure evaluation, which includes the calculation of doses
to potentially exposed human and/or non-human populations;

3. T o x i c i t y eva lua t ion of the po ten t i a l c a r c inogen ic i t y and
noncarcinogenic effects of site indicator compounds; and

4. Charac te r i za t ion of the risks to h u m a n popu la t ions and/or
the environment.

2.2 Indicator Compounds

For the p u r p o s e o f an e n d a n g e r m e n t a s s e s s m e n t , i n d i c a t o r
compounds are selected on a s i t e - spec i f i c bas i s . These are
genera l ly the compounds that are most prevalent and represent the
majority of risk posed by the site.

The s e l ec t i on and r a n k i n g of ind ica to r chemicals fo l lows the
procedure outlined in the Superfund Public Hea l th E v a l u a t i o n
M a n u a l (US E P A , 1 9 8 6 a ) . As pa r t o f t he ind ica to r compound
selection process, toxicological informat ion about each compound
was compi led us ing Append ix C of the S u p e r f u n d Pub l i c H e a l t h
Evaluation Manual (US EPA, 1986a) . A range and representative
c o n c e n t r a t i o n f o r e a c h c o m p o u n d w a s c a l c u l a t e d f o r e ach
appropriate medium. This information includes the following:

1 . t o x i c o l o g i c c l a s s : p o t e n t i a l c a r c i n o g e n s ( P C ) o r
noncarcinogens ( N C ) ;

2. severity-of-effect ratings value for noncarcinogens;

TtM
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3. weight-of-evidence ratings for carcinogens; and

4. toxicity constants for the various environmental media.

Data used in the selection of indicator chemicals were subjected
to comprehensive qua l i t y assurance and qua l i t y control r ev i ew .
C a m b r i d g e A n a l y t i c a l , I n c . a n a l y z e d t h e s a m p l e s f r o m t h e
t h e N e w Cast le Spi l l S i t e O p e r a b l e U n i t R I . E R M ' s q u a l i t y
con t ro l and qua l i t y assurance p rocedures , i n c l u d i n g c h a i n of
custody documentation, split samples, repl icate analyses , sample
s p i k i n g w i t h a n i n t e r n a l s t a n d a r d , r o u t i n e i n s t r u m e n t
calibration, methodology ( e x t r a c t i o n ) b l anks , and adherence to
recommended sample h o l d i n g times and storage temperatures, were
also implemented.

The s i te-related compounds i d e n t i f i e d at the New Cast le Spill
S i t e w e r e s u b d i v i d e d i n t o p o t e n t i a l c a r c i n o g e n s a n d
noncarc inogens . An indica tor score ( I S ) , w h i c h is the product
(CT) of the compound concentration (C) and the toxic i ty cons tan t
( T ) , was calculated for each m e d i u m and then summed to yield a
total indicator score per compound. The compounds were t h e n
ranked numer ica l ly based upon decreasing indicator scores. The
top-scoring compounds (based on IS values) were then re-evaluated
based u p o n f r e q u e n c y of detect ion , w a t e r solubi l i ty , vapor
pressure, Henry 's law constant, and soil organic carbon pa r t i t i on
coe f f i c i en t (K o c ) to de termine the f i n a l indicator compounds .
This re-evaluation has a direct relationship to the IS value but
se l ec t i ve ly e l iminates those compounds which are degrada t ion
products, have similar physical or chemical properties, or have
comparable half-lives in the various environmental media.
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2.3 Exposure Evaluation

The p u r p o s e of an e x p o s u r e e v a l u a t i o n i s to d e t e r m i n e the
possible in t ake of each ind ica to r c o m p o u n d by a p o t e n t i a l l y
e x p o s e d p o p u l a t i o n and /o r t he e n v i r o n m e n t . The modes o f
contaminant transport, leading from the sources on the site to a
poin t of po ten t i a l exposure, are def ined. Concentrations of the
ind ica to r compounds are de te rmined in each m e d i u m at a p o i n t
w h i c h a p o p u l a t i o n may be exposed ( i . e . , exposure po in t
c o n c e n t r a t i o n ) . A p o t e n t i a l l y exposed p o p u l a t i o n i s t h e n
d e f i n e d , a n d poss ib le doses a r e d e t e r m i n e d . F i n a l l y , t h e
possible i n t a k e resu l t ing f r o m the po t en t i a l e x p o s u r e i s
calculated.

The sources of c o n t a m i n a t i o n at the site are given in the RI.
The exposure evaluation determines the migrat ion of contaminants
f r o m the s i te to po ten t ia l ly exposed popula t ions th rough the
following tasks:

E v a l u a t i n g f a t e and transport processes for the indicator
compounds;

Establishing exposure scenarios for each medium;

D e t e r m i n i n g possible e x p o s u r e s to potent ia l ly a f f ec t ed
populations; and.

Calculating doses and resultant intakes.

The2-4
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2.3.1 Evaluating Fate and Transport Processes for the
Indicator Compounds

The f i r s t step in the ana ly s i s of exposure is to eva lua te the
i m p o r t a n t f a t e a n d t r a n s p o r t processes f o r t h e i n d i c a t o r
c o m p o u n d s in a q u a l i t a t i v e m a n n e r . This is done so that the
potential for releases from sources of c o n t a m i n a t i o n can be
e v a l u a t e d . T h i s a n a l y s i s c an also i d e n t i f y any s i g n i f i c a n t
i n t e r m e d i a transport routes that may need to be e v a l u a t e d in
de ta i l la ter , in f a t e and t ransport mode l ing . Examples of the
f a t e and t ransport processes of compounds in the te r res t r ia l ,
atmospheric, and aquatic environments are presented in Figures
2-1 and 2-2.

Examples of the e n v i r o n m e n t a l fa tes of the indicator compounds
include sorption by soils and sediments, vola t i l iza t ion into the
a t m o s p h e r e , p h o t o c h e m i c a l degrada t ion , and b i o a c c u m u l a t i o n .
P h y s i c a l a n d c h e m i c a l c o n s t a n t s s u c h a s s o l u b i l i t y a n d
octanol-water part i t ion coefficients are tabulated so that their
importance in af fect ing fate and mobility of the contaminants can
be evaluated.

2.3.2 Establishing Exposure Scenarios for Each Medium

An exposure scenario q u a l i t a t i v e l y es tabl ishes the connec t ion
between a source of a con taminan t and a human popula t ion . The
m o d e o f e x p o s u r e to the p o p u l a t i o n , such a s i n h a l a t i o n ,
inges t ion , or dermal c o n t a c t , is i d e n t i f i e d as pa r t of the
e x p o s u r e s c e n a r i o s . E x p o s u r e s cena r ios a re d e t e r m i n e d by
i n t e g r a t i n g i n f o r m a t i o n f r o m t h e R I w i t h k n o w l e d g e a b o u t
potentially exposed populations and their likely behavior.

Tht
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Figure 2-2
Fate and Transport Processes of

Chemicals in the Aquatic Environment
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2.3.3 Determining Exposures to Potentially Affected
Populations

The nex t step is the q u a n t i t a t i v e determinat ion of the exposure
concent ra t ions a t the potent ia l points of contact w i t h h u m a n
popula t ions , This step may be qui te compl ica ted ; i t r equ i res
knowledge of the c o n t a m i n a n t source and i ts b e h a v i o r in , and
e f f e c t on, the env i ronment between the site and any potent ial ly
exposed populations. The exposed populations for each medium may
also be d i f f e r e n t , as w o u l d be the case if the d i r ec t i on of
ground water flow were opposite to that of the prevailing wind.

I f the t r a n s p o r t i n g m e d i u m can be t r e a t e d as s teady-s ta te ,
monitoring data may be used to quant i fy exposure concen t ra t ions .
I f no d a t a a r e a v a i l a b l e o r i f t r a n s i e n t , i n c r e a s i n g
concent ra t ions are suspected, models may be used to p r e d i c t
concentrations.

G r o u n d w a t e r c o n t a m i n a n t t r a n s p o r t t h r o u g h a d v e c t i o n a n d
dispersion is normal ly described in the RI. Transpor t in such
other media as sur face water and the atmosphere is not normally
evaluated in the RI, and modeling assessments are of ten required
t o d e t e r m i n e e x p o s u r e s . M a n y f a c t o r s , i nc lud ing the fa te
processes reviewed previously, are considered when select ing the
most appropriate model.

2.3.4 Calculation of Doses to and Possible Intakes by
Potentially Exposed Populations

Once exposure concentra t ions in all media have been determined,
t h e r e s u l t a n t doses a n d i n t a k e s t o p o t e n t i a l l y e x p o s e d
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p o p u l a t i o n s are ca l cu l a t ed . Dose is d e f i n e d as the a m o u n t of
c o m p o u n d c o n t a c t i n g b o d y b o u n d a r i e s ( s k i n , l u n g s , o r
gas t ro in t e s t i na l t r a c t ) , and in take is the amount of chemical
absorbed by the body. To ca lcula te dose and i n t a k e , s eve ra l
factors must be considered:

the amount of con t amina t ed medium that contacts in ternal or
external body surface dur ing each exposure event;

the a m o u n t o f c o n t a m i n a n t absorbed d u r i n g each exposure
event; and

the frequency of each exposure event.

Doses and intakes are normally calculated together since they are
very similar . Short-term (maximum) and long-term (average) doses
are c a l c u l a t e d in the same m a n n e r . F i rs t , for each exposure
pathway under consideration, a dose per event is developed. This
va lue q u a n t i f i e s the amount of contaminant contacted dur ing each
exposure event. "Event" may have di f ferent meanings depending on
the nature of the scenario under consideration (e.g., each day's
inhalation of contaminated air constitutes an inhalat ion exposure
e v e n t ) . The quan t i t y of contaminant absorbed per event ( i n t a k e )
is calculated by considering the concentration of contaminant in
the m e d i u m in w h i c h exposure occurs, the rate of contact w i t h
the med ium ( i n h a l a t i o n rate, i nges t i on ra te , e t c . ) , and the
duration of each event.

Event-based intake values are converted to f inal intake values by
mul t ip lying the dose per event by the f r equency of exposure
e v e n t s o v e r t h e t i m e f r a m e b e i n g c o n s i d e r e d . S u b c h r o n i c
(short-term) exposure is based on the number of exposure events

TtM
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t h a t o c c u r d u r i n g t h e s h o r t - t e r m t i m e f r a m e u s i n g m a x i m u m
c o n t a m i n a n t c o n c e n t r a t i o n s i n t h e m e d i a t o d e f i n e d o s a g e .
S u b c h r o n i c e x p o s u r e v a l u e s are in t ended to represent 10- to
90-day exposures. Chronic (long-term) exposures are based on the
number of events that occur w i t h i n an assumed 70-year l i f e t ime
using average contaminant concen t ra t ions in the media to d e f i n e
dosage.

E s t i m a t e s of d a i l y i n t a k e s of c o n t a m i n a n t s are necessary to
assess risk. Dai ly i n t a k e es t imates are expressed in terms of
mass of c o n t a m i n a n t per u n i t of body mass per day . They are
der ived by d i v i d i n g average dai ly exposures by an appropr ia te
average body mass—a 70 kg adult , for example.

For ca rc inogens , the GDI values are used to assess carcinogenic
risk. For compounds with noncarcinogenic e f f e c t s , both SDIs and
GDIs are used to evaluate acute and chronic effects .

In the New Castle Spill Site assessment, three routes of exposure
a r e a p p l i c a b l e : i n g e s t i o n o f c o n t a m i n a n t s , i n h a l a t i o n o f
v o l a t i l i z e d con taminan t s , and dermal exposure to contaminants .
Calculations were made for each exposure mechan i sm according to
the Superfund Exposure Manual (US EPA, 1988).

2 . 3 . 4 * 1 Inhalation Exposure

Potent ial inhalation intakes are estimated based on the number of
h o u r s i n each e v e n t , t he i n h a l a t i o n r a t e o f t he e x p o s e d
ind iv idua l during the event, and the concentration of contaminant
in the air breathed. The fo rmula for ca lcula t ing event-based
dosage is:
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IEX = D x I x C x RF,
where

IEX = estimated inhala t ion intake (mass of contaminant per event )

D = durat ion of an exposure event (hours per event )

I - average inhalat ion rate of exposed persons (cubic meters
per hour)

C = contaminant air concentration throughout the exposure
period (milligrams per cubic meter of contaminated
a i r )

RF= r e t e n t i o n factor of inhaled compound, i.e., the fraction of
the i n h a l e d c o n c e n t r a t i o n t ha t i s absorbed i n t o the
b l o o d s t r e a m ( a s s u m e d to be an average of 0 , 5 0 for most
compounds)

Subchronic ( s h o r t - t e r m ) exposure resul t ing f r o m i n h a l a t i o n is
calcula ted us ing the m a x i m u m c o n t a m i n a n t a i r c o n c e n t r a t i o n .
C h r o n i c ( l o n g - t e r m ) e x p o s u r e i s b a s e d o n t h e a v e r a g e
concentration.

2.3.4.2 Dermal Exposure

Dermal in take is determined by the concent ra t ion of haza rdous
substance in a contaminated m e d i u m that is contacted, the body
sur face area contacted, the dura t ion of the contact, the f l u x ,
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and the absorbed fraction. For exposure to contaminated water,
dermal intake per event is calculated as follows:

DEX = D x A x C x Flux x ABS

where

DEX = estimated dermal intake per event (mass of contaminant
per event)

D = duration of an exposure event (hours per event)

A = skin surface area available for contact (cm2)

C « contaminant concentration in water (weight fraction)

Flux » flux rate of water across skin (mass/cm2/hr)

ABS - amount of contaminant absorbed

For exposure to contaminated soil, dermal intake per event is
calculated as:

DEX = fw x A x DA x fa x M

where

fw = weight fraction of chemical substance in soil (unitless)

A = skin surface area exposed per event (cm2/event)

DA = dust adherence (mg/cm2)

2-10
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fa = the f rac t ion of a chemical absorbed through the sk in

M = the degree to which the soil mat r ix impedes absorption,
expressed as a percentage.

Possible subchron ic i n t ake r e su l t i ng f r o m each dermal exposure
event is calculated us ing the m a x i m u m ( shor t - t e rm) c o n t a m i n a n t
c o n c e n t r a t i o n s in wa te r . Chronic in take is based on average
(long-term) contaminant concentrations.

2.3.4.3 Ingestion Exposure

P o t e n t i a l i n t a k e r e s u l t i n g f r o m i n g e s t i o n of soil-borne or
wate r -borne c o n t a m i n a n t s i s d e t e r m i n e d by m u l t i p l y i n g the
c o n c e n t r a t i o n of the con t aminan t in the soil or water by the
amount of soil or w a t e r i nges t ed per day and the degree of
absorption (assumed to be one hundred percent).

2*4 Toxicity Evaluation

The se lec ted i n d i c a t o r compounds are sub jec ted to tox ic i ty
eva lua t i on to develop a da t a base of q u a n t i t a t i v e t o x i c i t y
indices against which intakes can be compared du r ing the r isk
characterization evaluation.

This e v a l u a t i o n p resen t s s u m m a r i e s o f heal th e f f e c t s da ta ,
pharmacokinetics and metabolism, toxic and carcinogenic e f f e c t s ,
and applicable and relevant standards available for the indicator
chemicals. Because of its m a j o r impact on the r isk e v a l u a t i o n ,
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the procedures used for c lass i fying animal and human carcinogens
by both the EPA and the I n t e r n a t i o n a l Agency for R e s e a r c h on
Cancer ( I A R C ) of the World Health Organiza t ion , and the at tendant
uncer ta in t ies , will be presented.

E v a l u a t i o n s of ca rc inogen ic i ty basically involve two steps: (!)
t h e i d e n t i f i c a t i o n o f p o t e n t i a l c a r c i n o g e n s a m o n g t h e
c o n t a m i n a n t s p r e s e n t a t t h e s i t e , a n d ( 2 ) t h e q u a n t i t a t i v e
determination of their carcinogenic potency.

Evidence of possible ca rc inogen ic i ty in humans comes pr imari ly
from long-term animal tests and epidemiological investigations.
Resu l t s f r o m these studies are supplemented with information from
short-term tests, pharmacokinetic studies, comparative metabol i sm
studies , s t ruc ture-ac t iv i ty re la t ionsh ips , and other re levant
information sources.

For j u d g i n g the qua l i t a t i ve evidence of carcinogenicity, EPA and
IARC have adopted a policy of "weight-of-evidence", mean ing tha t
the q u a l i t y and a d e q u a c y of a l l r e l e v a n t data on responses
induced by a possible carcinogen using d i f f e r e n t procedures wi l l
be considered. There are three m a j o r steps in determining the
weight-of-evidence for carcinogenicity:

1. Charac te r i za t ion of the evidence from human studies and from
animal studies individually,

2 . C o m b i n a t i o n of the two types of s t u d i e s i n t o a f i n a l
i n d i c a t i o n o f o v e r a l l w e i g h t - o f - e v i d e n c e f o r h u m a n
carcinogenicity, and
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3. E v a l u a t i o n of all supportive informat ion to determine if the
overall weight-of-evidence should be modified.

F u r t h e r de t a i l s conce rn ing the classification systems of EPA and
IARC, and on the use of these data in the endangerment assessment
process are presented in Appendix A.

The second p h a s e in c a r c i n o g e n a s ses smen t invo lves the
q u a n t i f i c a t i o n of r i sk . E x p e r i m e n t a l s tudies of c a r c inogen i c
e f f e c t s that u t i l i z e the low exposure levels usually encountered
in the e n v i r o n m e n t g e n e r a l l y a re no t f e a s i b l e . T h e r e f o r e ,
various mathematical models have to be used for extrapolation
from the high doses used in an ima l bioassays down to the doses
involved with exposure to ambient environmental concentrations.
Since the resolution power of animal studies, for example, is not
adequate for precise elaboration of the dose-response curve,
extrapolating from a high dose to a low dose introduces a level
of uncertainty which may amount to orders of magnitude. Given
the recognized d i f f e r e n c e s in c a r c i n o g e n i c response b e t w e e n
species, and between strains of the same species, it is clear
t h a t a d d i t i o n a l u n c e r t a i n t i e s w i l l b e i n t r o d u c e d w h e n
quant i ta t ive extrapolations, as from rodents to humans, are made.
Of the various proposed models for q u a n t i t a t i v e ex t rapo la t ion ,
EPA recommends a linearized multistage model: "In the absence of
adequate information to the contrary, the l inear ized m u l t i s t a g e
model wi l l be employed" (Federa l Reg is te r , Gu ide l ines for
Carcinogen Risk Assessment, 24 September 1986) . The l i n e a r i z e d
multistage model assumes l ineari ty at low doses. Alternat ive
models do not assume a l inear re la t ionship and in general are
much less conservative. There is no biologically sound basis for
choosing one model over another. However , when applied to the
same data, the various models can produce a wide range of risk
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e s t i m a t e s ; the model recommended by EPA usua l l y produces the
highest estimates of risk. Moreover, this model does not p rovide
a best es t imate of r i sk , but ra ther an upper-bound probability
that the risk wi l l be less than the ca lcula ted value 95 percen t
of the time.

2.5 Risk Characterization

The r isks to po ten t ia l ly exposed popula t ions f r o m exposure and
subsequent intakes of the i nd i ca to r compounds are c h a r a c t e r i z e d
in three tasks:

1. Comparison with potentially Applicable or Relevant and
Appropriate Requirements (ARARs) ,

2. Calculation of Noncarcinogenic Hazard Indices, and

3. Calculation of Carcinogenic Risk.

2.5.1 Comparison with Potentially Applicable or Relevant
and Appropriate Requirements

In th i s s e c t i o n , the exposu re po in t c o n c e n t r a t i o n s of a l l
contaminants are compared to potent ia l ly appl icable or re levant
and appropriate requirements (ARARs) standards as defined by the
Nat iona l Cont ingency Plan ( N C P ) . A t p r e s e n t , EPA c o n s i d e r s
d r i n k i n g w a t e r m a x i m u m c o n t a m i n a n t levels ( M C L s ) , na t iona l
ambien t a i r qua l i ty s tandards ( N A A Q S ) , and federal ly approved
state wa te r quality standards developed under the Clean Water Act
to be p o t e n t i a l l y a p p l i c a b l e or r e l e v a n t and a p p r o p r i a t e
requirements.

•5-1 A
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2.5.2 Calculation of Noncarcinogenic Hazard Index

The H a z a r d I n d e x method is used for assessing the overal l
potential for noncarcinogenic ef fec ts posed by mult iple chemicals.
The Haza rd Index ca lcula tes a s a f e t y m a r g i n , a factor by which
the acceptable intake exceeds the estimated exposure level. This
app roach a s s u m e s t h a t m u l t i p l e subthreshold exposures could
result in an adverse e f f ec t and that the magnitude of the adverse
e f f e c t w i l l be p r o p o r t i o n a l to the sum of the ra t ios of the
s u b t h r e s h o l d e x p o s u r e s t o a c c e p t a b l e e x p o s u r e s . T h i s
relationship can be expressed as:

Hazard Index = E^/ALj + E2/AL2 + ... + E^

where :

E£ = Exposure level (or in take) for the i tn contaminant

ALi = Acceptable level (or intake) for the i tn contaminant

For a s ingle contaminant, there may be a potential adverse health
effect when the hazard index exceeds uni ty , a l though because the
"acceptable level" itself incorporates a large margin of safety
(safety factor) , it is possible that no toxic e f f e c t s may occur
even i f the "acceptable l eve l" is e x c e e d e d . For m u l t i p l e
chemical exposures, hazard indices, if summed, may resul t in an
overall hazard index that exceeds one even if no single chemical
exceeds i t s accep tab le level . H o w e v e r , the a s s u m p t i o n of
a d d i t i v i t y should be made only for compounds that produce the
same toxic effect by the same mechanisms of action.
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US EPA has d e v e l o p e d some p r e l i m i n a r y i n f o r m a t i o n r e g a r d i n g
Acceptable Intakes for Subchronic Exposures ( A I S s ) and Re fe r ence
Doses ( R f D ) (US EPA, 1986a). Where these are available, they are
used as acceptable levels for subchronic and chronic exposures ,
r e spec t ive ly . When unava i lab le , these intakes may be calculated
u s i n g a p p r o v e d U S E P A m e t h o d o l o g y f r o m w e l l - d e s i g n e d a n d
conducted toxicology studies on experimental animals.

2 .5 .3 Calculation of Carcinogenic Risk

For po ten t ia l carc inogens , risks are estimated as probabilit ies.
The ca rc inogen ic potency f a c t o r , w h i c h i s the u p p e r 95%
c o n f i d e n c e l imi t of the p robab i l i t y of a carcinogenic response
per unit intake over a l i f e t ime of exposure, converts es t imated
GDIs d i r ec t ly to incrementa l r isk values. This is not the only
methodology to calculate r isks, but it is l ikely to be an upper
bound. In general , because only relatively low GDIs are l ikely
to resul t f rom env i ronmenta l exposures , the EPA m e t h o d o l o g y
assumes that the exposure w i l l be in the l inear portion of the
dose-response curve. Based on this assumption, the slope of the
dose-response curve is equ iva len t to the carcinogenic potency
factor, and the risk is directly proport ional to the GDI at low
levels of exposure. The low-dose carcinogenic risk equation is:

Risk = GDI x Carcinogenic Potency Factor (CPF)

The carc inogenic r isks posed by each carc inogen are summed for
each receptor populat ion ( i . e . , ch i ld ren age 2-6, ch i ld ren age
6-12, and a d u l t s ) . The carc inogenic r isk for each receptor
population is then weighted , and f i n a l l y , the weighted results
are added to yield a l i fet ime weighted carcinogenic risk.
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2.6 Uncertainty

US EPA employs a great deal of conservatism in the process that
it proposes to describe human cancer risks. US EPA gives animal
test evidence stronger weight than IARC does in determining the
strength of evidence that a substance is a human carcinogen. In
this process, US EPA includes benign liver tumors in its
estimations. Additionally, US EPA suggests the use of the linear
multistage dose-response model to predict human cancer risk at
low doses. This model is more conservative than other standard
dose-response models. It forces linearity on the dose-response
curve, even if the experimental data are clearly nonlinear, and
it uses statistical upper confidence limits on risk rather than
most likely estimates. Furthermore, US EPA's procedure for
interspecies extrapolation uses a very conservative procedure
based on relative body surface area rather than body weight.

