
Toxicological Profile

Chromium

Chemical Formula Cr HSDB, 1996
Molecular Weight 51.996 g/mol , Weast, 1985 '
Vapor Pressure 1 mmHg @ 1616°C Weast, 1985
Boiling Point 2672°C Weasvl985
Melting Point 1857°C Weast, 1985
Henry's Law Constant Not applicable ATSDR, 1991
Solubility Insoluble Weast, 1985
Partition Coefficient

Not applicable ATSDR, 1991

Chromium is a naturally occurring metal The three most stable valence states of chromium are 0,
+3, and +6. The parameters listed above reflect the properties of chromium 0. Chromium is used
in plating for corrosion resistance and decorative purposes in the manufacture of appliances, tools,
and automobiles. It is also employed in the manufacture of alloys such as stainless steel and heat
resistant alloys. In addition, chromium compounds are used in printing, leather tanning, pigments,
photography, graphics, and other industrial applications (ATSDR, 1991).

i ' • . ' • . .

In the atmosphere, chromium is present primarily in paniculate form with a mass median diameter
of approximately 1 jtm (Mflford and Davidson, 1985; Ondov et al, 1989). Chromium particles with
a diameter of <20 /on may remain airborne for long periods of time and may be transported great
distances. Chromium compounds in the atmosphere are generally removed via wet or dry deposition
(ATSDR, 1991). Chromium VI in the atmosphere may be reduced to chromium in at a significant
rate in the presence of vanadium compounds, Fe2*, HSO**, or As3*. Conversely, chromium III salts
in the atmosphere may be oxidized to chromium VI in the presence of at least 1% manganese oxide
(USEPA, 1987). ./ ' ' .

Chromium in soils is not very mobile since k is generally present as insoluble oxide (USEPA, 1984).
Soluble compounds such as chromium VI and III, however, are more mobile in soil systems. The
mobility of soluble chromium compounds in soils depends on the sorption characteristics of the soil
such as clay content, Fê  content, and organic matter content. Chromium compounds that are

G-66 CHEMRlSK*-A DIVISION OF MCLAREN/HART

VR.JOI4U8



soluble or unabsorbed may teach to groundwater as soil pH increases (ATSDR, 1991). In addition,
Û  Gary (1982) reported that chromium maintains a tow mobility for translocation from roots to

ftboveground portions of plants. Generally, the fate of chromium in soils is dependent on the redox
potential and the pH in the soil The reduction of chromium VI to chromium ffi is likely to occur in
aerobic sofls with a tow pH or sufficient organic energy sources to initiate the redox reaction (Gary,
1982; USEPA, 1987; Saleh et at, 1989).

Most chromium compounds released to aquatic systems are likely to be deposited in sediments. Most
of the soluble chromium compounds in water exist as chromium VI or m, which constitute a
relatively small percentage of total chromium ki water. Chromium VI in water is ultimately reduced
to chromium m by organic matter (ATSDR, 1991). The residence time of total chromium in lakes

. has been estimated at a range of 4.6 to 18 years (Fishbein, 1981; Schmidt and Andren, 1984). Saleh
et aL (1989) estimated the oxidation half-life of chromium HI to chromium VI in lake water to be
approximately 9 years. The addition of manganese oxide reduced the oxidation half-life to about 2
years. Hie oxidation of chromium HI to chromium VI during chlorination was reported to be highest
at a pH ranging from 5.5-6.0. In addition, the reduction of chromium VI by organic sediments and
sofls is stow depending on the type and amount of organic material present and redox potential of the.

. aquatic system and is generally faster, under anaerobic conditions. The reduction half-life of
r - chromium VI in water with sediment and soil has been estimated to range from 4 to 140 days (Saleh
\ j et al, 1989). Although chromium compounds in water systems are not expected to biomagnify within^̂ ^̂ / ' - ' , . " , i . , . . - .

aquatic food chains, bioconcentration factors ranging from 1 to 192 have been estimated for
chromium VI in rainbow trout, oysters, blue mussels, and soft shell clams (Fishbein, 1981; Schmidt
and Andren. 1984; USEPA, 1980,1984).

Inhalation is the primary exposure route of concern for chromium. Evidence from animal studies and
human epidemiologic studies indicate that chromium is readily and rapidly absorbed by the lungs
(ATSDR, 1991). Epkfemiotogical studies of chromate industry workers have indicated that chronic
inhalation of high levels of chromium have been associated with an increased risk of respiratory
cancer (IARC, 1980; USEPA, 1984; IRIS, 1996). USEPA has estimated an inhalation unit risk of
1.2E-02 Mg/rn3 for chromium VI based on a study by Mancuso (1975). The unit risks reported by
Langard et aL (1980), Axelsson et al (1980), and Pokrovskaya and Shabynina (1973) are 0.13,
0.035, and 0.092, respectively.

Certain chromium VI compounds are generally believed to be responsible for the increased cancer
risk of airborne Chromium. In contrast, studies of laboratory animals exposed to chromium VI and
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chromium TO via inhalation have not demonstrated an increased cancer risk (Baetjer et aL,-1959;
Steffee and Baetjer, 1965; Nettesheim et aL, 19?1; Laskin, 1972; USEPA, 1984). Two potential
factors which may account for this are: (1) animals are less sensitive to inhaled chromium, or (2) the
carcinogenic effects of chromium occur only when humans are co-exposed to other carcinogenic
agents such cigarette smoke (ATSDR. 1991).

The USEPA has classified chromium VI as-a Group A carcinogen, human carcinogen, based on the
results of occupational epidemiotogic studies of chromium-exposed workers. Although chromium-
exposed workers are exposed to both chromium in and chromium VI compounds, only hexavalent
chromium has been determined to be carcinogenic in animals and is, therefore