US EPA is conservative in calculating intakes over a lifetime,
for instance, in determining the amount of air that is breathed
or water consumed. US EPA is also conservative in estimating the
amount of chemical absorbed by the body. These combined factors
lead to a very high level of conservatism in the overall process,
with the effect of overestimating risks. The scenarios developed
as part of this assessment for the New Castle Spill Site EA
follow this philosophy as well, leading to a probable overall
overestimation of risk.
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SECTION 3

INDICATOR COMPOUNDS

3.1 Selection of Contaminants of Concern

T h e n u m e r o u s c o n t a m i n a n t s i d e n t i f i e d i n t h e R e m e d i a l
Investigation are composed of a diverse group of compounds w i t h
w i d e l y d i s p a r a t e p h y s i c o c h e m i c a l , e n v i r o n m e n t a l , a n d
toxicological propert ies. The extent of contaminat ion widely
var ied in concen t r a t ion and occurrence throughout the New Castle
Spill S i te . Thus , some c o n t a m i n a n t s represent a g r e a t e r
potent ia l r isk to h u m a n hea l th or the env i ronmen t than others
because of d i f f e r e n c e s in t o x i c i t y , c a p a c i t y to m i g r a t e to
receptors, and likelihood of exposure concentrations at levels
high enough to pose human health risks. It is ne i ther necessary
nor pract ical to evaluate all contaminants in terms of transport,
exposure, and attendant health or envi ronmenta l r isk in order to
e f f e c t i v e l y a d d r e s s e n d a n g e r m e n t . R a t h e r , a s e l e c t i v e
identification of contaminants of concern is under taken to focus
e f f o r t on a l imited set of compounds which represent the major
h a z a r d s associated wi th a pa r t i cu la r site. S e l e c t i o n of
ind ica tor compounds was pe r fo rmed in accordance to procedures
outlined in the Endangerment Assessment Manual (US EPA, 1985) and
described in detail in the Super fund Pub l i c Heal th E v a l u a t i o n
Manual (US EPA, 1986a). The detailed methodology of this process
was presented in Section 2.

3-1 Tht
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3.2 Indicator Compound Selection

During the indicator compound selection process, a maximum and
average concentration was determined for each chemical e v a l u a t e d .
Toxico logica l i n f o r m a t i o n cons i s t ing of po ten t ia l carcinogenic
( P C ) o r n o n c a r c i n o g e n i c ( N C ) c l a s s i f i c a t i o n , a n d t o x i c i t y
cons tan t s for w a t e r , soil, and air were obtained from Appendix C
of the Superfund Public Health E v a l u a t i o n M a n u a l ( U . S . E P A ,
1 9 8 6 a ) . T h e f i v e w o r k s h e e t s used t o d e v e l o p C T s ( m e d i a
concen t ra t ions (C) m u l t i p l i e d by tox ic i ty constants ( T C s ) and
i n d i c a t o r score ( I S ) v a l u e s are presented in A p p e n d i x 8 and
described as follows.

Worksheet 1 presents a summary of site-related monitoring data.
Worksheet 2 presents a s u m m a r y of m e d i u m - s p e c i f i c t o x i c i t y
constants for each compound detected at the New Castle Spill Site.
Workshee t 3 r a n k s c a r c i n o g e n i c c o m p o u n d s , and W o r k s h e e t 4
ranks noncarcinogenic compounds. Worksheet 5 presents the list
of t h i r t e e n c o n t a m i n a n t s o f conce rn and t h e i r r a n k i n g a s
c a r c i n o g e n s a n d n o n c a r c i n o g e n s , a n d l is ts o ther p h y s i c a l
propert ies of the chemica ls . The last column of W o r k s h e e t 5
shows whe the r the con taminan t has been chosen as an ind ica to r
compound for the site. The following are the indicator compounds
chosen for the New Castle Spill Site:

1) tris (2-Chloropropyl) phosphate ( t r i s ) ;
2) Trichloroethene ( T C E ) ; and
3) trans-l,2-Dichloroethene

Table 3-1 l i s ts the c o m p o u n d s de tec ted at the site and the
j u s t i f i c a t i o n f o r t h e i r s e l e c t i o n . B o t h T C E a n d

3—2 Th-
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TABLE 3-1
NEW CASTLE SPILL SITE INDICATOR CHEMICALS

JUSTIFICATION FOR SELECTION

3D
CO
CD

O
-P-
co

CHEMICAL DESIGNATED RATIONALE
Irons-1,2-Dlchloroethene
Trlchloroothene
1,2-Dlchlorobenzene
Iron
Manganese
Fluorene
Ethylbenzene
Acenaphthylone
Isophorone
Fluoranthene
Anthracene
Pyrene
Benz(a)anthracene
Benzo(a)pyrene
lndeno( 1,2,3-cd)pyrene
Chrysene
Carbon Dlsulflde
tr1$(2-Chloropropy1)pho$phate
Dlbenzofuran
Naphthalene
2-Methylnaphthalene
Benzo(b)nuoranthene

VES
YES
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
VES
NO
NO
NO
NO

Ranked high among noncarclnogens
Exceeds standards, ranked high
Ranks low. Infrequently detected, meets MCLG
Iron located In a non-drlnktng water aquifer
Detected at levels below Federal AWQC
Infrequently detected at low levels
Ranks low. Infrequently detected
Infrequently detected
Infrequently detected
Infrequently detected
Infrequently detected at low levels
Representative compound already chosen
Ranks low
Infrequently detected, mid-ranked
Infrequently detected
Representative compound chosen
Ranked high, but too Infrequently detected
Frequently detected at high levels
Infrequently detected
Infrequently detected at low levels
Infrequently detected at low levels
Ranked high, but with estimated data



trans-1, 2-d ichloroethene were chosen for their high IS rankings ,
as wel l as the i r f r e q u e n c y of de tec t ion . TCE ranks h igh as a
c a r c i n o g e n a n d t r a n s - 1 , 2 - d i c h l o r o e t h e n e r a n k s h i g h a s a
n o n c a r c i n o g e n . A l t h o u g h t h e r e a r e n o t o x i c i t y c o n s t a n t s
ava i l ab le in the S u p e r f u n d Publ ic Heal th E v a l u a t i o n Manual for
tris, its frequency of occurrence, concentration, and re la t ion to
pas t s i te a c t i v i t i e s j u s t i f i e s i t s cho i ce a s an i n d i c a t o r
compound. Of the three, only TCE is c u r r e n t l y considered a
"probable" human carcinogen by EPA.

3.3 Discussion of the Classification of Chemicals

A g e n e r a l d i s c u s s i o n of the c h e m i c a l c lasses and seve ra l
representative compounds detected during the RI is presented here
to e m p h a s i z e the i m p o r t a n c e of e x a m i n i n g physical /chemical
parameters when selecting indicator compounds.

Both TCE and its degradation product, trans-1,2-dichloroethene,
are c l a s s i f i ed as volat i le organics . Whi l e TCE is re la t ive ly
v o l a t i l e , w i t h a v a p o r p r e s s u r e o f 5 8 m m H g ,
trans-1,2-dichloroethene is quite volatile, with a vapor pressure
of 324 mm Hg. Both compounds are purgeable organics.

Tris is a semivolatile with a vapor pressure of less than 2 mm Hg.
Its solubility in water at 30°C is 0.11 wt . % or 1,100 mg /L .
O t h e r f r e q u e n t l y de t ec t ed s e m i v o l a t i l e s i n c l u d e c h r y s e n e ,
anthracene, pyrene, f luoranthene, and phenan th rene . All are in
t h e c l a s s o f p o l y a r o m a t i c h y d r o c a r b o n s ( P A H s ) w h i c h a r e
b a s e - n e u t r a l e x t r a c t a b l e o rgan i c s . W h i l e these PAHs a re
f r e q u e n t l y detected in high concent ra t ions , their EPA-approved
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toxicity constants and locations on the site make them less of a
potential hazard than the selected indicator compounds.

The i n o r g a n i c s de tec ted , iron and manganese , were f r e q u e n t l y
found at high concentrations. They are often present in soils at
h i g h levels ( C o n n o r and Shack le t t e , 1975) , and they do not
volati l ize easily but tend to adsorb onto soil par t ic les . As a
resu l t , they are not transported easily to the air or into ground
water, and they were not considered as representa t ive ind ica to r
c o m p o u n d s . T h e s e c o m p o u n d s ' c o n c e n t r a t i o n s a r e a l so
representative of the native soils in the region.

3-4
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SECTION 4

EXPOSURE ASSESSMENT

4.1 General Information

The purpose of an exposure evaluation is presented in Section 2.
The three major components are as follows:

E v a l u a t i n g environmental fate and transport of the indicator
compounds;

Establishing exposure scenarios;

D e t e r m i n i n g poss ib l e exposures to po ten t ia l ly a f f e c t e d
populations, and

Calculating doses and resultant intakes.

4.2 Environmental Fate and Transport

The three indicator compounds chosen for the New Castle Spill
S i t e b e h a v e d i f f e r e n t l y i n e a c h o f t h e t h r e e t y p e s o f
e n v i r o n m e n t a l media being considered: surface water, ground water
and soil. In general, TCE and trans-1 ,2-dichloroethene tend to
be more mobile in the environment than tris, since they tend not
to absorb onto soils, as tris does. These two compounds also
tend to be less p e r s i s t e n t in the e n v i r o n m e n t , because they
hydrolyze and volatilize more q u i c k l y than tris. Complete f a t e

0423N5 4-1
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and t r a n s p o r t p r o f i l e s fo r t he i n d i c a t o r compounds appear i n
Appendix C. Table 4-1 shows the relative importance of processes
influencing fate and transport for the indicator compounds.

I t i s a s s u m e d t h a t c o m p o u n d s p r e s e n t a t t h e s i t e m a y b e
t r anspor ted both o f f s i t e and to the m a r s h by g r o u n d w a t e r
movement. Tris may be transported by surface water r u n o f f as
well a long the ra i l road t racks to the marsh, as ev idenced by
e x i s t i n g d r a i n a g e pa t t e rns l ead ing f r o m the s i te . I t i s also
assumed that some remaining tris con tamina t ion is present in the
marsh as a result of the 1978 pumping of site ground water . This
a s s u m p t i o n is made based upon t r i s 1 lower vapor p r e s s u r e
( i . e . , low v o l a t i l i t y ) and t e n d e n c y to sorb, resistance to
hydrolysis and strong phosphate bonds. Table 4-2 detai ls the
p h y s i c a l p r o p e r t i e s o f t h e i n d i c a t o r c o m p o u n d s t h a t h e l p
determine their environmental fate and transport.

4.3 Exposure Scenarios for the Environmental Media

The p r i m a r y exposure pa thways for the ind ica tor compounds are
influenced by the geology and hydrology of the site as well as
the chemica l propar t ies of the ind ica to r compounds. These
fac to rs in teract to d e f i n e the v a r i o u s rou t e s by w h i c h the
c o m p o u n d s o r i g i n a t i n g a t the s i te could a f f e c t po t en t i a l l y
exposed popula t ions . These routes are presented in deta i l in
Table 4-3 and summarized as follows:

Mediurn Exposure Route

Air - None
Surface Water - Dermal Contact

0423N5 4-2
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TABLE 4-1
RELATIVE IMPORTANCE OF PROCESSES INFLUENCING FATE

OF THE INDICATOR COMPOUNDS FOR THE NEW CASTLE SPILL SITE

COMPOUND

ThchlonwUwtt

trwis- 1.2-DtcMWMthMM

trl S(2-ChlOTODTODUl >DlM>9DtMU

SORPTION

NO

NO

VES

VOLATILIZATION

VES

VES

NO

BIODEGRADATION

VES

NO

UNCLEAR

PHOTOLYSIS

NO

NO

UNCLEAR

HYDROLYSIS

YES

VES

NO

BIOACCUMULATION

NO

NO

NO

OXIDATION

UNCLEAR

UNCLEAR

UNCLEAR

REFERENCES:
MILLS, W B . E T AL. 1982
CALLAHAN. M.A. ET AL. 1979

GO
CD

O
XT
CD



TABLE 4-2
PHYSICAL PROPERTIES OF THE INDICATOR COMPOUNDS

FOR THE NEW CASTLE SPILL SITE

CO
CD

PROPERTY
MOLECULAR WEIGHT, g
MELTING POINT, "C
BOILING POINT, °C
DENSITY, g/mL
FLASH POINT. °C

PARTITION COEFFICIENT
WATER SOLUBILITY, mg/L(25°C)
OCTANOL WATER, Kow
SEDIMENT WATER, Kbc
MICROORGANISM WATER, Kb

Kug/g)/<mg/L>]

VOLATILIZATION COEFFICIENTS
HENRY'S LAW COEFFICIENTS (atm-mSArwl)
VAPOR PRESSURE. mmHG (25°C)
REAERATON RATE RATO Kvtfkvo

Uans-1.2-
Dichloroethene

9.69E+01

6.00E+01
1.26E+00
3.90E+01

6.30E+04
3.02E+00
5.90E+01
4.80E+01

6.S6E-03
2.65E+02
6.01 E-01

Trichloro-
ethene

1.31E+02
-7.30E+01
8.70E+01
1.46E+00

1-10E+03
2.40Ev02
1.26E+02
9.70E+01

9.10E-03
5.79E+01
5.50E-01

lris{2-Chloro
propvDphosphate

328.00

1.29
218.00

0.11 wt % Of 1100 mg/L
199 '

92.7 *•

<2

Source: Supertund Health Evaluation Manual, USEPA 1986
Aquatic Fata Process Data for Organic Priority Pollutants, Mabey et al.. 1982.

* From EPA comment package dated March 1989
" From SPHEM. 1986 log Koc - (-0.55 x Log solubility) + 3.64
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TABLE 4-3
EXPOSURE PATHWAYS FOR

NEW CASTLE SPILL SITE

Scenario
Transport

Media
Source Release

Mechanism
Exposure

Point
Exposure

Route
Selected for

Analysis

Present,
existing

Air Contaminaied soil Volatilization

Fugitive Dust

Contaminated surface water Volatilization

Surface Water Contaminated groundwater Ground Water Discharge

Ponded water Surface Runoff

Soii/Sedimenis Contaminated ground water Qroundwater Transport,
Adsorption

Hypothetical Ground Water
Future use

Spill

Contaminated soil

CO
CD
•— Katies represents change in table
CD
crj
CD

Adsorption

Leaching, Transport

Leaching, Transport

Leaching, Transport.
Volatilization

On-stte or Off-site Inhalation

On-sHe or Off-site Inhalation

On -site or Off-site Inhalation

Adjacent marshland Dermal Contact

Adjacent Marshland Dermal Contact

Adjacent Marshland Dermal Contact

On-Site

Local Residence

Local Residence

Local Residence

PICA Behavior

Dermal Contact

Dermal contact

Ingestion

Inhalation

No - sfte covered by cement over
majority ol area

No - site covered by cement over
majority of area

No - Tris not volatile, other indicators
present In low concentrations

Yes • Marsh is near residential area

Yes • Ponded area near tracks runs off
to marsh area

Yea - Marsh sod tf exposed in dry weather includes
incidental ingestion

No- Behavior not likely

No - Site covered by cemem over majority ol area

Yes - Future use of Columbia aquifer

Yes - Future use ot Columbia aquifer

Yes - Future use ot Columbia aquifer
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Ground Water* - Dermal Contact while Bathing \<
- Ingestion of Drinking Water
- Inhalation while Bathing

*Evaluated only as a hypothetical scenario

4.3.1 Air

Since the ind ica tor compounds a re 'e i ther relatively nonvolati le,
or p r e s e n t i n soi l b e n e a t h t he c o n c r e t e p a d , a i r i s no t
considered a s ignif icant transport medium.

4.3.2 Ground Water

Under the cu r ren t , ex i s t ing condi t ions scenario, ground water
transports compounds located on site to the marsh area where it
is able to mix w i t h the surface water. Compounds can be exposed
t o the popula t ion v ia s u r f a c e w a t e r c o n t a c t . The C o l u m b i a
a q u i f e r does not present ly supply residents w i t h d r i n k i n g or
bathing water.

An exposed population is not available for assessment of exposure
via residential use of ground water under the cu r r en t , e x i s t i n g
c o n d i t i o n s scenar io because 1) d r i n k i n g water is suppl ied by
municipal wells, 2) private or residential wel ls in the C o l u m b i a
a q u i f e r do not exist as evidence in the well inventory, 3) the
Potomac aquifer is the source of regional potable w a t e r , and 4)
the closest operat ing municipal well is completed in the Potomac
aquifer and located approximately 0.7 miles d o w n g r a d i e n t . Based

0423N5 4-3
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on the wel l inventory performed dur ing the RI, no munic ipa l wells
are installed in the Columbia aquifer.

The C o l u m b i a aqui fe r has been classified as GW-2B by U.S . EPA and
p u m p tes t r e su l t s d o i n d i c a t e t h a t t h i s a q u i f e r i s v e r y
product ive . There fore , a hypothet ica l , future-use ground water
scenario consisting of a well installed at the property b o u n d a r y
was employed to de te rmine the hazard and/or risk to a population
who m i g h t use the Columbia aqu i fe r downgradient of NCSS as a
water supply. This scenar io is h'ighly unl ike ly since residents
c u r r e n t l y f r a n c h i s e t o m u n i c i p a l w a t e r s u p p l y b u t a r e n o t
restricted from drilling private wells.

D r i n k i n g w a t e r a n d b a t h i n g e x p o s u r e routes through Potomac
aqui fe r use are not analyzed because of the lack of localized
recharge f r o m the Columbia aquifer to the Potomac aquifer beneath
it. There is a 80- to 90-foot c lay u n i t s e p a r a t i n g the two
aquifers that prevents recharge. Thus, migration of contaminants
from the Columbia aquifer into the Potomac aquifer is unl ikely .

4.3.3 Surface Water

Surface water is an exposure medium to the extent that people in
the residential area may come into contact wi th the water of the
m a r s h l a n d . This scenario occurs chief ly as children play in the
area, but it is also assumed that adul t s may come in to contac t
with the surface water. The marsh lies only a few yards from the
residences. There is a clear path of access for c h i l d r e n in the
fo rm of a large break in the tall grass sur rounding the marsh.
It is only a few yards further to marsh water , which is present

0423N5 4-4
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12 months of the year. This site thus represents an attractive
year-round play area for local children.

Exposure to contaminants from surface water contact is based upon
supposed presence of tris in the marsh area due to past ground
water pumping into the marsh and of other indicator compounds
owing to ground water discharge and surface water movement from
the site area to the marsh area. Figure 1-5 shows estimated
ground water movement from the south end of the site to the marsh.
In the case of ground water movement as a pathway, ground water
is assumed to mix with the surface water after discharge to the
marsh. In the case of surface water movement to the marsh it is
observed that ponded water at the railroad tracks drains in the
direction of the marsh.

The quantity of on-site contaminants that can travel to the marsh
via ground water discharge is presently unknown. Similarly, the
amount of mixing between the discharged ground water and surface
water is also unknown. Information regarding both variables will
help determine what level of contaminants are potentially
available to expose the population. The scenarios described are
possible occurrences given estimated geologic and hydrologic
characteristics of the area.

4.3.4 Soil/Sediments

Soil is an exposure medium similar to surface water. Children
and adults may come into contact with soil in the area of the
marsh, or near the railroad tracks. This contact also includes
incidental ingestion through casual contact with soil on hands
and fingers. The exposure concentrations used to calculate acute

0423N5 4-5
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hazard from soil contamination are from monitoring well MW-5.
MW-5 data is being used to represent the worst possible soil
concentrations for the study area. An average of all soil data
across the site is used to calculate the chronic hazard. Soil
can become contaminated through the adsorption of contaminants
onto soil particles after ground water transport, or directly,
after a spill of a contaminant.

4.4 Exposures to Potentially Affected Populations

The potentially affected populations consist of the adults and
children living in the residential area to the west of the site.
These populations are assumed to be exposed in different ways and
to be affected differently by exposure. Routes of exposure
concerning contaminant intakes and dosage are analyzed for each
of three populations: Adult, Child Age 6-12, and Child Age 2-6.
The routes of exposure for the different populations are outlined
in Table 4-4.

The hypothetical, future-use ground water scenario involves an
exposed family who could possibly use the Columbia aquifer in the
vicinity of NCSS as a potable water supply. Routes of exposure
concerning intakes and dosages are analyzed for adults, child age
6-12 and child age 2-6. The routes of exposure for the
hypothetical population are also outlined in Table 4-4.

4.5 Calculations of Dosages and Resultant Intakes

The amount of contaminants that populations are exposed to
depends on habits of the population. Assumptions behind these
habits are presented in Table 4-5 for the different routes of

0423N5 4-6
The



TABLE 4-4
ROUTES OF EXPOSURE

USED IN CALCULATION OF INTAKES
NEW CASTLE SPILL SITE

SCENARIO POPULATION
EXPOSURE

TYPE
EXPOSURE

ROUTE

Present,
existing

Hypothetical
Future use

Child 2-6

Child 6-12

Adult

Child 2-6
Child 6-12

Adult

Dermal Playing in soil of marshland and near rail-
road tracks - includes incidental ingestion

Surface water contact

Dermal Playing in soil of marshland and near rail-
road tracks - includes incidental ingestion

Surface water contact

Dermal Surface water contact
•

Casual contact with soil

Inhalation Exposure while bathing

Ingestion Drinking water

Dermal Contact while bathing
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TABLE 4-5
CHARACTERISTICS OF SUBCHRONIC/CHRONIC EXPOSURE SCENARIOS

NEW CASTLE SPILL SITE

Scenario Route of Exposure Medium
Subchronic

Activity____Population_____Exposure Characteristics
Chronic

Exposure Characteristics

Present,
existing

Dermal Soil Play Child Age 6-12

Child Age 2-6

Surface Water Casual Contact Child Age 2-6
Child Age 6-12

Adult

CO
CD

CD
cn
en

Hypothetical Dermal
future use

Inhalation

Ingestion

Ground Water Bathing

Ground Water Bathing

Ground Water Drinking
Water

Child Age 6-12
Child Age 2-6

Adult

Child Age 6-12
Child Age 2-6

Adult

Child Age 6-12
Child Age 2-6

Adult

One exposure events (hands
only) at maximum concentration

includes 50 mg incidental ingestion

One exposure events (hands
only) at maximum concentration

includes 100 mg incidental ingestion

One hours of exposure (20% of
body) at maximum concentration

Twenty minutes of exposure over
80% of the body

at maximum concentration
concentration

Thirty minutes exposure at
maximum concentration

Ingestion of 1L (children) or
2L (adults) each day at
maximum concentration

One exposure event (hands
only) per day, 150 days per
year, at average concentration

includes SO mg incidental ingestion

One exposure event (hands
only) per day, 150 days per
year, at average concentration

includes 100 mg incidental ingestion

One hour of exposure (20% of
body), 150 days a year (Child 6
-12), or 5 days a year (Adult)

at average concentration

Twenty minutes of exposure over
80% of the body

at average concentration
concentration

Thirty minutes exposure at
average concentration

Ingestion of 1L (children) or
2L (adults) each day at
average concentration

Italics includes changes to table.



exposure ; s t a n d a r d parameters used for calculat ion of dosage and
intake are presented in Table 4-6.

The methodology used for calcula t ion of intakes of contaminants
from the a fo remen t ioned routes is presented in Sect ion 2. The
resu l t ing doses and in t akes at chronic and subchronic exposure
levels for the actual and hypothetical scenarios are presented in
Table 4-7 and Table 4 -8 r respect ively. Sample calculations for
subchronic and chronic intakes are presented in Appendix D.

4.6 Environmental Exposure Scenarios and Receptors

The po ten t i a l e n v i r o n m e n t a l exposure pathways and receptors (or
population) for the New Castle Spill Site are presented in Table
4-9. The m a c r o i n v e r t e b r a t e popula t ion has been exposed to the
indicator compounds through the su r f ace water and sed iments in
t h e m a r s h l a n d a d j a c e n t t o t h e s i t e . A l t h o u g h t h e
macroinvertebrate popula t ion does not appear to be a f f e c t e d by
compounds detected at the site, potential exposure pathway and
receptor populations were identified. The exposure pa thway m i g h t
be ingestion of the macroinvertebrae. Qualitatively/ populations
could i n c l u d e f i s h ( b o t t o m f e e d e r s u p t h r o u g h game f i s h ) ,
f ish-eat ing birds ( i .e . , mammals, wading birds, ducks, herons,
hawks) and potentially man. Figure 4-1 depicts a possible food
cycle f r o m s u r f a c e w a t e r and sediments to man. The mammal
i d e n t i f i e d d u r i n g the env i ronmenta l assessment was l im i t ed to
Muskrat , which is a herbivore.

0423N5 4-7
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TABLE 4-8
STANDARD PARAMETERS FOR CALCULATION OF DOSAGE AND INTAKE

NEW CASTLE SPILL SITE

PHYSICAL CHARACTERISTICS
Average Body Weight ( a }

Average Skin Surface Area ( a) . ( e )

ACTIVITY CHARACTERISTICS
Amount ol Water Ingested Daily ( a )

Amount of Air Breathed Daily ( d )

Duration of Soil Contact ( d }

Frequency of Soil Contact ( d )

Percentage of Skin Surface Area { d )
Contacted by Soils

Skin Absorbtion Rate of Compounds ( c )
in Soil

Incidental Soil Ingestion (per event) ( c }

Frequency of Surface Water Contact ( d )
(Casual)

Duration of Surface Water Contact ( d )
(Casual)

Percentage of Skin Surface Area ( a )
immersed

Percentage of Surface Area Immersed ( a )
while Bathing

Length ol Exposure while Bathing ( b )

Amount ol Air Breathed while Bathing ( a )

Length of Additional Exposure after ( b )
Bathing

Volume of ShowerstaH ( b )

Volume of Bathroom ( b )

Volume of Water used in Showering ( b )

Absorption via Inhalation (%)

Absorption via Ingeetion (%)

MATERIAL CHARACTERISTICS
Oust Adherence (Potting Soil) (a)

Soil Matrix Effect (c)

Mass Rux Rate (water-based) ( a )

Adult

70 kg

18.150 cm2

2 liters

20 m3

1 event

5 days/year

20%

6%

SO mg

5 days/year

1 event

20%

80%

20 min.

0.83 cu m/hr

10 min.

3 cu m

10 cu m

200 U

50

100

0.51 mg/cm2

15%

0.5 mo/cm2/hr

Child Aoe 6-12

29 kg

10.470 cm2

1 liter

11 m3

1 event

150 days/year

20%

12%

50 mg

150 days/year

1 event

20%

80%

20 min.

0.46 cu m/hr

10 min.

3 cum

10 cu m

200 L

SO

100

0.51 mg/cm2

15%

0.5 ma/cm2/hr

Child Aqe 2-6

16 kg

6980 cm 2

1 liter

6 m3

1 event

150 days/year

20%

12%

100 mg

150 days/year

1 event

20%

80%

20 min.

0.25 cu m/hr

10 min.

3 cu m

10 cu m

200 L

50

100

0.51 mg/cm2

15%

0.5 ma/cm2/hr

a - Superfund Exposure Assessment Manual. 1986
b • K.Q. Symms. 'An Approximation of the Inhalation Exposure to Volatile Synthetic Organic Chemicals from Showering with

Contaminated Household Water ,* Paper to be presented at the Symposium of American College of Toxicotogisis, Nov. 15, 1986
c - J.K. Hawley. 'Assessment of Health Risk from Exposure to Contaminated Soil.' Risk Analysis. Vol. 5. No. 4, 1965
d • ERM Staff Professional Judgement Thc
e • Anderson et al. 1984
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TABLE 4-7
CALCULATION OF SUBCHRONIC AND CHRONIC DAILY INTAKES

FOR NEW CASTLE SPILL SITE
(All exposure point concentration* In ppm)

PRESENT. EXISTING CONDITIONS
Exposed Exposure Route of Indicator Maximum

Population Media Exposure Compound Exposure Point
Concentration

Adults Surface Water Dermal Contact trans-1, 2*Dichk>roethene
Trichloroethene

tris(2-Chloropropyl)phosphate

Soils Dermal Contact trans-1 ,2-Dichloroethene
Trichloroethene

tris(2-Chtoropropyl)phosphate

Child Age 6-12 Surface Water Dermal Contact trans-1, 2-Dichloroethene
Trichloroethene

tris(2-Chloropfopyl)phosphate

Soils Demtal Contact ' trans-1 ,2-Dichloroethene
Trichloroethene

tris(2-Chk>ropropyl)phosphate

Child Age 2-6 Surface Water Dermal Contact trans-1, 2-Dichloroethene
Trichloroethene

tris(2-Chloropropyl)phosphate

Soils Dermal Contact " trans-1 ,2-Dichloroethene
Trichloroethene

tris(2-Chloropropyl)phosphate

ND
NO

4.20E-02

ND
ND

1.17E+01

ND
ND

4.20E-02

ND
ND

1.17E+01

ND
ND

4.20E-02

ND
ND

1.17E+01

Subchronic
Daily Intake
mg/kg/dav
O.OOE+00
O.OOE+00
1 .09E-06

O.OOE+00
O.OOE+00
1.12E-05

O.OOE+00
O.OOE+00
1 .52E-06

O.OOE+00
O.OOE+00
2.81E-05

O.OOE+00
O.OOE+00
1 .83E-06

O.OOE+00
O.OOE+00
8.28E-05

Average
Exposure Point
Concentration

ND
ND

1.10E-02

ND
ND

1 -64E+00

ND
ND

1.10E-02

ND
ND

1 .64E+00

ND
ND

1.10E-02

ND
ND

1.64E+00

Chronic
Daily Intake
mg/kg/day
O.OOE+00
O.OOE+00
3.89E-09

O.OOE+00
O.OOE+00
2.13E-08

O.OOE+00
O.OOE+00
1.63E-07

O.OOE+00
O.OOE+00
1.61E-06

O.OOE+00
O.OOE+00
1.97E-07

O.OOE+00
O.OOE+00
4.76E-06

CO
CD

CD
cn

' included incidental ingestion ofSOmg
" included incidental ingestion of 100 mg



TABLE 4-8
CALCULATION OF SUBCHRONIC AND CHRONIC DAILY INTAKES

FOR NEW CASTLE SPILL SITE
(all exposure point concentrations in ppm)

HYPOTHETICAL FUTURE-USE SCENARIO
Exposed Exposure Route of Indicator Maximum

Population Media Exposure Compound Exposure Point
Concentration

Adults Ground Water Dermal Contact trans-1, 2-Dichloroethene
Bathing Trichloroethene

tris(2-Chloropropy!)phosphate
Ingestion trans-1 ,2-Dichloroethene

Drinking Water Trichloroethene
tris(2-Chloropropyl)phosphate

Inhalation trans-1, 2-Dichloroethene
Bathing Trichloroethene

tris(2-Chloropropyl)phosphate

Child Age 6-12 Ground Water Dermal Contact trans-1, 2-Dichloroethene
Bathing Trichloroethene

tris(2-Chloropropyl)phosphate
Ingestion trans-1 ,2-Dichloroethene

Drinking Water Trichloroethene
tris(2-Chloropropyi)phosphate

Inhalation trans-1, 2-Dichloroethene
Bathing Trichloroethene

tris(2-Chloropropyl)phosphate

Child Age 2-6 Ground Water Dermal Contact trans-1 ,2-Dichloroethene
Bathing Trichloroethene

tris(2-Chloropropyl)phosphate
Ingestion trans-1 ,2-Dichloroethene

Drinking Water Trichloroethene
tris(2-Chloropropyl)phosphate

Inhalation trans-1 ,2-Dichloroethene

EH Bathing Trichloroethene
J tris(2-ChloropropvOphosphate

1.10E-02
1.20E-01
1.10E+02
1.10E-02
1.20E-01
1.10E+02
1.10E-02
1.20E-01
1.10E+02

1.10E-02
1.20E-01
1.10E+02
1.10E-02
1.20E-01
1.10E+02
1.10E-02
1.20E-01
1.10E+02

1.10E-02
1.20E-01
1.10E+02
1.10E-02
1.20E-01
1.10E+02
1.10E-02
1.20E-01
1.10E+02

Subchronic
Daily Intake
mq/kq/day
3.78E-07
4.12E-06
3.78E-03
3.15E-04
3.43E-03
3.15E+00
4.68E-04
5.10E-03
4.68E+00

5.23E-07
5.70E-06
5.23E-03
3.80E-04
4.14E-03
3.80E+00
6.27E-04
6.84E-03
6.27E+00

6.32E-07
6.89E-06
6.32E-03
6.88E-04
7.50E-03
6.88E+00
6.16E-04
6.72E-03
6.16E+00

Average
Exposure Point
Concentration

2.00E-03
1.80E-02
9.00E+00
2.00E-03
1.80E-02
9.00E+00
2.00E-03
1.80E-02
9.0,OE-fOO

2.00E-03
1.80E-02
9.00E+00
2.00E-03
1.80E-02
9.00E+00
2.00E-03
1.80E-02
9.00E+00

2.00E-03
1.80E-02
9.00E+00
2.00E-03
1.80E-02
9.00E+00
2.00E-03
1.80E-02
9.00E+00

Chronic
Daily Intake
mg/kg/day
6.84E-08
6.16E-07
3.08E-04
5.72E-05
5.15E-04
2.57E-01
1.70E-04
1.53E-03
7.65E-01

9.54E-08
8.59E-07
4.29E-04
6.90E-05
6.21E-04
3.11E-01
2.28E-04
2.05E-03
1.03E+00

1.15E-07
1.04E-06
5.18E-04
1.25E-04
1.13E-03
5.63E-01
2.24E-04
2.02E-03
1.01E+00

GO
CD

CD
cn
CD



TABLE 4-9

POTENTIAL ENVIRONMENTAL EXPOSURE PATHWAYS
NEW CASTLE SPILL SITE

MEDIUM

Macroinvertebrae

Game Fish

Game Birds

RELEASE
SOURCE MECHANISM

Contaminated Leaching and
Surface Water Transport
and Sediments

Bioconcent ration

Macroinvertebrae Bioconcent rat ion

Macroinvertebrae Bioconcent rat ion
Fish

EXPOSURE
POINT

Adjacent
Marshland

Marshlands

Marshlands

QUALITATIVE
EXPOSURE POTENTIAL AS

ROUTE POPULATION PATHWAY **

Ingestion Bottomfeeders - fish
Game Fish
Fish-Eating Birds *
Mammals (muskrats)

Ingestion Humans

Ingestion Humans

Low
Low
Low
Low

Low

Low

CO
CD

CD
cn

•Includes wading birds, ducks, herons, hawks
**Low potential to biomagnify In the food chain because of the low bioconcentratlon factors for these compounds

BCF, L/hg (US ERA, 1986J

trans-1,2-Dlchloroethene
Trichloroethene
tris- (2 - Chloropropy 1) phosphate

1.6
10.6
2.7***

* Based on tris(2,3-Dlbromopropyl) phosphate



FIGURE 4-1

POSSIBLE FOOD CYCLE FOR
NEW CASTLE SPILL SITE
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SECTION 5

TOXICITY EVALUATION

5*1 General Information

The t o x i c i t y e v a l u a t i o n of the ind ica to r compounds selected for
the New Castle Spill Site is conducted to develop a data base
of q u a n t i t a t i v e t ox i c i t y indices a g a i n s t wh ich exposure point
intakes can be compared in the risk characterization of the site.
The m e t h o d o l o g y for th is tox ic i ty e v a l u a t i o n is d iscussed in
Section 2. A detailed discussion of US EPA ' s we igh t -o f -ev idence
classification system is presented in Appendix A.

Trich loroe thene is classified as a "probable" human carcinogen by
US EPA. However, the International Agency for Research on Cancer
( I A R C ) considers the da ta i n s u f f i c i e n t to determine whether TCE
is a " p r o'b a b l e " or a " p o s s i b l e " h u m a n c a r c i n o g e n .
t rans-1,2-Dichloroethene is c lass i f ied as a noncarcinogen by US
EPA and IARC. Neither US EPA nor IARC has c l a s s i f i ed t r is as a
carc inogen or noncarcinogen. Based on available test data, tris
is evaluated as a noncarc inogen in this assessment . Table 5-1
presents the relevant quant i ta t ive indices of toxicity for the
indicator compounds that wi l l be used in risk cha rac t e r i z a t i on .
Based on the available data from animal studies, a reference dose
( R f D ) v a l u e h a s been d e t e r m i n e d f o r t r i s . T h e d e t a i l e d
m e t h o d o l o g y used to c a l c u l a t e t h i s v a l u e i s p r e s e n t e d i n
Section 2.

0423N4 5-1
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Table 5-1

RELEVANT QUANTITATIVE INDICES OF TOXICITY FOR INDICATOR COMPOUNDS
NEW CASTLE SPILL SITE

COMPOUND

trans-1 ,2-Dichloroethene

Trichloroethene

Tris(2-chloropropyl)phospate

ORALAIS
(mq/kg/day)

2E-01 (a)

NA

1.25E +00 (c)

ORALRfD
(mg/kg/day)

2E-02 (b)

NA

1.25E-01 (c)

ORALCPF
(1/(mg/kg/day))

NA

1.10E-02 (b)

NA

INHALATION CPF
(1/(mg/kg/day))

NA

1.3E-02 (b)

NA

X*
ro
CO

CD

NA - Not applicable
(a) - The RfD for this compound is based on a subchronic study.

Removal of a safety factor of 10 (extrapolation of subchronic to chronic) yields the AIS.
(b) - Values obtained from on-line IRIS data base
(c) - Calculated by ERM (see Appendix E for derivation)



The t o x i c i t y da ta p re sen ted below a re s u m m a r i z e d f r o m US EPA
H e a l t h E f f e c t s A s s e s s m e n t d o c u m e n t s , t h e p r o d u c t s a f e t y
i n f o r m a t i o n s h e e t f o r t r i s , a n d t h e K i r k - O t h m e r C o n c i s e
Encyc loped ia of Chemica l Technology . A d e t a i l e d t o x i c o l o g y
p ro f i l e for each indicator is presented in Appendix F. The major
health effects resulting from exposure to indicator compounds are
d i s c u s s e d be low. However , the concen t r a t i ons a t which t ox i c
e f f e c t s occur a re genera l ly orders o f m a g n i t u d e h i g h e r t h a n
env i ronmen ta l concen t ra t ions of those compounds. The potential
ARARs i d e n t i f i e d for each indica tor compound are presented in
Appendix F as well.

5.2 trans-1,2-Dichloroethene

t rans-1 ,2-Dichloroethene t ox i c i t y has not been well studied in
animals or humans . Exposure to high vapor c o n c e n t r a t i o n s of
t r a n s - l , 2 - d i c h l o r o e t h e n e causes nausea , vomit ing , w e a k n e s s ,
tremor, and cramps in humans, but these effects reverse f o l l o w i n g
removal of the source of trans-1,2-dichloroethene. Exposure to
vapors can also produce anesthetic and narcotic e f fec ts . C h r o n i c
exposure to low (500-1000 ppm) levels of trans-1,2-dichloroethene
in an imals resulted in no o b s e r v a b l e c h a n g e s in p a t h o l o g y ,
c l i n i c a l c h e m i s t r y o r o r g a n and body w e i g h t s ( A C G I H 1986,
Documentation of the TLVs and BEIs ) .

5•3 Trichloroethene

In h u m a n s , t r i c h l o r o e t h e n e was once used medica l ly fo r i t s
a n e s t h e t i c a n d a n a l g e s i c p r o p e r t i e s . A c u t e e x p o s u r e s t o
extremely high inhaled concentrations of trichloroethene (e.g.,

0423N4 5-2
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1 5 , 0 0 0 p p m ) a re k n o w n to e l i c i t ca rd iac a r r h y t h m i a s . C h r o n i c
exposure to levels of trichloroethene ranging from 40-200 ppm has
b e e n r epo r t ed to i n d u c e n e u r o t o x i c ( t o x i c to nerves or the
nervous system) symptoms such as invo lun ta ry m u s c u l a r m o v e m e n t s ,
sleep d i s t u rbances , and psychot ic episodes. There is a great
v a r i a t i o n between i n d i v i d u a l s in to lerance to the n e u r o t o x i c
effects of trichloroethene (ACGIH 1986).

5.4 tris(2-chloropropyl)phosphate

T h e A c c e p t a b l e D a i l y i n t a k e f o r C h r o n i c e x p o s u r e ( A I C ) o r
reference dose ( R f D ) of 0.125 mg/kg/day for t r i s (2-ch loropropyl ) -
phosphate was calculated from a rat subchronic study described in
t h e P r o d u c t S a f e t y I n f o r m a t i o n Sheet s u p p l i e d b y S t a u f f e r
Chemical Company. The RfD for humans was calculated to be equal
t o t h e N o - O b s e r v a b l e - A d v e r s e - E f f e c t Level ( N O A E L ) f o r a n
experimental animal divided by appropriate safety factors. In a
toxicology study f the NAOEL is the dose at which the a n i m a l does
not receive any toxic effects from the chemical in question. The
RfD is calculated in Appendix E of this document and is based on
the following study.

A three month toxicology study was performed on male and female
rats receiv ing dai ly d ie ta ry c o n c e n t r a t i o n s of t r i s at 8 0 0 ,
2 , 5 0 0 , 7 , 5 0 0 a n d 2 0 , 0 0 0 p p m . A n i n c r e a s e i n r e l a t i v e a n d
absolute liver weight is observed in male rats at all dose levels
and in female rats receiving 7,500 or 20,000 ppm tris in the diet.
This type of change is not judged to be an a d v e r s e or t o x i c
e f f e c t of t r i s exposure. Toxic e f f ec t s were observed in the
female rats receiving the highest dose and in male rats at both
the 7 ,500 and 2 0 , 0 0 0 ppm dose levels. These e f f e c t s i nc luded
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m i l d cor t ica l tubular degenerative changes in the kidney and mild
histopathological changes in the liver (only in animals r e c e i v i n g
2 0 , 0 0 0 p p m ) . Very mild hypoplasia of the sternal bone marrow and
very mi ld thyroid fo l l icular hyperplasia was observed in the
female rats receiving the highest dose of tris.

The toxici ty of tris (2-chloropropyl Jphosphate has not been well
s tud ied in an ima l s and has not been e x a m i n e d in h u m a n s . The
acu te oral LD50 is 2 ,800 mg/kg for female rats and 4,200 mg/kg
f o r male rats . E x t e n s i v e s tudies have been p e r f o r m e d w h i c h
i nd i ca t e t ha t tris(2-chloropropylJphosphate is not a mutagen. No
animal studies have been conducted us ing chron ic exposures .
( S t a u f f e r Chemica l Product S a f e t y Sheet for Fyrol PCF - Flame
Retardant ) .

0423N4 5-4
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SECTION 6

RISK CHARACTERIZATION

6.1 General Information

This sect ion assesses the potential risks to human health and the
env i ronmen t associated w i t h exposure to the var ious i n d i c a t o r
chemicals under the No-Act ion Al te rna t ive . The potential risks
of exposure to carcinogens and noncarcinogens are assessed by
comparing the following:

1) c u r r e n t e x p o s u r e p o i n t c o n c e n t r a t i o n s wi th po ten t ia l ly
applicable or relevant and appropriate requirements (ARARs) ,

2) current subchronic doses with acceptable subchronic intakes
for noncarcinogenic effects,

3) cur ren t chronic doses with acceptable reference doses ( R f D s )
for noncarcinogenic e f fec ts , and

4 ) c a l c u l a t e d r i s k s w i t h g u i d e l i n e r i sks f o r p o t e n t i a l
carcinogens.

A discussion of u n c e r t a i n t i e s encountered in the e n d a n g e r m e n t
assessment process is included in this section to provide some
perspective in interpreting the results of the assessment.

0423N5 6-1
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6.2 Comparison to Potentially Applicable or Relevant
and Appropriate Requirements

S t a n d a r d s a n d g u i d e l i n e s f o r c o n t a m i n a n t s o f conce rn a r e
determined by considering the exposure pa thways operating at the
site. The following is a summary of the standards and guidelines
that are potentially applicable to the media at NCSS.

Medium Potential ARARs

Soil N o n e ( o n l y PCBs a n d d i o x i n b y
U.S. EPA)

Sediment

Air

- None

N o t a p p l i c a b l e s i n c e n o a i r
releases exist

Surface Water U . S . E P A A m b i e n t Wa te r Qua l i ty
Criteria
DNREC Water Quality Standards for
Streams: Amended 23 D e c e m b e r
1985

Ground Water U . S . E P A M a x i m u m C o n t a m i n a n t
Levels (MCLs)
D N R E C R e g u l a t i o n s G o v e r n i n g
Drinking Water Standard: Rev i sed
5 May 1982

0423N5 6-2
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D N R E C Regu la t ions Govern ing t h e
C o n t r o l o f W a t e r P o l l u t i o n :
Amended 23 June 1983

- G r o u n d W a t e r d i s c h a r g e s a s
surface water (see Surface Water)

Wetlands - U.S. Army Corp of Engineers

The potent ia l Delaware ARARs for NCSS are presented in Table 6-1.
A comparison of detected levels of compounds in ground wa te r and
surface water to potential ARARs is presented in Table 6-2.

For many of the c o n t a m i n a n t s related to the NCSS, p romulga ted
standards and guidelines do not exis t . The compounds that meet
all of thei r potent ia l ARARs are t rans-1,2-dichloroethene and
1,2-dichlorobenzene. The m a x i m u m and ave rage va lues of TCE
exceed its MCL; however, only the maximum detected value exceeds
its ambient water quality criteria (AWQC) for protection of h u m a n
heal th for ingest ion of water and f ish and for ingestion of f ish
only. The maximum and average values of iron exceed its AWQC for
protection of human hea l th for inges t ion of water and fish and
for protection of aquatic life-chronic. The m a x i m u m and average
v a l u e s of m a n g a n e s e e x c e e d i ts AWQC for protect ion of h u m a n
health for ingestion of water and f ish and for inges t ion of f i s h
only. The iron and manganese levels detected in the ground water
exceeded Delaware secondary HCLs. However, these levels were not
above levels found in typical Coastal Plain aquifer systems.
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TABLE 6-1

POTENTIAL DELAWARE ARARs FOR
NEW CASTLE SPILL SITE

L A W / R E G U L A T I O N / C O D E

Regulations Governing the
Construction of Water Wells

Water Quality Standards for
Streams (amended 12/27/05)

Regulations Governing the
Control of Water Pollution

The Wetlands Act (Chapter 66)

Wetland Regulations

Subaqueous Lands (Chapter 72)

Regulations Governing the Use
of PuDlic Subaqueous Lands

Delaware Environmental
Protection Act

Regulations Governing the
Control of Air Pollution

Title 16, Section 122,
Delaware Code

Regulations Governing Drinking
Water Standards

Delaware River Basin Commission
Rules and Regulations

Coastal Zone Act

Delaware Hazardous Waste Rules
and Regulations (RCRA)

Delaware Solid Waste Disposal
Regulations

Preservation of Historic
Places (36 CFR 800)

ARAR TYPE
AMBIENT/ ACTION- LOCATION-

CHEMICAL-SPECIFIC SPECIFIC SPECIFIC
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T»bl« 6-2

NEW CASTLE SPILL SITE
COMPARISON WfTH APPLICABLE OR RELEVANT

AND APPROPRIATE REQUIREMENTS

(aH values in mg/L)

GfiOUCWATEH USEPA US ERA Cf*€C
(ma/Li UCU UCUGt STANDARDS'

CHEMCAL

irans- 1 ,2-dichloroethene
Tricrtloroethene
1 .2- Dichlorobenzene
Carbon DtsuHKto
Iron
Manganese
Iris ( 2-Chloropropy l)pho&phale
Naphthalene
Phenanlhrene

MAX

0.011
0.120
0 002
0.015
19.400
5.240

110.000
0.008
0.005

A\€

0.001 0.070
0.018 0.005
0.0003 0.6200
0.001
12.600 0.300
1 494 0.050
9.000
0.002
0 001

SURFACE WATER
(rno/LJ

hMX AVE

0.042 0.011

EPA AMBIENT FRESHW>
ngeslkm ol ingeeiion ol

lish (ish and waler

8.07E - 02 2.70E - 03

2.80E - 06 3. ME - 05

kTEH QUALITY CRITERIA
protection ol aquatic protodion ol aquatic

Kle - acute tile - chronic

1.16E * 01
4.50E * 01
2 50E 01

1 DOE . 00
1 50E * 00

2.30E * 00

not available
2.19E + 01
5.00E * 02
1 OOE * 00

6 20E - 01

* DNREC standards deter to US EPA standards if blank

CO
o
CD
-^J
r>o



6*3 Calculation of Noncarcinogenic Hazard

As described in Section 2, the h a z a r d index is the ratio of the
expected potential dose to acceptable exposure levels. Values of
less t h a n u n i t y ( o n e ) i n d i c a t e t h a t no hazard exists . The
assessment of the noncarcinogenic hazard for the site and marsh
area ( i . e . , present , ex i s t ing condi t ions scenario) is shown in
Table 6-3. Both chronic ( repea ted) and subchronic ( shor t - t e rm)
exposures are calculated to a t t a i n haza rd indices. Subchronic
(acute) exposure occurs from a large tris concen t ra t ion in soils
( > 1 0 0 p p m ) near the rai l road t racks . Chron ic exposure results
from the movement of t r is in to the marsh area , and coming in to
con tac t w i t h the local p o p u l a t i o n t h r o u g h repea ted dermal
exposure to sur face water and marsh sediments . The levels for
t h e upper b o u n d c h r o n i c h a z a r d ind ices ( p r e s e n t , e x i s t i n g
conditions scenario) are less than one.

For consistency wi th SPHEM guidance and EPA Region III practice,
worst-case (or conserva t ive) upper bound estimates of exposure
and r i s k a re c a l c u l a t e d . The c a l c u l a t i o n s a re based on
subchronic exposures (i.e., maximum concentrations) combined w i t h
t h e c h r o n i c r e f e r e n c e doses a n d r e f l e c t t h e c o n s e r v a t i v e
assumption that some ind iv idua ls may be chronica l ly exposed to
the h ighes t concent ra t ions . The upper bound worst-case hazard
index for the present, existing conditions is 1 .45 x 10~4 , w h i c h
is four orders of magnitude lower than EPA's guideline of one.

T h e a s s e s s m e n t o f t h e n o n c a r c i n o g e n i c h a z a r d f o r t h e
hypothetical, future-use scenario ( e . g . , f a m i l y us ing Co lumbia
a q u i f e r near the site for potable water) is shown in Table 6-4.
Both chronic and subchronic exposures are ca lcula ted to o b t a i n

0423N5 6-4
Tht
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TABLE 6-3
NEW CASTLE SPILL SITE

ASSESSMENT OF NONCARCMOOENIC HAZARD INDICES
UPPER BOUND REASONABLE CASE ESTIMATE

PRESENT. EXISTING CONDITIONS

Exposed Exposure
Population Media

Adults Surface Water

Soils

Children 6-12 Surface Water

Soil*

Children 2-6 Surface Water

Soils

Route at Indicator
Exposure Compound

Dermal Contact )rans-1,2-Dichloroethene
Trichloroelhene

lris(2-Chloropropyl)pho*phate

Dermal Contact lrant-1 ,2-Dichloroelhene
Trichloroethene

tris(2-Chloropropyl)phosphale
TOUJ

Dermal Contact lrans-1,2-Dichloroethene
Trichloroelhene

Irls(2-Chlorof>ropyl)pho«phate

D*ra»«f Contact* trana-1.2-DJchloroethene
Trichloroelhene

lrls(2-Chloropropyl)pno*phale
Total

Dermal Contact irans- 1 .2- Olchloroelhene
Trichloroelhene

iris(2-Chk>ropropyl)phoaphale

Deratat Contact " trans-1,2-Dichloroethene
Trichloroelhene

lris(2-Chloropropyl)phosphate
Total

Subchronic
Intake

(ma/ko/dav)
O.OOE+00
O.OOE+00
1.09E-M

O.OOE+00
O.OOE+00
1.12E-05

tfufrcJironJc
O.OOE+00
O.OOE+00
1.52E-06

O.OOE+00
O.OOE+00
2.81E-05

SuocAronJc
O.OOE+00
O.OOE+00
1.83E-06

O.OOE+00
O.OOE+00
8.28E-05

SuocJtronfc

Afi
(ma/ko/dav)
2

1

2

1

OOE-01
N*

2SE+00

OOE-01
N*

25E+00
Hazard index*

2

1

2

1

OOE-01
N*

25E+00

OOE-01
N*

2SE+00
Hazard Index*

2

1

2

1

OOE-01
NA

25E+00

OOE-01
N*

25E+00
Hazard Mdei*

Subchronic
Hazard Index

O.OOE+00
O.OOE+00
8.72E-07

O.OOE+00
O.OOE+00
8.96E-06

9.93E-06
O.OOE+00
O.OOE+00
1,226-06

O.OOE+00
O.OOE+00
2.25E-05

2.37E-OS
O.OOE+00
O.OOE+00
1.46E-06

O.OOE+00
O.OOE+00
6.62E-05

9.77E-Q5

Chronic
Intake

(mq/kq/day)
0
0
a

0
0
2

0
0
1

0
0
1

0
0
1

0
0
4

.OOE+00

.006+00
.89E-09

OOE+00
OOE+00
13E-08

OOE+00
OOE+00
.63E-07

OOE+00
.OOE+00
.61E-06

OOE+00
OOE+00
.87E-07

OOE+00
OOE+00
.76E-06

RID (AIC)
(ma/ka/davt

2

1

2

1

2

1

2

1

2

1

2

1

OOE-02
N4

25E-01

OOE-02
r*

2SE-01
Total -

OOE-02
W

25E-01

OOE-02
N*

2SE-01
Total -

OOE-02
M

2SE-01

OOE-02
f*

2SE-01
Total -

Chronic
Hazard Index

0
0
3

0
0
1
2
0
0
1

0
0
1
1
0
0
1

0
0
3
3

.OOE+00

.OOE+00
.1 IE-00

.OOE+00

.OOE+00
.70E-07
.02E-07
.OOE+00
OOE+00
.30E-06

OOE+00
.OOE+00
2SE-05

.42E-OS
.OOE+00
.OOE+00
.58E-06

OOE+00
OOE+00
.81E-05
.97E-05

=0
CO
o
CD

BoM Itmltcf in<Hc*t»t a cfcan0« to Me
* McJudwtf fnclttoaM lng»*tlon at 50 mg
" tacluttod IncldMttt IngMOon at 100 mg

Su0cAw»fc 1.4SE-OS
Lifetime-Weighted

Chronic Hazard • 3.76E-OS

r1
fF>

UFETIME WEIQHTED x CHHOMK INTAKE x RtD and rapf»*«Vlt* th» upper bound fMSOfiaoto caae

NA - Not applicable
SAMPLE CALCULATION
Ina<2-chlofopropyl}pho6phate In adults: dermal contact with surface water

Chronic hazard Index -Chronic daily intake/RID
- 0.00000000389 / 0.125
= 0.0000000311

Total chronic hazard index = sum ol aH exposure routes tor all indicators.
Lifetime-weighted chronic hazard = {total chronic adults1 (58/68)}+{lotal chronic child 6-12*(6/68)Mlolal chronic child 2-6*(4/68)>

Revised 3/28/89



TABLE t-3 Continued
NEW CASTLE SPILL SITE

ASSESSMENT OF NONCARdNOGENIC HAZARD INDICES
UPPER BOUND WORST CASE ESTIMATE

PRESENT. EXISTING CONDITIONS

Exposed Exposure Route of Indicator
Population Media Exposure Compound

Aduks Surface Water Darmal Contact lrans-1, 2-Dlchloroelhen«
Trichloroelhene

lris(2-Chloropropyl}phosphal«

Soils Darmal Contact lrans-1 ,2-Dichloroelhen*
Trichloroethane

Iris(2-Chloropropyl)phosphat*

Subchronic
Intake

(mn/ka/dav)
O.OOE+00
O.OOE+00
1 .09E-06

O.OOE+00
O.OOE+00
1.12E-05

AB
(moVka/davt
2 OOE-01

NA
1 .25E+00

2.00E-01

1
r*

2SE+00
ratal Subcnronfc Hazard Index-

Children 6-12 Surface Water Dermal Contact lrans-1. 2-Dlchloroelh*n*
Trichloroathen*

Iris(2-Chloropropyl)phocphata

Soils Derma* Contact* lrans-1, 2-Dichloro*th*no
Trichloroetnena

trls(2-Chloropropyl)pho«phata

O.OOE+00
O.OOE+00
1.52E-06

O.OOE+00
O.OOE+00
2.81E-05

2.00E-01

1

2

1

NA
2SE+00

OOE-01
NA

25E+00
Total Svtchronte Hazard Index-

Children 2-6 Surface Water Darmal Contact lrans-1. 2-Dlchloroethene
Trichloroelnene

tris(2-Chk>ropropy!)phosphata

Softs Dermal Contact " lrans-1. 2-Dlchloroathan*
Trichloroethene

Iris(2-Chk>ropropyl)phosphale

O.OOE+00
O.OOE+00
1.03E-06

O.OOE+00
O.OOE+00
0.28E-05

2

1

2

1

OOE-01
NA

25E+00

OOE-01
r*

25E+00
Total Subchronic Hazard Max,

Subchronic
Hazard Index

0
0
8

0
0
6
9
0
0
1

0
0
2

OOE+00
OOE+00
72E-07

OOE+00
OOE+00
96E-06
B3E-06
OOE+00
OOE+00
22E-06

OOE+00
OOE+00
25E-05

Subchronic
Intake

fma/ka/dav)
0
0
1

0
0
1

OOE+00
OOE+00
.09E-06

OOE+00
OOE+00
12E-05

RID (AIC)
(mo/ko/dav)
2.00E-02

1

2

NA
2SE-01

OOE-02
NA

1.25E-01
Total Chronic Hazard Index.

0
0
1

0
0
2

2.37E-OS
0 OOE+00
O.OOE+00
1

0
0

46E-06

OOE+00
OOE+00

6.62E-05

0

OOE+00
OOE+00
52E-06

OOE+00
OOE+00
.81E-05

2 OOE-02

Chronic
Hazard Index

O.OOE+00
O.OOE+00
8

0
0
6
9

72E-06

OOE+00
OOE+00
96E-OS
83E-05

O.OOE+00
m O.OOE+OO

1
2

1

25E-01

OOE-02
NA

25E-01
Total Chronic Hazard Index.
OOE+00 2

O.OOE+00
1

0
0
8

6.77E-05

83E-06

OOE+00
OOE+00
2BE-05

1

2

1

OOE-02
NA

25E-01

OOE-02
NA

25E-01
Total Chronic Hazard Index.

1

0
0

22E-OS

OOE+00
OOE+00

2.25E-04
2.37E-04
0 OOE+00
O.OOE+00
1.46E-05

0 OOE+00
O.OOE+00
6.62E-04
6 77E-04

CO I*** Indicates a change to the tatte.
f—t * Included incidental HtgesOon of 50 mg
*̂~*' •* bu^ufeu* jAi*M<»f..t Jru.A»Mn« fJ 1ftft ,

CD

cn

Subcnronto Hazard . 1.4SE-05

Included incidental ingettion of 100 mg

bound wont ca«* etOmata ol chronic Hazard index it bated on tfw maximum concentration detected time* the HID.

Upper Bound Worst
Case Estimate ol

Chronic Hazard > 1.4SE-04

NA - Not applicable
SAMPLE CALCULATION
tria(2-cMoropropyl)pho8phale In aduNs; dermal contact with surface water

Chronic hazard Index -£ubchronic daHy Intaka/RfD
- 0.00000100 / 0.125
« 0.00000872

Total chronic hazard Index • sum ol al exposure routes for all indicators.
Ltlelime-weighted chronic hazard = {total chronic adutta'( 58/68)}+{tolal chronic child 6-12*(6/68}}+{tolal chronic child 2-6'(4/68))

Revised 3/28/89



TABLE 6-4
NEW CASTLE SPILL SITE

ASSESSMENT OF NONCARCMOOENIC HAZARD INDICES
UPPER BOUND REASONABLE CASE ESTIMATE

HYPOTHETICAL FUTURE-USE SCENARIO
Exposed Exposure Routs d

Population Media Exposure

Adult* Ground water Dermal Contact

Ingestlon

Inhalation

Children 6-12 Ground water Dermal Contact

Ingestion

Inhalation

Children 2-6 Ground water Dermal Contact

mgeslion

Inhalation

Indicator
Compound

lrans-1 ,2-Dfchloroelhane
Trlchloroelhene

Irls(2-Chk>ropropyl)phosphate
trans-1 ,2-Dichloroethene

Trichloroelhene
lrls(2-Chloropropyl)phoaphate

lrans-1 .2-Dichloroelh*ne
Trichloroelhene

Iris(2-Chk>ropropyl)phosphale

trans-1 ,2-Dichloroethene
Trichloroelhene

lria(2-Chloropropyl)pho*phate
trans-1 ,2-Dfchloroethene

Trichloroelhene
Iris(2-Chk>ropropyl)phosphate

trans-1 ,2-Dichloroethena
Trichloroelhene

tris(2-Chioropropyl}pho«phale

lrans-1 ,2-Dichloroethene
Trichloroelhene

tri*(2-Chk>ropropyl}phoiphate
lrans-1 ,2-Dfchloroethene

Trichloroethene
1 rls(2-Chtoropropyl)phosph«te

trans-1 ,2-Dichloroelhene
Trichloroelhene

tris(2-Chtoropropyl)phosphale

Subchronfc
Intake

fma/kg/day)
3.7BE-07
4.12E-06
3. 78 E -03
3 15E 04
3 43 E -03
3.15E+00
4.68E-04
5.10E-03
4.68E+00

S.23E-07
5.70E-06
5.23E-03
3.80E-04
4.14E-03
3.80E+00
6.27E-04
6.84E-03
6.27E+00

6.32E-07
6.80E-06
6. 32 E -03
6.88E-04
7. 50 E -03
6.88E+00
6.16E-04
6.72E-03
6.16E+00

AS
(mq/ko/davl
2.00E-01

r*
1.25E+00
2.00E-01

N*
1.2SE+00
2.00E-01

r*
1.25E+00

TOW/ m
2.00E-01

1*
1.25E+00
2.00E-01

r*
1.25E+00
2.00E-01

NA
1 .25E+00

row/ *
2.00E-01

UK
1.25E+00
2.00E-01

W
1 .2SE+00
2.00E-01

1*
t.25E*00

ToUl x

Subchronic
Hazard Index

1 89E-06
O.OOEtOO
3.02E 03
1.50E-03
O.OOE+00
2.52E+00
2.34E-03
OOOE + 00
3.74E+00

tf.27f+00
2.62E-06
O.OOE*00
4.1BE 03
O.OOE+00
O.OOE+00
3.04E+00
3.14E 03
OOOE + 00
5.02E*OO

».Q6£+00
3.16E-06
O.OOE+00
5.06E-03
O.OOE + 00
O.OOE+00
S.50E+00
3.44E-03
OOOE+00
5.50E+00

1.10E+01

Chronic
Intake

fma/kq/day)
6.84E-08
6.16E 07
3.08E 04
S.72E-05
S.15E-04
2.S7E-01
1.70E-04
1.S3E-03
7.65E-01

0.54E-08
8 59E-07
4.29E-04
6.00E-OS
6.21E-04
3.11E-01
2.28E-04
2.0SE-03
1.03E+00

1.15E-07
1.04E-06
5.1BE-04
6.25E-OS
1.13E-03
S.63E-01
2.24E-04
2.02E-03
1.01E+00

RIO (AIC)
(mo/kQ/dav)
1.00E-02

r*
1 25E-01
1 OOE-02

W
1.25E-01
1. OOE-02

f*
1.25E-01

Total-
1. OOE-02

M
1.25E-01
1. OOE-02

M
1.2SE-01
1. OOE-02

M
1.25E-01

Total «
1.006-02

NA
1.2SE-01
1. OOE-02

W
1.25E-01
2. OOE-02

NA
1.25E-01

Total.

Chronic
Hazard Index

6.84 E -06
O.OOE+00
2.46E-03
5.72E-03
O.OOE+00
2.06E+00
1.70E-02
O.OOE+00
6.12E+00
6.20E+00
Q.54E-06
O.OOE+00
3.43E-03
6.00E-03
O.OOE+00
2.4BE+00
2.28E-02
O.OOE+00
8.24E+00
1.08E+01
1.15E-05
O.OOE+00
4.14E-03
6.25E-03
O.OOE+00
4.SOE+00
1.12E-02
O.OOE+00
8.08E+00
1.26E+01

CO
CD

CD
Bold Itstic* Indicate* • chuig* to Me
NA - Not applicable Subchronic

Lifetime-weighted
* fi.7f£+00 Chronic Hazard * 8.6»E + 00

LIFETIME WEIGHTED s CHRONIC INTAKE x KtD tnd represents the upper ooumf mtonmtto CAM
SAMPLE CALCULATION
!ris(2-ch!oropropyl)phospnaie in adults; dermal contact with ground water lran*-1,2-OichioFO»thenf

Chronic hazard Index -Chronic daMy rtaka/RID rrfcMonoelnene
« 0.000308/0.125 Irit(2-Chtoropropyl)ptwiptiat*
= 0.00246

Total chronic hazard index = sum of all exposure routes lor all indicators.

3.82E-03 lrans-1.2-Dichloroetnene * 2.30E-02
O.OOE+00 Trichloroelhene * O.OOE+00
ff.705+00 trls<2-Chloropfopyl)phosphate . 8.66E+00

Lifetime-weighted Chronic Hazard = (Total chronic adults >(58/68}}+{tolal chronic child 6-12 '(6/66}}+{total chronic child 2-6 '(4/68))

Revised 3/28/80
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Regional Review:
Contaminant*:
Site Typei
Site Name:
Date:
Source Control:
BPA Region:

No

Multi-source Groundwater
New castle Spill Site, New Castle, DE
9/28/89
NO
III

Role of Comments in Remedy Selection: State 2 Public 2 _ PRP

Lead: Rl/78 Eg RD BE RA fig

Cost:
Site Area:
Waste volume:
Treated Volume:

$466,147.00
jk> ryi f-V-J '̂ <"f

MAJOR
CONTAMINANT(SI

CONTAMINANT
LEVELS

CLEANUP BASELINE
RISK

RISK WITH
CLEANUP GOAI

TCE
1,2 -
Dichloro-

fluoranthene

to :

120 ug/l
ug/l

T

ug/l
o.o

o-c?

tTate Available

DBSCRIPTIOM QT SITB DISCRIPTIOli Of 8ITK MMBDY

The site is a former manufacturing plant Monitored natural attenuation^^ 6
of the ttite'o Corporation. ̂K,cu ,̂ C,Â ^ T>K/-i^n ̂  -*1 ̂'-r>̂ s ,-̂ ĥ •-••-•-=> --"//

rv
HR301077B



TABLE 6-4 Continued
NEW CASTLE SPILL SITE

ASSESSMENT OF NONCARCWOOENIC HAZARD INDICES
UPPER BOUND WORST CASE ESTIMATE

HYPOTHETICAL FUTURE-USE SCENARIO

Eft
ro
CO

~"~
CD
*^j

Exposed Exposure Route ot
Population Madia Exposure

Adults Ground water Dermal Contact

Ingest ion

Inhalation

Children 6-12 Ground water Dennal Contact

Ingestion

Inhalation

Children 2-6 Ground water Dennal Contact

Ingestion

Inhalation

Indicator
Compound

trans-1 ,2-Dichloroelhene
Trichloroethene

trls(2- Chk>ropropyl)phosphate
lrans-1 ,2-Dlchloroelhene

Trichloroethene
!rts(2-Chloropropyl)phosphale

trans-1 ,2-Dichloroethene
Trichloroelhene

tris(2-Chk>ropropyl)pho«phate

trans-1 ,2-Dlchloroeihene
Trichloroethene

Iris(2-Chloropropyl)pho*phale
lrans-1 ,2-Dlchloroethene

Trichloroelhene
lris(2-Chloropropyl)phosphat«

trans-1 ,2-Dlchloroethene
Trichloroelhene

trls(2- Chk>ropropyl)oho*phale

trans-1 ,2-Dichloroethene
Trichloroelhene

Iris(2-Chloropropyl)phosphat«
lrans-1 ,2-Oicnloroethene

Trichloroelhene
tris(2-Chloropropyl)ohosphala

trans-1 ,2-Dlchloroelhene
Trichloroelhene

lrls(2-Chloropropyl)phosphate

Subchronic
Intake

(mg/kg/day)
3.78E-07
4.12E-06
3.78E-03
3.15E-04
3.43E-03
3.15E+00
4.68E-04
5.10E-03
4.68E+00

MS
(mg/kg/dav)
2.00E-01

r*
1.25E+00
2.00E-01

r*
1.25E+00
2.00E-01

m
1.25E+00

Total Subchronic Hazard Index-
5.23E-07
5.70E-06
5. 23 E -03
3.80E-04
4.14E-03
3.80E+00
6.27E-04
6.84E-03
6.27E+00

2.00E-01
Nfc

1.25E+00
2.00E-01

KK
1.25E+00
2.00E-01

m
1.25E+00

Totaf Subchronic Hazard Index*
6.32E-07
6.B9E-06
6.32E-03
6.B8E-04
7.50E-03
6.88E+00
6.16E-04
6.72E-03
6.16E+00

2.00E-01
1*

1.2SE+00
2.00E-01

N\
1.25E+00
2-OOE-01

N*
1.2SE+00

Totaf Subchronic Hazard Index*

Subchronic
Hazard Index

1.89E-06
O.OOE+00
3.02E-03
1.58E-03
O.OOE+00
2.52E+00
2.34E-03
O.OOE+00
3.74E+00
6.27E+QO
2.62E-06
O.OOE+00
4.18E-03
O.OOE+00
O.OOE+00
3. 04 E +00
3.14E-03
O.OOE+00
5.02E+00
B.06E+00
3.16E-06
O.OOE+00
5.06E-03
O.OOE+00
O.OOE+00
5.50E+00
3.44E-03
O.OOE+00
S.50E+00
1 . 10E+01

Subchronic
Intake

(mq/ka/dav)
3.78E-07
4.12E-06
3.78E-03
3.15E-04
3.43E-03
3.15E+00
4.68E-04
5.10E-03
4.68E+00

Total
5.23E-07
5.70E-06
5.23E-03
3.80E-04
4.14E-03
3 80 E +00
6.27E-04
6.B4E-03
6.27E+00

RID (AKD)
(mo/ka/dav)

1. OOE-02
KK

1.25E-01
1. OOE-02

N*
1.25E-01
1. OOE-02

r*
1.25E-01

Chronic - Adults
1 .OOE-02

m
1.25E-01
1. OOE-02

hK
1.25E-01
1 .OOE-02

1*
1.25E-01

Total Chronic - Child 6-12
6.32E-07
6. 896-06
6.32E-03
6.88E-04
7.50E-03
6.88E+00
6.16E-04
6.72E-03
6.16E+00

1. OOE-02
m

1.25E-01
1. OOE-02

hK
1.25E-01
2.00E-02

KK
1.25E-01

Total Chronic Hazard Index.

Upper Bound
Chronic

Hazard Index
3.78E-05
O.OOE+00
3.02E-02
3.15E-02
O.OOE+00
2.52E+01
4.68E-02
O.OOE+00
3 74E+01
6.27E+01
5.23E-05
O.OOE+00
4.18E-02
3.80E-02
O.OOE+00
3.04E+01
6.27E-02
O.OOE+00
5.02E+01
8.07E+01
6.32E-05
O.OOE+00
5.06E-02
6.88E-02
O.OOE+00
S.SOE+01
3.08E-02
O.OOE+00
4.93E+01
1.04E+02

QQ Katies indicate* a change to the table.
Subchronic Hazard . 6.71 E+00

laxlMum concentraUon detected HUMS the RfD
3.82E-03
O.QQE+QO

trl*(2-Chtaraprop¥l)pnafphate « 6.70E+00

Upper bound worst case esttaiate of chronic hazard Index Is based on the
NA - Not applicable
SAMPLE CALCULATION
tris(2-chloropropyl)phosphale in adults; dermal contact with ground water

Chronic hazard Index -Subchronlc daly Intake/RfD
= 0.00378/0.125
> 0.0302

Total chronic hazard Index < sum of all exposure routes for all Indicator*.
Lifetime-weighted Chronic Hazard = (Total chronic adults *( 58/68)}+{lolal chronic child 6-12 >(6V68))+{tolaJ chronic child 2-6 •(4/66)}

Upper Bound Worst
Case Estimate of

Chronic Hazard a 9.6BE+01
lrans-1.2-Dichloroelhene - 8.16E-02

Trichloroelhene . O.OOE+00
tris(2-Chloropropyl)phospnate - 6.67E+01

Revised 3/28/69



haza rd indices. The l i f e t i m e - w e i g h t e d ( i . e . , reasonable case)
subchronic and chronic haza rd i n d i c e s e x c e e d e d one w h e n the
h a z a r d i nd i ce s for the ind ica tor compounds were summed . W h e n
these indices exceed one/ the hazard index is recalculated based
on target organ effects . Compounds, which affect the same target
organ, are summed. When the indices are recalculated as in Table
6-4, only the l i f e t ime-weigh ted subchronic and chronic exposure
to tris concentrations in ground water still exceeded one. That
is, only exposure to the tris detected in ground water may pose a
hazard.

When an upper bound worst-case hazard index was calculated, this
hypothetical chronic index exceeded one. Again , only the tris
levels exceeded the guideline.

6.4 Calculation of Carcinogenic Risk

An assessment of potential carcinogenic risks for the present,
existing conditions at the site and marsh area is presented in
T a b l e 6 -5 . O n l y c h r o n i c i n t a k e s a r e used t o c a l c u l a t e
carc inogenic r i sk . The site risk under the present , e x i s t i n g
condi t ions scenar io is approx imated as zero. The upper bound
worst-case risk was also approximated at zero.

A n a s s e s s m e n t o f p o t e n t i a l c a r c i n o g e n i c r i s k s f o r t h e
hypo the t i ca l , fu tu re -use scenar io at the s i te is p resen ted in
Table 6-6. Aga in , only chronic in t akes are used to ca lcula te
c a r c i n o g e n i c r i sks . T h e l i f e t i m e - w e i g h t e d ave rage ( i . e . ,
u p p e r b o u n d r e a s o n a b l e c a s e ) f r o m e x p o s u r e t o p o t e n t i a l
carcinogens detected at NCSS is 3x lO~ 5 . U . S . EPA's guidel ines
for ca rc inogen ic r isks at hazardous waste sites are l x l O ~ 4 to

0423N5 6-5
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TABLE 6-5
NEW CASTLE SPILL SITE

ASSESSMENT OF CARCINOGENIC RISK
UPPER BOUND REASONABLE CASE ESTIMATE

PRESENT. EXISTING CONDITIONS

r»
=0
CO
CD
__
CD
00

Exposed Exposure
Population Media

Adults Surface Water

Soils

Children 6-12 Surface Water

Soils

Child Age 2-6 Surface Water

Soils

CD

Route of
Exposure

Dermal Contact

Derma) Contact

Dermal Contact

Dermal Contact *

Dermal Contact

Dermal Contact"

Indicator
Compound

trans-1 ,2-Dichloroethene
Trichloroethene

Tris(2-chloropropyl)phosphate
trans-1 ,2-Dichloroethene

Trichloroethene
Tris(2-chloropropyl)phosphate

trans-1 ,2-Dichloroethene
Trichloroethene

Tris(2-chloropropyl)phosphate
trans-1 ,2-Dichloroethene

Trichloroethene
Tris(2-chloropropyl)phosphate

trans-1 ,2-Dichloroethene
Trichloroethene

Tris(2-chloropropyl)phosphate
trans-1 ,2-Dichloroethene

Trichloroethene
Tris(2-chloropropyl)phosphate

Chronic
Intake

(mq/kq/day)
O.OOE+00
O.OOE+00
3.89E-09
O.OOE+00
O.OOE+00
2.13E-08

O.OOE+00
O.OOE+00
1.63E-07
O.OOE+00
O.OOE+00
1.61E-06

O.OOE+00
O.OOE+00
1.97E-07
O.OOE+00
O.OOE+00
4.76E-06

CPF
1/(mq/kq/day)

w
1.10E-02

NV
m

1.10E-02
m

m
1.10E-02

W
r*

1.10E-02
r*

f*
1.10E-02

m
m

1.10E-02
m

Lifetime Weighted *

Route/Compound
Specific Risk

OE+00

OE+00

OE+00

OE+00

m

OE+00

OE + 00

Bold Italic* Indicate* a change In the table.
* Included Incidental Ingeatlon of SO mg
I* Included Incidental Ingettlon of 100 mg

ET1UE WEIGHTED = CHRONIC INTAKE x CPF and represent* the upper bound reasonable case
A - Not applicable



TABLE 6-5 Continued
NEW CASTLE SPILL SITE

ASSESSMENT OF CARCINOGENIC RISK
UPPER BOUND WORST CASE ESTIMATE

PRESENT, EXISTING CONDITIONS

x»
ro
CO
CD

CD
nr»

Exposed Exposure
Population Media

Adults Surface Water

Soils

Children 6-12 Surface Water

Soils

Child Age 2-6 Surface Water

Soils

Route of
Exposure

Dermal Contact

Dermal Contact

Dermal Contact

Dermal Contact

Dermal Contact

Dermal Contact

Indicator
Compound

trans-1 ,2-Dichloroethene
Trichloroethene

Tris(2-chloropropyl)phosphate
trans-1 ,2-Dichloroethene

Trichloroethene
Tris(2-chloropropyl)phosphate

trans-1 ,2-Dichloroethene
Trichloroethene

Tris(2-chloropropyl)phosphate
trans-1 ,2-Dichloroethene

Trichloroethene
Tris(2-chloropropyl)phosphate

trans-1 ,2-Dichloroethene
Trichloroethene

Tris(2-chloropropyl)phosphate
trans-1, 2-Dichloroethene

Trichloroethene
Tris(2-chloropropyl)phosphate

Subchronic
Intake

(mq/kq/day)
O.OOE+00
O.OOE+00
1.09E-06
O.OOE+00
O.OOE+00
1.12E-05

O.OOE+00
O.OOE+00
1.52E-06
O.OOE+00
O.OOE+00
2.81E-05

O.OOE+00
O.OOE+00
1.83E-06
O.OOE+00
O.OOE+00
8.28E-05

CPF
1/(mq/kq/day)

N<\
1.10E-02

W
W

1.10E-02
r*

m
1.10E-02

f*
w

1.10E-02
hw
w

1.10E-02
W
WV

1.10E-02
N\

Route/Compound
Specific Risk

OE+00

OE+00

OE + 00

OE+00

W

OE+00

NA - Not applicable Lifetime Weighted Average
Upper bound worst ceee estimate off carcinogenic risk Is based on the maximum concentration detected times the CPF.



TABLE 6-6
NEW CASTLE SPILL SITE

ASSESSMENT OF CARCINOGENIC RISK
UPPER BOUND REASONABLE CASE ESTIMATE

HYPOTHETICAL FUTURE-USE SCENARIO

CO
CD

CD
OO
no

Exposed Exposure
Population Meda

Adults Ground water

Children 6-12 Ground water

Child Age 2-6 Ground water

Route of Indicator
Exposure Compound

Dermal Contact trans-1,2-Dlchloroethene
Trichloroethene

Trls(2-chloropropyl)phosphala
Ingestion trans- 1 ,2- Dlchlor oethene

Trichloroethene
Tris(2-chloropropyl)phosphate

Inhalation trans- 1 ,2-Dichloroethene
Trichloroethene

Tris(2-chloropropyl) phosphate

Dermal Contact trans- 1 ,2-Dichtoroethene
Trlchloroelhene

Tris( 2-chloropr opy I) phosphate
tngesiion lrans-1,2-Dichloroethene

Trichtoroelhene
Trls(2-chloropropyl)phosphate

Inhalation trans-1,2-Dlchloroethene
Trichloroethene

Trls( 2-chloropr opy Ophosphate

Dermal Contact trans- 1 ,2-Dichloroethene
Trlchtoroethew

Trls( 2-chloropr opy l)phos phate
Ingestkn trans- 1 ,2-Dlchloroethene

Trichloroethene
Tris(2-chloropropyl)phosphale

Inhalation Uans -1 ,2-Dichtoroethene
Trichloroethene

Trfs( 2-chloropr opyOphosphale

Chronic
Intake

(ma/kg/day)
6.84E-08
6.16E-07
3.08E-04
5.72E-05
5.1SE-04
2.57E-01
1.70E-04
1.S3E-03
7.65E-01

9.54E-08
8.59E-07
4.29E-04
6.90E-05
6.21E-04
3.11E-01
2.28E-04
2.05E-03
1.03E+00

1.15E-07
1.04E-06
5.18E-04
1.25E-04
1.13E-03
5.63E-01
2.24E-04
2.02E-03
1.01E+00

Route/Compound
CPF Specific Risk

l/(mg/ka/dav)
N^

1.10E-02
NA
W

1.10E-02
NA
NA

1.30E-02
NA

7OTAU
NA

1.10E-02
NA
NA

1.10E 02
NA
NA

1.30E-02
NA

7OML-
NA

1.10E-02
NA
NA

1.10E-02
NA
NA

1.30E-02
NA

TOTAL-

7E-09

6E-06

2E-OS

3E-05

9E-09

7E-06

3E-05

3E-05

1E-08

IE-05

3E-05

4E-05
Bold ittllct Jnd/crtM a change to «>• I«W». Lifetime Weighted
NA - Not applicable
LIFETIME WEIGHTED , CHRONIC INTAKE X CPF wd fwpf»*wil* «l Uppw bound rMMMfcte CM*.
Sample calculation adults exposed to frfcNoroetnene in ground water

Route/Compound specific risk - chronic daNy Intake ' carcinogenic potency factor
-0.000000616/0.011 or 0.000000007

Lifetime Weighted Average -{(TCR adults)*(58/6a)}+{(TCRcnild 6-12)*(6/68)}+{TCRhcild 2-6)'(4/68)}
where TCR is Total Carcinogenic Risk

3E-05



TABLE 6-4 Continued
NEW CASTLE SPILL SITE

ASSESSMENT OF CARCWOOEMC RISK
UPPER BOUND WORST CASE ESTIMATE

HYPOTHETICAL FUTURE-USE SCENARIO

CO
CD

O
oo
CO

Exposed Exposure Route of Indicator
Population Meda Exposure Compound

Adults Ground water Dermal Contact trans-1, 2-Dichloroethene
Trichloroelhene

Trls( 2-chloropropy 1) phosphate
Ingestion trant-1, 2-Dichloroethene

TrfcNoroelhene
Trls( 2-chtoropropy 1) phosphate

Inhalation trans-1 ,2-Oichloroethene
Trichloroelhene

Tris(2-ch!oropropyl)pho«phate

Children 6-12 Ground water Dermal Contact trans-1 ,2-Dlchloroethene
Trichloroelhene

Tris( 2-chloropropy IJphosphate
Ingestion trans-1. 2-Dlchloroethene

Trichloroethene
Trls( 2-chtoropropy l)phosphate

Inhalation lrans-1 ,2-Dlchloroethene
Trichloroelhene

Trls( 2-chloropropy l)phosphate

Child Age 2-6 Ground water Dermal Contact trans-1, 2-Dichloroethene
Trichloroelhene

Tris( 2-chloropr opyl) phosphate
Ingestkxi trans-1 ,2-Dlchloroethene

Trichloroelhene
Trfs(2-chtoropr opyl) phosphate

Inhalation trans-1 , 2-Dichloroethene
Trichloroelhene

Trlsf 2-chloropropy I) phosphate

Subchronic
Intake

(mg/kg/dav)
3.78E-07
4.12E-06
3.78E-03
3.15E-04
3.43E-03
3.15E + 00
4.68E-04
5.10E-03
4.68E+00

S.23E-07
5.70E-06
5.23E-03
3.80E-04
4.14E-03
3.BOE+00
6.27E-04
6.84E-03
6.27E+00

6.32E-07
6.89E-06
6.32E-03
6.88E-04
7.50E-03
6.66E+00
6.16E-04
6.72E-03
6.16E+00

Route/Compound
CPF Specific Risk

1/(mq/kg/dav)
NIK

1.10E-02
W
N«V

1 tOE-02
rM
W

1.30E-02
N%

TOTAL-
1*

1.10E-02
1*
NA

1.10E-02
N<
m

1.30E-02
Nf

T07-AL-
Nf

1.10E-02
NA
W

1.10E-02
NA
Nf

1.30E-02
r*

TOTAL-

5E-08

4E-05

7E-OS

1E-04

6E-08

*

5E-05

OE-05

1E-04

6E-08

8E-OS

9E-05

2E-04

NA Not applicable Upp«r Bound Estimate of Risk

Upp*r bound worst case estimate of carcinogenic rl*k la in* maximum concentration detected times lh« CPF.
Sample calculation adults exposed to frtehloroethene in ground water

Route/Compound specific risk - chronic daHy intake * carcinogenic potency factor
-0.000000412/0.011 or 0.00000005

Lifetime Weighted Average -((TCR adults)*(58/68)}+{(TCRchlld 6-12)'(6/68)}t(TCRhcild 2-6)'(4/68)}
where TCR is Total Carcinogenic Risk

IE-04



IxlO"7. The calculated reasonable-case risk for NCSS is within
U.S. EPA's guidelines.

An upper bound estimate of cancer risk can be determined using
the subchronic exposures (i.e., maximum concentrations) and the
carcinogenic potency factors (CPF). The CPF is expressed as the
lifetime cancer risk per mg/kg body weight/day. This factor is
equivalent to q^ (i.e./ slope of the line) when it is based on
animal study data evaluated by the multistage model. This factor
is an estimated upper 95 percent confidence limit of the
carcinogenic potency of the chemical. That is, only 5 percent
chance exists that the probability of response could be greater
than the estimated value of the basis of the experimental data
used. Predicted risk may overestimate the actual risk at a site
but this method is used so that the carcinogenic risk is not
underestimated.

The calculated upper bound worst-case carcinogenic risk is 1 x
10~4 for the hypothetical future-use scenario. This value is
equal to the upper limit of U.S. EPA's recommended range of 1 x
10~4 to 1 x 10~? for hazardous waste sites. For perspective,
this calculated value that represents the worst possible exposure
conditions is very conservative, and may have overestimated the
risk by up to 95 percent.

6.5 Risk Perspective

No additional lifetime risk is expected to result from living in
an existing or future residential area adjacent to NCSS. It is
important to note that U.S. EPA's methodology for calculating
cancer risk is based upon a set of conservative assumptions and

0423N5 6-6
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does not p r o v i d e an a c c u r a t e es t imate of r i s k , but r a the r a
probability that the risk wi l l not exceed the der ived e s t ima te .
The u n c e r t a i n t y inherent in U .S . E P A ' s methodology is described
in Section 2.

The l i f e t i m e r isk of cancer f rom all causes is 0 . 20 to 0 .25 .
That is, approximately 20 to 25 percent of all people develop
cancer in their lifetimes. No estimated additional l i fe t ime risk
of cancer from living near NCSS is expected to occur.

6*6 Environmental Assessment

Accord ing to the Delaware State Wetland Map for New Castle County
(Photograph No. 35-8) and ERM's (1989) wet lands de l inea t ion , the
New Castle Spill Site is located to the northeast of emergent and
forested wetland habitats. ERM's investigation ( 1 9 8 9 ) describes
a w e l l - e s t a b l i s h e d w e t l a n d ecosys tem s u p p o r t i n g d i v e r s e
populations of biota. Complete scientific l is t ings of the biota
encountered dur ing the wet lands survey are contained in Section
4.6 of the Remedial Investigation (ERM 1989).

Two series of surface water and sediment sampling at six sampling
s ta t ions in the a f o r e m e n t i o n e d w e t l a n d were c o n d u c t e d . The
i n i t i a l s a m p l i n g e f f o r t ( A p r i l 1988) reported non-de tec tab le
levels o f t r i s ( 2 - c h l o r o p r o p y l ) p h o s p h a t e ( t r i s ) i n a l l s i x
sed iment samples. During the init ial sampling, tris was detected
in surface water at four of the six sampling stations w i t h levels
be tween 2 2 . 4 and 42 ug/1. The m a x i m u m t r is concen t ra t ion was
reported for station WS-1, located closest to the proposed source
area . A Phase II sampling e f f o r t was conducted in November of
1988; sediment and water samples were collected at the same six

0423N5 6-7
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stat ions as the Apri l 1988 e f f o r t . In sediments, 402 ug/1 and
300 ug/1 of tris were r epo r t ed for s t a t i o n s SD-3 and SD-4 ,
respectively. Surface water samples revealed low levels of tris
at s tat ions WS-1, WS-2, WS-3, and WS-4, The concent ra t ion of
tris detected ranged from 1.15 ug/1 to 5.37 ug/1.

T h e P h a s e I I s a m p l i n g e f f o r t i n c l u d e d a n a n a l y s i s f o r
trichloroethene (TCE) at the six sampling s ta t ions. TCE was not
detected in any of the six sur face water samples. An estimated
TCE value of 3 ug/kg was reported for the sediments collected at
s ta t ion SD-1; all other sampling locations were characterized by
non-detectable TCE levels.

Based on the vola t i l i ty and moderate water solubility of tris,
appreciable water column concentrations would not be an t ic ipa ted
for this compound. Al though there is a d iminu t ive quantity of
i n f o r m a t i o n avai lable on the sorpt ive b e h a v i o r of t r i s , i ts
calculated Koc ( i . e . / 9) suggests sorption might not be a major
fate process. Considerable sorptive capacity would exp la in the
levels of tris detected at stations SD-3 and SD-4 during the
second sampl ing e f f o r t . There is a pauci ty of data ava i lab le
regarding the ecotoxic properties of tris. Although def in i t ive
data is lacking, a comparison of the tris levels detected in the
wet lands w i t h t ox i c i t y i n f o r m a t i o n for similar compounds (e .g . ,
tris( 2,3-bromopropyl) phosphate) suggests the tris concentrat ions
detected are not of the m a g n i t u d e to elicit toxicity in aquatic
species ( i . e . , r a i n b o w t r o u t , sac f r y , LC 5 Q = 240 ug /1 ;
f i n g e r l i n g s - LCso = 1 * 4 5 0 ug/1) , (Verschueren 1983). The U.S .
EPA (1986) has not evaluated tris; there fore , no wa te r q u a l i t y
criteria are available for a comparison.

0423N5 6-8
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Trichloroethene was not reported in the we t l ands water samples
and was estimated once in sediments at 3 ug /kg . The i n f r e q u e n t
detect ion of TCE in the wetlands indicate its presence is suspect
and does not pose a h a z a r d to the b io ta o c c u r r i n g in the
wetlands.

A comparison of the surface water concentrations to Ambient Water
Quality Criteria (AWQC) and toxicity values is presented in Table
6-7. The measured su r face water concen t ra t ions do not exceed
ei ther the AWQC or l isted toxicit 'y v a l u e for the c o m p o u n d s .
Sediment cr i ter ia are not available at this time for a comparison
with actual sediment values.

In summary, the low levels of tris detected and the infrequent
de tec t ion of TCE suggest no i m m i n e n t t h r e a t to the b i o t i c
component of the wetlands ecosystem exists from the contaminants
migrating off the New Castle Spill Site.

0423N5 6-9
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TABLE 6-7

COMPARISON OF SURFACE WATER
CONCENTRATIONS TO AWQC

AND TOXICITT VALUES

COMPOUND

trans- 1,2-Dlchloroethene

Trichloroethene

trls(2 - C hloropropyDph osph ate

MAXIMUM
SURFACE WATER
CONCENTRATION

(mg/U

Not Analyzed

Not Detected

O.O42

AWQC
(mg/U

ACUTE CHRONIC

11.6

45 21.9

None Established

TOXICITY
VALUE *

(mg/L)

None Listed

40.7**

0.240 ***

CO
O

CD
CO
CO

AWQC = Ambient Water Quality Criteria (US EPA, 1986)

*Most sensitive aquatic species listed in Verschueren, 1983
**96 hour LC50 (flow-through test) - Pimephales promelas Raflnesque (fathead minnows)

*'*No toxiciry values or AWQC for tris(2-chloropropyl)phosphate
Based on more toxic compound - tris(2.3-dlbromopn>pyl)phosphate
96 hour LC50 (static test) - rainbow trout sac fry



SECTION 7

CONCLUSIONS

The E n d a n g e r m e n t Assessment ( E A ) for the New Castle Spill Site
has examined the exist ing data, i den t i f i ed compounds of conce rn ,
eva lua ted potential exposure pathways, and approximated potential
risks or hazards to human and environmental receptors. Risks and
h a z a r d s calculated in this report are representative of a present
m a x i m u m , w h i c h should theore t i ca l ly dec rease w i t h t i m e . I n
a d d i t i o n , the r i sks calculated in this assessment are derived
f rom the worst-case assumption under hypothe t i ca l f u t u r e - u s e
cond i t i ons . The methods employed, as recommended by U.S. EPA,
are highly conservative and may result in e i ther over-or-under-
e s t i m a t i o n of the potential risk depending on the u n d e r l y i n g
assumption (as discussed in Sections 2.6 and 6 . 5 ) .

An exposed p o p u l a t i o n was no t a v a i l a b l e for a s se s smen t of
potent ia l exposure to ground water via r e s iden t i a l use u n d e r
present , ex i s t ing condi t ions scenario because 1) dr inking water
is supplied by municipal or commercial means, 2) private wells in
Columbia aquifer in the downgradient direction do not exist, 3)
closest m u n i c i p a l we l l i s loca ted a p p r o x i m a t e l y 0 .7 m i l e s
d o w n g r a d i e n t , and 4) there are no users of the Columbia aquifer
since the Potomac aquifer (regional potable aqu i f e r ) is available.
T h e r e f o r e , a h y p o t h e t i c a l , future-use ground wate r scenario
i n v o l v i n g adu l t s , ch i ldren 6 to 12 years , and ch i ld ren 2 to 6
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years and cons i s t i ng of a well installed in the Columbia aqui fe r
at the property boundary was employed to d e t e r m i n e the h a z a r d or
r i s k t o a p o p u l a t i o n u s i n g g r o u n d w a t e r l e a v i n g t h e N C S S
property.

Upper bound reasonable case and worst case est imates were made
for each exposure scenario. The reasonable case is based on
real is t ic exposure d u r a t i o n s , f requenc ies , and pathways; while
the worst case assumes tha t an i n d i v i d u a l may be c h r o n i c a l l y
exposed to the highest concentrations detected at the site. This
type of estimate means a 95 percent probability exists that the
r i s k m a y b e o v e r e s t i m a t e d w i t h a 5 p e r c e n t c h a n c e o - f
underestimating the risk.

All of the carcinogenic risks calculated were within U.S. EPA's
range. Table 7-1 is a summary of the ca lcula ted carc inogenic
r isks and noncarcinogenic hazard indices for the New Castle Spill
Site. The risk/hazard from present conditions (i.e., exposure to
sur face wa te r and sediments) were orders of magnitude below EPA's
gu i de l i ne s . That is, exposure by a p o p u l a t i o n to c o m p o u n d s
d e t e c t e d in the surface wa te r or sediments does not th rea ten
human health or the environment. Only the subchronic and chronic
h a z a r d i n d i c e s for the hypothet ica l case exceeded U . S . E P A 1 s
gu ide l ines of one. H o w e v e r , a p o p u l a t i o n is not c u r r e n t l y
exposed to the Columbia a q u i f e r and although these calcula ted
in takes exceed one, in real i ty , exposure to these in takes may
never occur.

The conclusions of the environmental assessment are that there is
1) no exceedance of ambien t water qua l i ty cri teria by measured
su r face water concen t ra t ions , 2) no exceedance of the toxicity
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TABLE 7 - 1
SUMMARY OF CALCULATED CARCINOGENIC RISKS

AND NONCARCINOGENIC HAZARD INDICES FOR
THE NEW CASTLE SPILL SITE

PRESENT, EXISTING CONDITIONS*

CARCINOGENIC RISK

Upper bound
Reasonable Case

- OE+00

NONCARCINOGENIC
HAZARD INDEX Subchronlc 1.45E-05

Chronic 3.76E-06

Upper Bound
Wor»t Case

- OE+00

1.45E-05
1.45E-04

HYPOTHETICAL FUTURE-USE SCENARIO**

CARCINOGENIC RISK

Upper bound
Reasonable Ca«e

3E-OS

NONCARCINOGENIC
HAZARD INDEX Subchronlc 6.71E + 00

Chronic 8.69E + 00

Upper Bound
Worst Ca»e

1E-04

6.71E + 00
6.68E + 01

US ERA'S
RECOMMENDED

GUIDELINE

1E-04 to 1E-07

US EPA'S
RECOMMENDED

GUIDELINE

1E-04 to 1E-07

Bold value indicates an exceedance of US EPA's guideline
Upper bound reasonable case represents the average concentration detected times either the RfD or CPF.
Upper bound worst case represents the maximum concentration detected times either the RfD or CPF.
- = approximate

* - Surface water and soils exposure
" - Ground water exposure
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v a l u e fo r t he mos t s e n s i t i v e a q u a t i c species t e s ted , 3 ) no
imminent threat to the biotic component of the wetlands ecosystem
f r o m con taminan t s migra t ing off the New Castle Spill Site, and 4)
low qualitative potential for bioaccumulation of these compounds
in the aqua t i c species and less potential for b iomagni f ica t ion of
the food chain to a human population.
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A C R O N V N S

US ERA
CERCLA
SUPERFUND
IS
CT
ERM
PC
NC
IARC
CAG
QSHA
TWA
NTP
ACGIH
MCL
TLV
RFO
AD I
SDt
CD I
NCR
NAAQS
AIS
CPF
1C
WHO
DNREC
NCSS
HENRV'S LAW CONSTANT

Koc

Kow

Kb

TOXICQKINETICS

TERATOGENIC

United States Environmental Protection Agency
Comprehensive Environmental Response, Compensation and Liability Act
Synonym for CERCLA
Indicator Score
Concentration times the Toxlcity Constant for each Medium
Environmental Resources Management, Inc.
Potential Carcinogen
Noncercinogen
International Agency for Research on Cancer
Carcinogen Assessment Group US ERA
Occupational Safety and Health Administration
Time Weighted Average
National Toxicology Program
American Conference of Governmental Industrial Hygienists
Maximum Contaminant Level
Threshold Limit Value
Reference Dose (=AIC, acceptable intake chronic)
Allowable Daily Intake
Subchronic Daily Intake
Chronic Dally intake
National Oil and Hazardous Substances Pollution Contingency Program
National Ambient Air Quality Standards
Acceptable Intake Subchronic
Carcinogenic Potency Factor
Indicator Compound
World Health Organization
Delaware Natural Resources and Environmental Control
New Castle Spill Site
The mass of a slightly soluble gas that dissolves in a definite mass of
a liquid at a given temperature
A measure of the tendency for organ! cs to be absorbed by soil
or sediment
A measure of how a chemical is distributed at equilibrium between
octanol and water
A measure of the partitioning of a chemical between microorganisms
and water in the water column
Quantitation of the time course of chemical absorption, distribution,
biotransformatlon. and excretion OR kinetics of the chemical
Of, or relating to, or causing developmental malfunctions and
monstrosities
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APPENDIX A

US EPA MODIFICATION TO THE IARC CLASSIFICATION
OF CARCINOGENS
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IARC CLASSIFICATION SYSTEM

The I n t e r n a t i o n a l Agency for Research on Cancer ( I A R C ) i n i t i a t e d
a research program in 1971 to e v a l u a t e the c a r c i n o g e n i c r i sk of
c h e m i c a l s t o h u m a n s . I n 1 9 8 2 , I A R C d e v e l o p e d a s y s t e m f o r
ca tegor iza t ion of carc inogens based on the s t r e n g t h of e v i d e n c e
for c a r e i noge n i c i ty . I A R C does not assess the r e l e v a n c e of
exper imenta l laboratory animal data to human r i sk . l A R C ' s s y s t e m
i s in s h a r p c o n t r a s t to the EPA ca tegor iza t ion system w h i c h was
adapted from the 1982 IARC system and is a basic e lement of the
r i s k assessment process . The EPA ca tegor iza t ion system d i f f e r s
f rom the IARC system in that i t stresses the w e i g h t - o f - e v i d e n c e
a p p r o a c h w h i c h i n c o r p o r a t e s t h e b a l a n c i n g o f p o s i t i v e a n d
n e g a t i v e s t u d i e s . D u r i n g J a n u a r y 1 9 8 7 , I A R C r e v i s e d i t s
c a t e g o r i z a t i o n system resul t ing in changes that incorporates some
new f e a t u r e s of the EPA sys tem, but d igress f r o m i t in o t h e r
ways.

The I A R C c a t e g o r i z a t i o n s y s t e m is ba sed on a d e f i n i t i o n of
c h e m i c a l c a r e i n o g e n e s i s as the i n d u c t i o n by c h e m i c a l s of
neop lasms tha t are not u s u a l l y observed , of neoplasms that are
c o m m o n l y obse rved , and /o r o f more neoplasms t h a n a re u s u a l l y
found.

The e v i d e n c e for carci-nogenicity in humans by IARC can be der ived
f r o m three types of s tudies:

1. Case repor ts of i n d i v i d u a l c ance r pa t ien ts w h i c h include a
his tory of exposure to the chemical in quest ion.

2. Descript ive epidemiological studies.

3 . A n a l y t i c a l e p i d e m i o l o g i c a l s t u d i e s (case c o n t r o l and
cohort ) .

The degrees of ev idence for carcinogenici ty in studies of humans
by IARC are de f ined as:

1. S u f f ic ient evidence of carc inogenic i ty , which indica tes tha t
there is a casual r e l a t ionsh ip b e t w e e n the agent and h u m a n
cancer.

2- Limi ted evidence of carcinogenicity, which indicates that a
c a s u a l i n t e r p r e t a t i o n i s c r e d i b l e , b u t t h a t a l t e r n a t i v e
e x p l a n a t i o n s , such as change, bias, or con found ing could not
be adequately excluded.

Tht
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EPA CLASSIFICATION SYSTEM

EPA ( F e d R e g i s t e r , 1986) has made the fol lowing modif ica t ions of
t h e IARC ( I A R C , 1 9 8 2 ) app roach t o c l a s s i f y i n g h u m a n a n d a n i m a l
studies. For human studies:

1. " T h e o b s e r v a t i o n of a s t a t i s t i c a l l y s i g n i f i c a n t
a s soc ia t ion b e t w e e n a n a g e n t a n d 1 i f e - t h r e a t e n i n g
b e n i g n tumors in h u m a n s is included in the eva lua t i ons
of risk to humans . "

2. "A 'no-data available1 classification is added."

3. "A "no evidence of carc inogenic i ty" classification is
a d d e d . T h i s c l a s s i f i c a t i o n i n d i c a t e s t h a t n o
assoc ia t ion was f o u n d between exposure and increased
r i s k o f c a n c e r i n w e l l - c o n d u c t e d , w e l l - d e s i g n e d ,
independent analyt ical epidemiologic s tudies .

For animal studies:

1. An inc reased incidence of combined benign and m a l i g n a n t
tumors w i l l be cons ide red t o p r o v i d e s u f f i c i e n t
e v i d e n c e o f c a r c i n o g e n i c i t y i f t h e o the r c r i t e r i a
d e f i n i n g the " s u f f i c i e n t " category of evidence are met .

2. A s t a t e m e n t tha t i nc rea sed i n c i d e n c e of benign tumors
alone provides "limited" evidence of c a r c i n o g e n i c i t y is
added.

3. U n d e r s p e c i f i c c i rcumstances , such as the produc t ion of
neoplasms that occur w i t h h igh s p o n t a n e o u s b a c k g r o u n d
i n c i d e n c e , the e v i d e n c e may be decreased to " l imi ted"
if warranted by s p e c i f i c i n f o r m a t i o n a v a i l a b l e on the
agent.

4. A "no data available" classification has been added.

5. A "no e v i d e n c e of c a r c i n o g e n i c i t y " c l a s s i f i c a t i o n
is also added.

A g e n t s t h a t a r e j u d g e d t o b e i n t h e E P A w e i g h t - o f - e v i d e n c e
s t ra t i f ica t ion Groups A and B are to be regarded as s u i t a b l e for
q u a n t i t a t i v e r i s k a s s e s s m e n t s . T h e a p p r o p r i a t e n e s s o f
quan t i fy ing the risks f rom agents in Group C, spec i f i ca l ly a g e n t s
that are at the boundary of Group C and D, would be judged on a
case-by-case basis. Agents that are judged to be in G r o u p s D and
E s h o u l d g e n e r a l l y no t be e v a l u a t e d as c a r c i n o g e n s u s i n g
quant i t a t ive risk assessments.

Th«
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E v i d e n c e o f c a r e i n o g e n i c i t y f r o m h u m a n s tudies comes f r o m throe
m a i n sources:

1 . C a s e r e p o r t s of i n d i v i d u a l c a n c e r p a t i e n t s who were
exposed to the a g e n t ( s ) .

2. Descriptive epidemiological s tudies .

3 . A n a l y t i c a l e p i d e m i o l o g i c (case control and cohor t )
studies.

Three c r i t e r i a m u s t be met b e f o r e a causa l a s s o c i a t i o n can be
in fe r red between exposure and cancer in humans:

1 . T h e r e i s no i d e n t i f i e d b i a s w h i c h can e x p l a i n the
association.

2. The pos s ib i l i t y of c o n f o u n d i n g has been considered and
ruled out as expla in ing the association.

3. The association is u n l i k e l y to be due to chance.

The weight -of -ev idence for carc inogenic i ty f rom studies
in humans can be categorized by:

a . S u f f i c i e n t e v i d e n c e o f c a r c i n o g e n i c i t y , w h i c h
i n d i c a t e s t h a t t h e r e i s a c a u s a l r e l a t i o n s h i p
between the agent and human cancer.

b . L i m i t e d e v i d e n c e o f c a r c i n o g e n i c i t y , w h i c h
i n d i c a t e s t h a t a c a u s a l i n t e r p r e t a t i o n i s
c red ib le , bu t tha t a l t e r n a t i v e e x p l a n a t i o n s such
as c h a n g e , b ias , o r c o n f o u n d i n g , c o u l d no t be
adequately excluded.

c. Inadequate evidence.

i. There were few pertinent data, or

ii. The available studies, while showing evidence
of association, did not exclude chance, bias
or confounding.

4. No evidence.

5. No data available.

A s s e s s m e n t s o f w e i g h t - o f - e v i d e n c e f o r c a r c i n o g e n i c i t y f r o m
studies in exper imental animals are classif ied into f ive groups :

Th«
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1. S u f f i c i e n t ev idence of ca rc inogenic i ty , w h i c h indica tes
an increased inc idence of m a l i g n a n t t u m o r s or c o m b i n e d
m a l i g n a n t and ben ign tumors :

a. In mul t ip le species or s t ra ins ; or

b . In m u l t i p l e experiments ( p r e f e r a b l y wi th d i f f e r e n t
routes of a d m i n i s t r a t i o n or u s i n g d i f f e r e n t dose
leve ls ) ; or

c. To an u n u s u a l degree in a s ingle exper imen t w i t h
regard to incidence, site or type of t u m o r , or age
at onset.

2. Limited evidence of carcinogenicity.

a . S t u d i e s i n v o l v e a s i n g l e s p e c i e s , s t r a i n , o r
experiment; or

b. The e x p e r i m e n t s are restricted by inadequate dose
leve l s , i n a d e q u a t e d u r a t i o n of e x p o s u r e to the
a g e n t , i n a d e q u a t e p e r i o d o f f o l l o w - u p , poor
s u r v i v a l , t o o f e w a n i m a l s , o r i n a d e q u a t e
report ing; or

c . An i n c r e a s e in the i n c i d e n c e of b e n i g n t u m o r s
only.

3. Inadequate evidence.

4. No evidence of carcinogenici ty ,

5. No data .

The c a t e g o r i z a t i o n of overall ev idence of c a r c i n o g e n i c i t y is
subdivided into f ive groups.

Group A: H u m a n c a r c i n o g e n s a re u sed o n l y w h e n there i s
suff icient evidence from epidemiologic s tud ies to
suppor t the causal association between exposure to
a g e n t ( s ) and cancer.

Group B : P r o b a b l e h u m a n c a r c i n o g e n s i n c l u d e a g e n t s f o r
which the evidence of h u m a n c a r c i n o g e n i c i t y f r o m
e p i d e m i o l o g i c s t u d i e s r a n g e s f r o m a l m o s t
" su f f i c i en t " to " inadequate ." Bl is reserved for
a g e n t s f o r w h i c h t h e r e i s a t l eas t l i m i t e d
e v i d e n c e o f c a r c i n o g e n i c i t y t o h u m a n s f r o m
e p i d e m i o l o g i c studies. The agents for wh ich there
is i n a d e q u a t e e v i d e n c e f r o m h u m a n s tudies or no
d a t a f r o m e p i d e m i o l o g i c s t u d i e s , b u t s u f f i c i e n t

Th«
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e v i d e n c e ex i s t s f rom a n i m a l s tudies , would u s u a l l v
be classified as B2.

Group C ; P o s s i b l e h u m a n c a r c i n o g e n s a r e used f o r a g e n t s
w i t h l i m i t e d e v i d e n c e o f c a r e i n o g e n i c i t y i n
a n i m a l s in the absence of human da ta . It includes
a wide var ie ty of evidence:
a. D e f i n i t i v e m a l i g n a n t t u m o r r e s p o n s e i n a

single well-conducted s tudy ,

b . M a r g i n a l t u m o r responses i n s t u d i e s h a v i n g
inadequate design or report ing,

c. Benign but not malignant tumors with an agent
s h o w i n g no response in a v a r i e t y of s h o r t -
term tests for mutagen ic i ty , and

d. M a r g i n a l responses in a tissue known to have
a high and variable background rate.

Group D : N o t c l a s s i f i e d i s u s e d f o r a g e n t ( s ) w i t h
i n a d e q u a t e h u m a n o r a n i m a l e v i d e n c e o f
c a r c i n o g e n i c i t y o r f o r w h i c h n o d a t a a r e
available.

Group E: No e v i d e n c e of ca rc inogen ic i ty for humans is used
n t s t h a t s h o w n o e v i d e n c e o f

in a t least two adequa te a n i m a l
species or in both a d e q u a t e

for a g
carcinogenicity
studies in different
epidemiologic and animal studies.

The text for the general weight-of-evidence discussion is taken
from proposed guidelines for carcinogen risk assessment (Fed.
Reg. 1986).

The EPA Carcinogen Assessment Group (CAG) has evaluated
more than fifty chemicals as suspect human carcinogens and
developed relative carcinogenic potency factors for each chemical.
The ranking of potency indices is subjected to the uncertainty of
comparing different routes of exposure and a number of different
species. These indices are based on estimates of low dose risk
using linear multistage extrapolation from the observed range.
Thus, these indices are not valid when compared to potencies in
the experimental or observational range, especially if linearity
does not exist in this range.

Th«
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3. Inadequa te evidence, which applies to both positive and
negative evidence, indicates that one of two conditions
prevailed: a) there were few pertinent data, b) the
available studies, while showing evidence of association,
did not exclude change, bias, or confounding.

4. No evidence, which applies when several adequate studies
were a v a i l a b l e w h i c h d o n o t show e v i d e n c e o f
carcinogenic!ty.

Tne assessment of evidence of carcinogenicity from studies in
experimental animals by IARC are defined as:

1. Sufficient evidence of carcinogenicity, which indicates that
there is an increased incidence of malignant tumors: a) in
multiple species or strains, b) in multiple experiments, or
c) to an unusual degree with regard to incidence, site, type
of tumor, or age of onset. Chemicals for which there is
sufficient evidence of carcinogenicity in humans are judged
by IARC to present a carcinogenic risk to humans.

2. Limited evidence of carcinogenicity, which means that the
data suggest a carcinogenic effect but are limited because
of some type of inadequacy in experimental design.

3. Inadequate evidence, which indicates that because of major
qualitative or quantitative limitations/ the study cannot be
interpreted as showing either the presence or absence of a
carcinogenic effect.

4. No evidence of carcinogenicity applies when several adequate
studies show that the chemical does not induce cancer.

The new IARC categories are listed below:

IARC Category IARC Titles

1 Sufficient evidence from Known human
epidemiological studies carcinogen

Sufficient animal evidence
2A Evidence of human carcinogenicity Probable human

is at least limited evidence from carcinogen
epidemiological studies

2B Sufficient animal evidence and Possible human
inadequate evidence from human carcinogen
studies

Ttw

f lR30 l 103



APPENDIX B

WORKSHEETS FOR INDICATOR COMPOUND
SELECTION PROCESS
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WORKSHEET 1.
SCORNG FOR WOCATOfl COMPOUND SELECTION:

CONCENTRATIONS W VARIOUS ENVIRONMENTAL MEDIA.

NAME OF SITE:
DATE PREPARED:

ANALYST:

New Castle Spill Site
16-Nov-88
TAS

x»
=D
CO
o

o
en

CHEMCAL
trans-1.2-Dichloroethene
Trichtoroethene
1 ,2-Dlchlorobenzene
Ethytoenzene
Benz(a)anthracene
Benzo(b)fluoranthene
Benzo(a)pyrene
lndeno(1 ,2.3-cd)pyrene
Chrysene
Carbon DisuMide
bls<2-Ethylhexyl)phthalate
2-Butanone
Iron - u
Manganese -u
Acenaphthylene * u
Isophorone - u
Fluoranthene • u
Anthracene - u
Pyrene • u
Iris (2-Chk>ropropyl)phosphate - u
Dibenzofuran - u
Naphthalene - u
2-Methylnaphthalene • u
Phenantnrene - u
Fluarene - u

MIN
ND
ND
ND

ND

ND
ND

ND

ND

ND

GROUNDWATER
<mg/L)

MAX
0.011
0.120
0.002

0.015

19.400
5.240

110.000

0.008

0.005

SURFACE WATER
(mg/L)

AVE MIN MAX AVE I
0.001
0.018
0.000

0.001

12.600
1.494

9.000 ND 0.042 0.011

0.002

0.001

SUBSURFACE SOIL
(mq/kql

MIN

ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

MAX

0.011
1.300
2.500
1.200
0.100
1.800
0.006
0.038
0.047

0.580
0.079
3.600
1.100
2.400
11.740
0.470
0.390
0.042
4.400
0.580

AVE

0.001
0.112
0.220
0.092
0.014
0.158
0.001
0.004
0.005

0.073
0.010
0.312
0.077
0.210
1.640
0.059
0.049
0.005
0.348
0.002

u - Toxicity constants not specified in Appendix C of Superfund Public Health Evaluation Manual (US EPA. 1986a)
ND - Not Detected



WORKSHEET 2.
SCORINQ FOR INDICATOR COMPOUND SELECTION:

TDXtCTTY INFORMATION.

NAME OF SITE:
DATE PREPARED:

ANALYST.

New Cart* SpiSto
16-Nov-88
TAS

CHEMICAL
tran«-i.2-Dichloroathana
Trichloroathana
Trichloroattiana
1 ,2-Dichlorobanzarw
Ethylbanztna
Sanz(a)anttimcafia
8an20(b)ftuoran ttwna
8anzo<a)pyr»na
Banzo(a)pyr*na
lndano{ 1 ,2,3-cd)pyrtna
Chrysana
Carbon DUulfida
bis(2-Ethylhaxyl)phthalata
2-Butanona

roXJCOLOQtC
CLASS

NC
PC
NC
NC
NC
PC
PC
PC
NC
PC
PC
NC
PC
NC

EPA RATING VALUE WATER
ORAL INHALATION TC.

5
82
5
4
4
82
02
82
8
C
82
7
82
10

5
82
4
5
4
82
82
82
S
C
82
7
82
10

5.29E-02
4.29E-C3
1.09E+00
5.19E-02
1.10E-02
5.81E-01
1 43E+01
455E*00
2.67E+01
1.42E+01

4.24E-01
571E-04
7.75E-03

SOIL
T.C.

2.65E-06
2.14E^7
5.26E-05
2.80E-06
552E-07
2.9 IE-05
7.00E-04
2.28E-04
1 33E-03
700E-04

2.12E-05
2.86E-08
3.87E-07

AIR
T.C.

5.29E-01
4.29E-02
2.96E+01
361E-01
1 10E-01
581E*00
1.43E+02
4.55E+01
1 91E*01
1 43E*02

4.24E+00
5.71 E-03
7.75E-02

Th«
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WORKSHEETS.
SCORNQ FOR iOCATOR COMPOUND SELECTION

CALCULATION OF CTANDS VALUES FOR CARONOGEtiC EFFECTS.

NAMEOFSrre: New Castle Sptl Site
DATE PREPARED t6 Nov 88

ANALYST TAS

GROUND WATER SURFACE WATER SUBSURFACE SOIL
CT CT CT

CHEMCAL MAX AC 1 MAX
Bwuo(b)Ruor«MhwM
TricNoroettteM S.1SE-04 7.72E-05
Benzo(a)pyr«w
ImtonoO .2.3-o4)pyr*n«
B«ru(«>antiraGWW
bl»(2-Ethy»Mxyl)phlha(al«
Chmera

ME 1 MAX
1 7SE 03

2 74E 04
7.00E-05
3.78E-OS
1.09E-OA

AUE
1.S4E-04

2.10E-05
9.60E-06
3.26E-06
1 28E 10

IS VALUE
MAX

1 75E 03
5.1SE-04
2.74E-04
7.00E-OS
3.78E-OS
1.00E-00

AVE
1.54E-04
7.72E-05
2.10E-05
G 60E 06
3.26E-06
1.26E-10

TENATIVE
RANK

MAX
1
2
3
4
5
6
7

AM=
1
2
3
4
S
6
7

CO
CD

o



WORKSHEET*
SCORNGFOR NMCATOR COMPOUND SELECTION:

CALCULATION OF CTAM)B VALUES FORNONCARCNOGEMC EFFECTS

NAME OF SITE New Castte SpU Sfto
DATE PREPARED: 16 Nov 88

ANALYST: TA5

GROUND WATER SURFACE WATER SUBSURFACE SOIL
CT CT CT

CHEUCAL
TricMoroMhM*
Carbon DtauMfe
Benzo(a)pyr«w
Iran* - 1 . 2- DfcMoroe thwia
1 ,2-DlctilorobMUMM
2-BuUfwn*
Ettwtwuan*

MAX
1.26E-01
6.36E-03

562E 04
1 .04E-04

AC 1 MAX
1 8BE-02
4 24E-04

5 29E 05
1.66E-OS

/«€ 1 MAX

1.27E-07
I.60E-03

1 82E 06
8 07E 09

AVE

2.12E-08
1 22E 04

t »4E 08
S.52E-10

IS VALUE
MAX

1.26E-01
6.36E-03
1 60E 03
562E 04
1.04E-04
1 82E 08
6.07E-09

»* \
1 89E-02
4.24E-04
1 22E-04
5.20E-05
1.56E-05
1 94E 09
5.52E-10

TENAT1VE
RANK

MAX
1
2
3
4
5
6
7

ME
1
2
3
4
5
6
7

CO
CD

O
oo



WORKSHEETS.
SCORING FOR INDICATOR CHEUCAL SELECTION:

EVALUATION OF EXPOSURE FACTORS AND FINAL CHE WCAL SELECTION

NAME OF SITE
DATE PREPARED

ANALYST: TAS

MM* Casito Sp* Sto

IS VALUE
AVE AVE

CHEUCAL
lrara-1 .2-DfchlorMirMM
TrtcHoroMten*
1 ,2-DfcMarolMnzMi
EihylbMUWM
Bwu(a)Mihmc«n»
B«nro(b)Nuoranih*m
3wuo(>)pyrwM
lnd«no<1.2.3-cd}pyr«n«
CtwyMM
Carbon DtouNU*
MM2-EAyltMyt)pnifMM«
2-BuMnon*
lriM2-ChloroiiropvllahM0fiM«

PC

7.72E-05

3.26E-06
1.54E-04
2.10EOS
9.00E-06
O.OOE*00

1.24E 10

NC
UK-OS
1J9C-02
156E-05
5.526-10

1.22E-04

4.24E-04

1.94E-09

RANNNG
"PC ———

2

S
1
3
4
7

0

NC
4
1
5
7

3

2

6

WATER
SOLUBILITY

(mofU
6.30E+04
1.10E+O3
I.OOEtOZ
1.52E+O2
5.70E-03
1.40E-02
1.20E-03
S.30E-04
1 JOE-03
2.94E+O3

VAPOR
PRESSURE

fmmHGt
2.65E+O2
S.79E*O1
1.00E«00
700€»00
2.20£-0e
S.OOE-07
S.60E-00
1.00E-10
6.30E-O9
3.00£»02

HENRY'S LAW
CONSTANT HALF-UFE (DAYSt

(•Un-mttnoto) Koc I SOIL 1 AIR 1 SW I ON I C
6.56E-03
9.10E-03
1.93E-03
6.43E-03

.16E-06

.19E-OS

.55E-O8

.66E-Oa

.05E-06

.23E-02

59
126
1700
1100

13*0000
550000
5500000 420.00
1600000
200000

54

2.10
3.70
26.00
1.46
5.50
5.50

480.00 1.OO
5.50
5.50

1.00
1.00
1.50
1.50
1.00
1.00

6.00 0.40
0.02O6

0.20

6.00 ym
90.00 yM
a so
7.50
5.00
2.00

2.0B
-

VM

CO
CD

CD

Pag#i



APPENDIX C

FATE AND TRANSPORT PROFILES OF
THE INDICATOR COMPOUNDS
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Trans-1,2-DICHLOROETHENE

General:

trans-1 ,2-Dichloroethene is a colorless liquid with an ether-like
odor. It has many uses as a solvent, in rubber manufacturing, as
a refrigerant, and as an additive to dye and lacquer solutions.
It is also used as a constituent of perfumes and thermoplastics.
trans-1,2-Dichloroethene is only slightly soluble in water. When
its water solubility is exceeded, this chemical will sink in a
column of water.

Fate and Transport;

V o l a t i l i z a t i o n appears to be the major transport process for
t r a n s - 1 , 2 - d i c h l o r o e t h e n e in s u r f a c e water and soi ls . The
vola t i l i za t ion h a l f - l i f e in surface water is reported to be 22
minutes. Once in the troposphere, the chemical is at tacked a-t
the doub le bond by h y d r o x y l rad ica ls to f o r m f o r m i c ac id ,
hydroch lo r i c a c i d , and carbon monox ide . The t ropospher ic
h a l f - l i f e of t rans - 1 , 2-d i chloroethene , based on its rate of
reaction with hydroxyl radicals, is probably less than one day.
Based on its rate of oxidat ion in the troposphere, little or no
trans-1,2-dichloroethene would be expected to migrate into the
stratosphere; thus photolysis is probably a minor fate process in
the atmosphere. Photolysis does not appear to be an i m p o r t a n t
f a t e p r o c e s s i n t h e t e r r e s t r i a l o r a q u a t i c e n v i r o n m e n t s .
Oxidation and hydrolysis in the aquatic environment do not appear
to be s i g n i f i c a n t . Based on its Ko c , trans-1,2-dichloroethene
probably does not adsorb to soils and sediments to any e x t e n t .
Based on i t s oc tanol /water p a r t i t i o n c o e f f i c i e n t ( K o w ) , th i s
c o m p o u n d p r o b a b l y d o e s n o t b i o a c c u m u l a t e .
t r a n s - 1 , 2 - D i c h l o r o e t h e n e does biodegrade in the e n v i r o n m e n t ,
espec ia l ly u n d e r a n a e r o b i c c o n d i t i o n s . H o w e v e r , r a t e s o f
d e g r a d a t i o n a re p r o b a b l y s low; t h e r e f o r e , b iodegrada t ion i s
probably not an important fa te process.

Summary;

The major e n v i r o n m e n t a l f a t e and t ranspor t process for t rans-
1,2-dichloroethene is volat i l izat ion f rom surface water and soils
to the troposphere w i t h subsequent at tach by hydroxyl radicals.
In g roundwate r and subsu r f ace soils, t rans-1 ,2-d ichloroe thene
will infiltrate and migrate with the ground water flow.

References;

Cal lahan, M . A . , et al., 1979; Verschueren, K., 1983; Vogel, T . M . ,
et al., 1987.
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TRICHLOROETHEME

General:

T r i c h l o r o e t h e n e ( T C E ) is ubiqui tous in the envi ronment , a l though
i t i s not n a t u r a l l y o c c u r r i n g . W i d e l y u s e d as a s o l v e n t in
i n d u s t r i a l d e g r e a s i n g of m e t a l s , TCE has minor uses in f u m i g a n t
mixtures , i n h a l a t i o n anes thes i a , and d e c a f f e i n a t i o n o f c o f f e e .
TCE is a h igh ly volatile unsaturated al iphatic hydrocarbon wi th a
relatively high water so lub i l i ty . From i ts d e n s i t y , any TCE in
excess of its w a t e r s o l u b i l i t y would s i n k to the bottom of the
water .

Fate and Transport;

V o l a t i l i z a t i o n of TCE in the e n v i r o n m e n t is i ts most important
f a t e process. I ts labora tory h a l f - l i f e is r epor ted to be 21
m i n u t e s . O n c e t h e c o m p o u n d e n t e r s t h e t r o p o s p h e r e , h i g h
temperatures and UV radiation promote rapid degradation ( t i / 2 - 4
d a y s ) t o h y d r o c h l o r i c a c i d ( H C 1 ) , d i c h l o r o a c e t y 1 ch lo r ide ,
phosgene, carbon monoxide, and hexachlorobutadiene . The overa l l
h a l f - l i f e of TCE in s u r f a c e w a t e r and air is 1-90 days and 4
days, respectively. Limited laboratory studies on the adsorpt ion
of TCE onto soils and sediments indicate that TCE does not adsorb
to a great extent to pure c lays (<5 percent a d s o r p t i o n ) . T h u s ,
adsorp t ion w i l l not be cons idered as a major fate process. TCE
does not s ign i f ican t ly b ioaccumula t e in the e n v i r o n m e n t as seen
by b i o c o n c e n t r a t i o n f a c t o r s of 10" I"7 for b l u e g i l l s , w i t h a
h a l f - l i f e i n t i s s u e o f less t h a n 1 d a y . H i g h e r m a m m a l s ,
i n c l u d i n g m a n , can d e g r a d e TCE to c h l o r i n a t e d acet ic ac ids .
Under anaerobic conditions, TCE can degrade to carbon d iox ide in
s u b s u r f a c e e n v i r o n m e n t s . H o w e v e r , b i o d e g r a d a t i o n /
b i o t r a n s f o r m a t i o n i s cons idered of m i n o r s i g n i f i c a n c e as an
environmental fate process.

Summary;

T h e m a j o r e n v i r o n m e n t a l t r a n s p o r t p r o c e s s f o r T C E i s
volati l ization from surface water and soils to the atmosphere.
In ground water and subsurface soils, TCE wi l l i n f i l t r a t e and
migrate wi th the ground water f low.

References;

Callahan, M.A. et al., 1979; Mills, W.B. et al., 1982, U.S. EPA,
1985 ; Schuller, T.A., 1983; Wilson and Wilson, 1985.
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TRIS(2-CHLOROPROPYL)PHOSPHATE

General;

Tris (2-chloropropylJphosphate has many synonyms of which the most
common is tris. Tris is a clear, colorless liquid. It is most
commonly used as an industrial flame retardant for textiles.
Generally, tris and its related compounds are not very water
soluble. When its water solubility is exceeded, excess tris will
sink.

Fate and Transport:

Lit t le i n f o r m a t i o n on the e n v i r o n m e n t a l f a t e and t r anspo r t of
tris is ava i lab le . The behav io r of t r is in the e n v i r o n m e n t is
i n f e r r e d f r o m i n f o r m a t i o n available for the s t ruc tura l ly related
c o m p o u n d s t r i s ( 2 , 3 - d i b r o m o p r o p y l J p h o s p h a t e a n d
t r i s ( 2 - c h l o r o i s o p r o p y l J p h o s p h a t e . Based on its vapor pressure,
tris will volatilize from surface waters and surface soils. Tris
has a low r e a c t i v i t y w i t h w a t e r and bases; thus , hydrolysis is
not cons idered an i m p o r t a n t e n v i r o n m e n t a l f a t e p r o c e s s . One
study indicates that tris does not bioaccumulate in organisms.
Tris has a reported b ioconcent ra t ion f ac to r of about 3. L i t t l e
is known about the sorptive behavior of tris. However, because
of its low water solubil i ty and its large Kow, tris w i l l p r o b a b l y
so rb in s i g n i f i c a n t amounts to clay and other soil m a t e r i a l .
There is l i t t le or no i n f o r m a t i o n in the l i te ra ture regarding
o x i d a t i o n , p h o t o l y s i s , o r b i o d e g r a d a t i o n o f t r i s i n t h e
environment. Thus, no conclusions as to the importance of these
processes can be made at this t ime.

Summary;

The major environmental fate process for tris is sorption in
soils, with volatilization from surface soils and surface waters
as a minor fate process.

References;

Isnard, P. and S. Lambert, 1988; Grayson, M., 1985.
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APPENDIX D

SAMPLE CALCULATIONS
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TABLE 0-1
STANDARD INTAKE EQUATIONS

EXAMPLE CALCULATIONS FOR EXPOSURE
OF CHILDREN 6-12 TO lris(2-CHLOROPROPYL}PHOSPHATE

jjermal Contact
1. Exposure lo surface water
_Prutunt, _ Subchronic Intake

9*1ft In a M [maxr%SAWSS'MF'OSW(1/BW)'(1 L/1 OOOOOOmg)
. {0.042mg/L'0.20*(10470 sq cm)*(0.5mg/sq cm/hr)

*1 event* (1/29kg)*(1 L/1000000mg)}
« 1.S2E-06 mg/kg/day

Chronic intake
» [aveJ*%SAW'SS*MF*SWOSW*(1/BW)*(1 L/1 OOOOOOmg)
« {0.011 mg/L*0.20'(10470 sq em)'(O.Smg/sq cm/hr)

M hr*(150days/365 days)* (1/29kg)*(1 L/1 OOOOOOmg)}
- 1.63E-07 mg/kg/day

2. Exposure 10 soils
Subchronic Intake

f xl* tin a » [max|*(1/BW)'(t kg/1000000mg)'DSC'{(%SAS*SS'OA

.11.7 mg/kg '(t/29kg}*(1kg/1000000mg)'3 hrf{(0.20'
10470sq cm'(0.51 mg/sq cm)'0.12'0.15)+SO mg)

=. 2.B1E-05 mg/kg/day

Chronic intake
. [avel*(1/BW)*(1 kg/1000000mg)'SWDSC*((%SAS'SS

. 1.64 mg/kg '(1/29kg)*(1kg/lOOOOOOmg)*1 hr/day'
(150day/36S daya)*{(0.20*10470sq cm'(0.51 mg/sq cm)
•0.12*0.15)+50 mg}

. 1.61E-06 mg/kg/day

3. Exposure to ground water while bathing
HYPOTHETICAL Subchronic Intake

Future U9» m [max|'**SB*SS'MF'(1/BW)*TB'(1 L/1 OOOOOOmg)
• 110 mg/L *0.80'10470 sq cm '(0.5 mg/sq cm/hr) '

(1/29 kg)'0.33 hf(1 L/1 OOOOOOmg)
. 5.23E-03 mg/kg/day

Chronic intake
M [ave|*%S8'SS'MF'(1/BW)*TB*(1 L/1 OOOOOOmg)
• 9.0 mg/u '0.80*10470 sq cm '(0.5 mg/sq cm/hr) *

(1/29 kg)'0.33 hr'(1 L/1 OOOOOOmg)
• 4.29E-04 mg/kg/day

Inhalation
Inhalation while bathing
HYPOTHETICAL Subchronic Intake

Futun ut0 . [maxJ*I((VWIR<TB)/(2*VS)) + ((IR*AE*VW)/(VB))}*(1/BW)*%INH
• 110 mg/L'{((200L*0.46 c m/hr'0.33 hr)/(2*3 C m))+

((0.46 c m/hr)'0.166 hr*200L)/(10c m))}*1/29 kg *0.5
• 6.27E+00 mg/kg/day

Chronic intake

9 mg/L'(((200L*0.46 c m/hr'0.33 hr)/{2*3 c m))*
((0.46 c m/hr)*0.166 hf200L)/(10c m)),'1/29 kg '0.5
1 036*00 mg/kg/day

Ingestlon Subchronic Intake
Drinking water exposure * |m««l*W(1/BW)-%INQ
HYPOTHETICAL » 110 mgfl.* 1 L '(1/29kg)* 1

Future us* * 3.80E*00 mg/kg/day

Chronic
- {ave]*W(1/BW)'%INQ
- 9 mg/L' 1 L '(1/29kg)* 1
- 3.11E-01 mg/kg/day
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TABLE 0-2
STANDARD PARAMETERS FOR CALCULATION OF DOSAQE AND INTAKE

NEW CASTLE SPILL SITE

PHYSICAL CHARACTERISTICS
Average Body Weight

Average Skin Surface Area

ACTIVITY CHARACTERISTICS
Amount ot Water ingested Daily
Amount ol Air Breathed Daily
Duration of Soil Contact

Subchronic
Chronic

Frequency of Soil Contact
Percentage of Skin Surface Area

Contacted by Soils
Skin Absorbtion Rale of Compounds

in Soil
Incidental Soil Ingesiion (per event)
Frequency of Surface Water Contact Casual
Duration of Surface Water Contact

(Casual)
Percentage of Skin Surface Area
Immersed

Percentage of Surface Area Immersed
While Bathing

Length ot Time While Bathing
Amount of Air Breathed While Bathing
Length of Additional Exposure After

Bathing
Volume of ShowerslaU
Volume ol Bathroom
Volume ot Water Used While Showering
Absorption via Inhalation (%)
Absorption via Ingesiion (%)

MATERIAL CHARACTERISTICS
Dust Adherence (Potting Soil)
Soil Matrix Effect
Mass Flux Rate (water-based)

(a)

(a.e)

(a)
(d )

(d)

(d)
(d)

(c )

(0

(d)

(a)

(a)

(b)
(a)
(b)

(b )
(b)

- (b)

(a)
(c )
(a)

Symbol

BW

SB

w
A

DOC

re
%AS

SAR

1 1

osw
%AW

%SS

TB
in
t*
xs
VB
vw

%INH
%NQ

DA
ME
MF

Adult

70kg

18.150 cm 2

2 liters
20 m3

3 hr
1 hr

5 days/year
20%

6%

50 mg

1 event

20%

80%

20 min.
0.83 cu m/hr

10 min.

3 cu m
10 cu m
200 L

50
100

0.51 mg/cm2
15%

0.5 mg/em2/hr

Child Aqe 6-12

29 kg

10.470 cm2

t liter
11 m3

3 hr
1 hr

150 days/year
20%

12%

50 mg

1 event

20%

80%

20 min.
0.46 cu m/hr

10 min.

3cu m
10 cu m
200 L

50
100

0.51 mg/cm2
15%

0.5 mg/cm2/hr

Child Aoe 2-6

16 kg

6980 cm2

1 liter
6 rn3

3 hr
1 hr

150 days/year
20%

12%

100 mg

1 event

20%

80%

20 min.
0.25 cu m/hr

10 min.

3 cu m
10 cu m
200 L

50
100

0.51 mg/cm2
15%

0.5 mg/cm2/hr

a - Superfund Exposure Assessment Manual, 19M
b - K.O. Symms. *An Approximation of the Inhalation Exposure to Volatile Synthetic Organic Chemicals from Showering with

Contaminated Household Water ," Paper to b* presented at the Symposium of American College of Toxicologists. 11/15/86
c • J.K. Hawley. 'Assessment of Health Risk from Exposure to Contaminated Soil,' Risk Analysis. Vol. 5. No. 4, 1985
d • ERM Staff Professional Judgement
e • Andersen ef al, 1984
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APPENDIX E

CALCULATION OF AN ACCEPTABLE DAILY INTAKE
FOR trls(2-CHLOROPROPYL)PHOSPHATE
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APPENDIX E

T h e A c c e p t a b l e D a i l y i n t a k e f o r C h r o n i c e x p o s u r e ( A I C ) o r
r e f e r e n c e d o s e ( R f D ) o f 0 . 1 2 5 m g / k g / d a y f o r
t r i s f 2 - c h l o r o p r o p y l ) p h o s p h a t e w a s c a l c u l a t e d f r o m a r a t
subchron ic study described in the Product Sa fe ty I n f o r m a t i o n
Sheet suppl ied by S t a u f f e r Chemical Company. The RfD for humans
was calculated to be equal to the No-Observable-Adverse-Effect
Level ( N O A E L ) for an e x p e r i m e n t a l an imal divided by appropriate
safety factors. In a toxicology study, the NOAEL is the dose at
w h i c h the a n i m a l does not receive any toxic e f f e c t s f rom the
chemical in question. The safety factors usually consist of
m u l t i p l e s o f t e n w h i c h a r e a p p l i e d t o a c c o u n t f o r t h e
unce r t a in ty in ex t rapo la t ion of an imal data to the h u m a n and
a n o t h e r f a c t o r o f t en may be a p p l i e d t o a c c o u n t f o r t he
d i f f e r e n c e s i n s ens i t i v i t y between i n d i v i d u a l s i n t he h u m a n
popu la t i on . The s a f e t y fac tor of 100 that results is judged by
US EPA to be appropriate for many chemicals . A d d i t i o n a l s a f e ty
f a c t o r s / u s u a l l y i n m u l t i p l e s o f t e n , m a y b e a p p l i e d i n
situations where the database for a chemical is incomplete . One
e x a m p l e o f t h i s i s w h e n the N O A E L v a l u e w h i c h i s u sed to
calculate the RfD is based on a s tudy shorter than a chronic or
l i f e t i m e s t u d y . Th i s p r o c e d u r e f o r c a l c u l a t i n g a n R f D i s
s u m m a r i z e d i n t h e b a c k g r o u n d d o c u m e n t s w h i c h s u p p o r t s t h e
In tegra ted Risk In fo rma t ion System ( I R I S ) . The results of the
rat subchronic s tudy for tr is ( 2 -ch lo ropropy l ) p h o s p h a t e are
summarized as follows.

E-l

f lR30 l I 18 — —-*



A three m o n t h toxicology s t u d y was performed on male and female
rats r ece iv ing da i ly d ie ta ry c o n c e n t r a t i o n s of t r i s a t 8 0 0 ,
2 ,500 , 7 ,500 and 20,000 pm. An increase in relative and absolute
liver weight is observed in male rats at all dose levels and in
f ema le rats receiving 7,500 or 20,000 ppm tris in the diet. This
type of change is not judged to be an adverse or toxic e f f e c t of
tris exposure . Toxic e f f e c t s were observed in the female rats
receiving the highest dose and in male rats at both the 7 ,500 and
20,000 ppm dose levels. These effects included mi ld cortical
t u b u l a r d e g e n e r a t i v e c h a n g e s i n t h e k i d n e y a n d m i l d
his topathological changes in the liver (only in animals receiving
20,000 ppm) . Very mild hypoplasia of the sternal bone marrow and
very mi ld thyroid fo l l icular hyperplasia was observed in the
female rats receiving the highest dose of tris.

In this s tudy the NOAEL is the dietary concentration of 2 ,500 ppm
because the toxic e f f e c t s observed in this s tudy only occur at
h ighe r doses. To use this NOAEL in ca lcu la t ing the RfD for
humans, it must first be converted from a dietary concentration
in ppm to one expressed in mil l igram per ki logram of body weight.
The d ie ta ry concen t ra t ion is mu l t ip l i ed by a f a c t o r of 0 . 0 5 ,
which is the f r a c t i o n of body weight that a rat eats dai ly . The
actual dose of 125 mg/kg/day is calculated in this manner . This
ac tua l da i ly dose is then d iv ided by the safety factors to
determine an acceptable long-term da i ly i n t a k e for h u m a n s . A
s a f e t y f a c t o r of 1 , 0 0 0 i n c o r p o r a t e s a f a c t o r of 10 for
extrapolation of animal data to humans; a factor of 10 to protect
s e n s i t i v e h u m a n s u b p o p u l a t i o n s ; and a fac tor of 10 for
substituting a subchronic study for a chronic one. The resultant
RfD ( for oral exposure) is 0.125 mg/kg/day.

TIM
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In this case, an Acceptable Intake for a Subchronic (or short
term) exposure (AIS) can be easily calculated from the RFD by
removing the safety factor of 10 which accounts for the
uncertainty in substituting a subchronic study for a chronic one.
The calculation of the AIS will be equal to the dose of 125
mg/kg/day divided by a safety factor of 100, resulting in an AIS
of 1.25 mg/kg/day.

The RfD and AIS calculations are as follows:

NOAEL for rats = 2500 ppm in the diet (Product Safety Data Sheet
- Stauffer Chemical)

DOSE = NOAEL * Daily Intake for Rat (expressed as % of body
= 2,500 ppm * 0.05 weight)
= 125 mg/kg/day

RfD {chronic oral)

AIS (subchronic oral)

Dose/Safety Factors
(125 mg/kg/day)/1000
0.125 mg/kg/day

Dose/Safety Factors
(125 mg/kg/day)/100
1.25 mg/kg/day

E-3
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APPENDIX F

TOXICOLOGICAL PROFILES OF THE
INDICATOR COMPOUNDS

Tht

f l R 3 0 l 1 2 1



APPENDIX F

TRICHLOROETHENE

Synonyms

1 , 1 , 2 - t r i c h l o r o e t h e n e , a c e t y l e n e t r i c h l o r i d e , e t h i n y l
trichloride, ethylerie trichloride, TCE, TRI , trichloroethylene

References

I n t e r n a t i o n a l Programme on Chemical Safety, Environmental Health
Criteria No. 50, Trichloroethene, WHO, Geneva 1985.

U . S . E n v i r o n m e n t a l Protection Agency, Health Assessment Document
for Trichloroethene, July 1985, EPA/6008-82/006F.

World Hea l t h Organ iza t ion , In te rna t iona l Agency for Research on
Cancer , IARC Monographs on the Eva lua t ion of the Carc inogenic
Risk of Chemicals to Humans, Suppl.4, Lyon, October 1982.

Summary of Health Effects Data

The acute toxicity of trichloroethene is relatively low, mainly
central nervous system depression at h igh concent ra t ion levels.
In exper imental animals, kidney and liver toxicity may be induced
by chronic exposure at elevated doses. There is evidence that
t r i c h l o r o e t h e n e i s c a r c i n o g e n i c i n r o d e n t s a t h i g h
concent ra t ions , bu t the s i g n i f i c a n c e of these f i n d i n g s w i t h
respect to low-level human exposure is controversial. Extensive
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epidemiologica l i n v e s t i g a t i o n s have f a i l e d to s u b s t a n t i a t e an
increased carcinogenic risk for humans.

Toxicokinetics

Tr ich loroe thene can be absorbed by dermal or oral contact, or by
inhalat ion. Absorption by the dermal route is normal ly not h igh
e n o u g h t o e l i c i t tox ic e f f e c t s . P u l m o n a r y u p t a k e o f t h e
substance is rapid, and d i s t r i b u t i o n occurs to all body t i ssues
w i t h a c o n s i d e r a b l e f r a c t i o n in adipose ( f a t t y ) t i ssue. I t
readi ly crosses the placental barr ier . In h u m a n s part of the
a b s o r b e d t r i ch lo roe thene (abou t 1 0 % ) i s expired unchanged in
exhaled a i r . M e t a b o l i c c o n v e r s i o n in the l i v e r r e su l t s in
u r i n a r y excret ion of 30-50% as tr ichloroethanol (pa r t ly as a
glucurouide) and 10-30% as t r ichloroacet ic ac id . E s t i m a t i o n of
these metabol i tes in u r i n e may be u t i l i zed for the biological
monitoring of exposure. A f t e r a single exposure, the level of
t r i c h l o r o a c e t i c ac id in blood and u r ine increases for up to
20-40 hrs, whereupon the concentration decreases with a h a l f - l i f e
of 70-100 hrs. Although elimination from the tissues occurs at a
slow rate, virtually all the t r ichloroethene f rom a s ingle h igh
dose is excreted wi th in 48 hours of administration.

Toxicology Studies

Non-neoplast ic effects Trichloroethene has a low acute oral
toxicity in mammals with LC5Q values in the range 5000-15,000 ppm.
In h u m a n s , higher concentra t ions of this volat i le solvent have
anesthetic as well as analgesic properties and may occasionally
elicit cardiac ar rhythmias . Chronic exposure to high levels has
been reported to induce neurotoxic symptoms l ike a t ax i a , sleep
disturbances and psychotic episodes as well as neuropathy of the

P-2
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cran ia l nerves. H u m a n s exposed to extremely high concentrations
of t r l ch lo roe thene have expe r i enced l i v e r and k i d n e y d a m a g e
s i m i l a r to the ef fec ts noted in animal studies. The induction of
irreversible neuropathies may involve decompos i t ion products of
t r i ch lo roe thene , l ike highly toxic dichloroacetylene. This idea
is supported by the f i nd ing that such ef fec ts have not been f o u n d
cons is ten t ly in epidemiologica l s tudies involving high exposure
levels.

Carcinogenic!ty Studies There is evidence that trichloroethene,
with and without epoxide stabilizers induces liver tumors in mice
upon i n h a l a t i o n or oral a d m i n i s t r a t i o n of high doses. There is
l imi ted evidence that this solvent also induces r e n a l t u m o r s
assoc ia t ed w i t h toxic nephrosis in male rats, but this assay
( N T P ) has been considered inadequate to evaluate the carc inogenic
response.

The hepatocarcinogenic action of trichloroethene in mice has been
associated wi th peroxisome i n d u c t i o n (caused by the metabo l i t e
t r ichloroacet ic acid) . Opinions d i f f e r as to the s ignif icance of
these f indings w i t h respect to its relevance to man . F u r t h e r ,
the s u i t a b i l i t y of the l inear ized mul t i s tage model used by the
U.S. EPA for low-dose extrapolation with respect to th is type of
rodent carcinogen has been questioned.

A n u m b e r o f e p i d e m i o l o g i c a l i n v e s t i g a t i o n s i n c l u d i n g
occupationally exposed population groups have been carried out to
examine the possible carcinogenic action of trichloroethene, but
so far no adequate support for a carc inogenic act ion in humans
has been obta ined. These studies tend to support the view that
the carcinogenic potency factor derived by EPA, which is of the
same order of m a g n i t u d e as for the w e l l e s t a b l i s h e d h u m a n
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carcinogens benzene and vinyl chloride, represents a significant
overestimation of r i sk . I t appears ex t remely u n l i k e l y tha t if
t r i c h l o r o e t h e n e is a p o t e n t h u m a n care inogen i t would have
escaped d e t e c t i o n i n t h e e p i d e m i o l o g i c a l s u r v e y s a l r e a d y
conducted.

Mutagen ic Ef fec ts and Adverse Effects on Reproduction Due to the
presence of m u t a g e n i c impur i t i e s and o ther fac tors present in
trichloroethene, the results from short-term mutagenicity testing
have been ambiguous. The m u t a g e n i c a c t i v i t y of t r ich loroe thene
must be regarded as low or non-existent.

T r i c h l o r o e t h e n e does not seem to i n d u c e any b i o l o g i c a l l y
signif icant embryotoxic or tera togenic e f f e c t s in exper imenta l
animals.

Regulatory Standards

On the bas i s of the l ong - t e rm s t u d i e s in r o d e n t s , EPA has
c las s i f i ed t r ichloroethene as a Group B2 carcinogen (probable
human ca rc inogen) w i th a carcinogenic potency factor (oral) of
0.011 (mg/kg/day)~1. I ARC considers that only l imi ted evidence
is avai lable that trichloroethene is carcinogenic in mice and has
classified the substance in Group 3 (non-c las s i f i ab le as to its
c a r c i n o g e n i c i t y f o r h u m a n s ) . T h e p o s i t i o n o f t h e IPCS
International Task Group concerning the induc t ion of tumors in
rodents was that "the s ignif icance of these f indings needs to be
evaluated in the context of fur ther studies on the mechanism of
action of t r ichloroethene." In the European Common Market this
solvent is classified as "Harmful" ( X ) .
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According to E P A , a m u t a g e n i c potential cannot be ruled out , but
EPA takes the pos i t ion that if the compound is m u t a g e n i c , the
ava i l ab le da ta suggest tha t the substance would be a very weak,
ind i rec t m u t a g e n . IARC has j u d g e d a v a i l a b l e e v i d e n c e to be
inadequate to assess the mutagenicity of trichloroethene.

The cu r ren t A C G I H 8 hrs TWA ( T L V ) for trichloroethene is 50 ppm
( 2 7 0 m g / m 3 ) • T h e a m b i e n t w a t e r q u a l i t y c r i t e r i o n f o r t h e
p r o t e c t i o n of a q u a t i c l i f e in f r e s h w a t e r has been se t a t
45 mg/L. The M a x i m u m C o n t a m i n a n t Level in d r i n k i n g water has
been adjusted to 0.005 mg/L.

A summary of critical toxicity values arid regulatory standards
for trichloroethene are summarized in the attached table.

Synonyms

Trans-1,2-dichloroethylene, trans-acetylerie dichloride, Dioform.

Sources

The m a j o r use of t r a n s - 1 , 2 - d i c h l o r o e t h e n e is as a c a p t i v e
in te rmedia te in the product ion of other chlor inated solvents ,
t ra ns-1 , 2 - D i c h lorof orm is also formed by the degradat ion of
trichloroethylene and tetrachloroethylene in ground water.

References

U.S. EPA, 1985. Chemical, Physical, and Biological Properties of
Compounds Present at Hazardous Waste Sites, Final. Prepared by
Clement Associates.
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U . S . E P A , 1985. H e a l t h Advisor ies for 52 Chemica ls Which Have
Been Detected in Dr inking Water. PB86-1118338.

U . S . E P A , 1 9 8 4 . H e a l t h E f f e c t s A s s e s s m e n t f o r
trana-1,2-Dichloroethene.

Summary of Health Effects Data

T h e r e h a v e no t been m a n y s t u d i e s on t he t o x i c e f f e c t s o f
trans-1,2-dichloroethene. Acute exposure can product a narco t ic
e f f e c t and possibly liver and k idney damage. Studies indicate
tha t trans-1 ,2-d ichloroethene is riot a mutager i . There is not
enough evidence to eva lua te its ca rc inogenic i ty or e f f e c t s on
reproduction and development.

Toxicokinetics

No studies have been conducted to de termine the absorpt ion of
trans-1,2-dichloroetherie into the body. Based upon its chemica l
p r o p e r t i e s ( l o w molecular we igh t , high l ip id so lub i l i t y , and
neutral electrical charge), it is expected to be absorbed through
i n h a l a t i o n , ingest ion and sk in contact . Using s tudies of the
absorption of t r ichloroethene, the U . S . EPA has es t imated that
n e a r l y 1 0 0 % of inges ted t r a n s - 1 , 2 - d i c h l o r o e t h e n e would be
a b s o r b e d s y s t e m i c a l l y a r i d t h a t 3 5 - 5 0 % o f i n h a l e d
trans-1,2-dichloroethene would be absorbed systemically. Once
absorbed, the compound is d i s t r i bu ted to all body tissues w i t h
the highest concentrat ions expected to be found in the liver and
kidney. In vitro studies indicate that t rar is-1,2-dichloroethene
is metabolized to 2,2-dichloroethanol and 2,2-dichloroacetic acid.
E l i m i n a t i o n of t rans-1,2-dichloroetherie f rom the body occurs
pr imar i ly through exhaled air , but the metabolites are eliminated

F-6



through the urine. If the excretion of this compound is similar
to that of 1,1-dichloroethene, then the major portion of a single
dose would be eliminated within 24 to 72 hours of exposure.

Toxicology Studies

Acute

Acute exposure to trans-1,2-dichloroethene is associated wi th
cent ra l nervous system ( C N S ) d e p r e s s i o n a n d n a r c o s i s . T h e
t r a n s - i s o m e r i s two t i m e s as p o t e n t as the c i s - i somer in
depressing the CNS. The oral LDso for trans-1,2-dichloroethene
i n r a t s i s 1 3 0 0 m g / k g . R a t s e x p o s e d f o r f o u r h o u r s t o
concentrations of trans-1,2-dichloroethene rang ing from 8 , 0 0 0 to
16,000 ppm in the air experienced narcosis and death. Acute
exposure to lower concentrations of t rans-1,2-dichloroethene is
associated with liver and kidney damage.

Subchronic

Several studies have been conducted on the long-term effects of
trans-1,2-dichloroethene. Rats , rabbi t s , guinea pigs, and dogs
exposed to e i ther 500 or 1,000 ppm in the air for 7 hours per
day, 5 days per week for 6 months showed no changes in growth,
m o r t a l i t y , body and /or o rgan w e i g h t , h e m a t o l o g y , c l i n i c a l
chemistry, or gross or microscopic pathology. In another study
rats were exposed to air wi th 0, 200, 1,000, or 2,000 ppm (0 to
7940 mg/m3) for 8 hours per day, 5 days per week for 1, 2, 8, or
16 weeks. Exposure to 200 ppm caused degeneration of the liver
lobule and fa t accumula t ion in the K u p f f e r cells ( h e p a t i c
macrophages) . Severe histopathological changes in the lungs were
observed in the rats exposed to 200 ppm for 8 and 16 weeks.

Tht
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Carcinogenicity and Mutagenicity Studies

N o d a t a a r e a v a i l a b l e o n t h e c a r c i n o g e n i c p o t e n t i a l o f
trans-1 ,2-d ichloroe thene . The EPA has placed the chemica l in
G r o u p D , w h i c h m e a n s t h a t i t i s n o t c l a s s i f i a b l e d u e t o
inadequate animal evidence of carcinogenicity.

Tests of the m u t a g e n i c i t y of trans-1,2-dichloroethene have been
negative. It was not mutagenic in an Escherichia col i assay or a
host-mediated assay us ing Salmonella tester strains in mice. It
was also reported to have no g e n e t i c e f f e c t s in an in v i v o
mutagenicity study.

No data are ava i lab le on the reproductive or teratogenic effects
of trans-1p2-dichloroethene.

Regulatory Standards;

The ambient water q u a l i t y cr i ter ion for the protection of fresh
water life is 135 mg/L of t rans-1 ,2-dichloroethene. A M a x i m u m
Contaminan t Level Goal (MCLG) in dr inking water has been proposed
at 0.07 mg/L. A reference dose ( R f D ) of 0.01 mg/kg/day has been
establ ished based upon the US EPA's Health Advisory for l i fe t ime
exposure. A tentative acceptable intake for subchronic exposure
( A I S ) ha s been c a l c u l a t e d by ERM a t 0 . 2 7 2 mg/kg/day. This
calculat ion is based on a one-day EPA Heal th Advisory of 2 . 7 2
mg/L for a 10 kg child. Regulations for workplace exposures have
been set by OSHA and ACGIH at 200 ppm or 790 mg/m3.

Tbt
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A summary of c r i t ica l tox ic i ty va lues and regulatory standards
fo r t rans-1 ,2-d ich loroe thene a re s u m m a r i z e d in the a t t a c h e d
table.

Synonyms

Fyrol PCF flame retardant, tri(beta-chloropropyl)phosphate,
tri(1-chloromethyl ethyl)phosphate, tris(2-chloroisopropyl)-
phosphate.

References

Fyrol PCF Product Safety Information Sheet, issued April 1986,
Stauffer Chemical Co., Specialty Chemicals Division, Westport,
CN.

Flame Retardants in Kirk-Othmer Concise Encyclopedia of Chemical
Technology edi ted by M. Grayson, 1985, John Wiley & Sons, New
York, NY.

Ulsamer, A .G. , R .E . Osterberg, and J. McLaughlin, Flame Retardant
Chemicals in Texti les, 1980, Cl in ica l Toxicology, 17 ( 1 ) , pp.
101-131.

V a u g h a n - D e l l a r c o , V. , M u t a g e n i c i t y Assessment of Fyrol PCF
tris(b-chloropropyl)phosphate 1983. OHEA-R-114, O f f i c e of Hea l th
and Environmental Assessment, EPA.
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Sprague, G . L . , L .L S a n d v i k , M . J . Brook ins-Hend r icks , and A. A.
Bickf ord, Neuro tox ic i ty of Two O r g a n o p h o s p h o r u s E s t e r F l a m e
Redardan t s In Hens, 1981, Journal of Toxicology and Environmental
Health, 8, pp. 507-518.

Summary of Health Effects Data

The p r i m a r y routes of h u m a n exposure to t r i s ( 2-chloropropyl )
phosphate are skin contact arid i nha l a t i on . This chemical has a
very low acute and subchronic toxicity. It is non-mutagenic. To
date no chronic toxicology studies have been performed.

Toxicokinetics

Tris ( 2-Chloropropyl )phosphate can enter the body through sk in
contact, inhalation arid ingest ion. No i n f o r m a t i o n is ava i l ab le
on the pharmacokirietics of this compound.

Toxicology Studies

Acute

The acute oral LDso for female and male rats is 2800 mg/kg and
4200 mg/kg, respectively. No observable abnormalities were noted
at necropsy. Female rats receiving single oral doses higher than
794 mg/kg experienced convulsions, hyperact i vi ty , decreased
physical activity, sal ivat ion , stained fur, tremors and bloated
stomachs. Male rats receiving single oral doses higher than
2,000 mg/kg experienced symptoms of acute toxicity similar to
those of the female rats.
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Rats inhaling 4.6 mg/m3 of tris(2-chloropropyl)phosphate (greater
than 90% respirable) for a single 4-hour period experienced mild
lethargy, matted fur, and less than 10% decrease in body weight.
A single dermal application of 5,000 rag/kg produced only mild
skin irritation and mild diarrhea in rabbits.

Subchronic

A th ree m o n t h s s t u d y was p e r f o r m e d on male ar id f ema le rats
rece iv ing da i ly d ie ta ry concent ra t ions of t r is a t 800 , 2 , 5 0 0 ,
7 , 5 0 0 , and 2 0 , 0 0 0 ppm. An increase in relat ive and absolute
liver weight is observed in male rat at all dose levels and in
female rats receiving 7 ,500 or 2 0 , 0 0 0 ppm doses. This type of
change is not judged to be an adverse or toxic e f f e c t of tris
e x p o s u r e . Tox ic e f f e c t s were obse rved in the f e m a l e rats
receiving the highest dose arid in male rats at both the 7 , 5 0 0 and
2 0 , 0 0 0 ppm dose levels. These e f fec t s inc luded mi ld cort ical
t u b u l a r d e g e n e r a t i v e c h a n g e s i n t h e k i d n e y , a n d m i l d
histopathological changes in the liver (only in animals receiving
20,000 ppm). Very mild hypoplasia of the sternal bone marrow and
very m i l d t hy ro id fo l l i cu la r hyperplasia was observed in the
female rats receiving the highest dose of tris. Though the LDso
is higher for the male rats, they seem to be more sensitive than
the females to the toxic end points examined in this study.

In this s tudy, the NOAEL is the d ie tary concentrat ion of 2 ,500
ppm because the toxic e f fec t s observed in this study occur only
at h igher doses. To use this NOAEL in ca lcu la t ing the RfD for
humans, it must first be converted f rom a d ie tary concentra t ion
in ppm to one expressed in milligram per kilogram of body weight.
The dietary concentration is multiplied by the factor 0 .05, w h i c h
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is the f r a c t i o n of body weight that a rat eats daily. The actual
dose of 125 mg/kg/day is calculated in this manner .

A neuro tox ic i ty study performed by Sprague et al. in 1981 on 18
hens exposed to two 10 mg/kg oral doses 21 days apart de te rmined
t h a t t r i s ( 2-ch l o r o p r o p y l ) p h o s p h a t e did riot cause the acute
delayed neurotoxici ty associated w i t h s t r u c t u r a l l y s i m i l a r
compounds . Toxic e f f e c t s included one mortal i ty , severe fea ther
loss, reduction in body weight and decreased egg production.

Chronic

No chronic studies have been performed on tris (2-chloropropyl)
phosphate.

Mutagenicity and Carcinogenicity Studies

E x t e n s i v e m u t a g e n i c i t y tes t ing, sponsored by both US EPA and
S t a u f f e r C h e m i c a l C o m p a n y , h a s b e e n p e r f o r m e d o n
t r i s (2-ch loropropylJphospha te . The majori ty of these tests were
negative and indicated that tris was not behaving as a m u t a g e n i c
compound. The few posi t ive results were judged by Dr. Vaughan-
Dellarco, an EPA genet ic is t , to be nonrepeatable and not dose
responsive and may have been due to variatori within test systems
or c h e m i c a l t o x i c i t y . The c o n e l u s i o n of the m u t a g e n i c i t y
assessment conducted in 1983 by Dr. Vaughan-Del larco was tha t
tris(2-chloropropyl)phosphate is riot mutagenic. The mutagenic i ty
assessment included many tests, such as several short-term tests
using bacteria , yeast, Drosophila, m a m m a l i a n cell systems and
whole rodents (rats arid mice). The biological endpoints measured
d u r i n g t h e m u t a g e n i c i t y a s s e s s m e n t w e r e g e n e m u t a t i o n s ,
chromosomal a b e r a t i o r i s , s is ter chromat id exchanges, mi tot ic
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•a, Baking thosa raaourcaa availabla to addraaa ralaasas
rdous substancas at anothar sita or aitaa. This ia in
tnca with KPA's Suparfund anforcamant stratagy.

Prae«d«ntial Valua

Thara ara no issuas of pracadantial valua in this casa.

As discussad abova, tha proposad sattlavant would
tha Onitad Statas with 100% of total costs through
• 22, 1989 associatad with tha CartainTaad Pila. It is
' that tha Onitad Statas can obtain a substantially battar
via litigation. In addition, tha aattlaxant providas
for claanup to ba undartakan vary soon and allows funds
ould hava baan axpandad for this action to ba praaarvad for
ttars.
Inaquitiaa and Agyratina Factors

Nona.
MatuM of thm Caaa p*B.i1 fling

If tha Unitad Statas antars into tha proposad
it, no furthar claiaa will ramain (no furthar oparabla
• plannad). Bowavar, tha RpD calls for a varification -
datarmina tha sourca of aatal contamination in tha
mart Pan Crtak. Should tha study indicata that tha
:ha sourca of contamination, anothar ROD or an aaandaant
irtainTaad Pila ROD may2 ba raquirad. Tha Consant oacraa
a waivar of tha dafansas of ras judicata, collataral
and claim splitting.
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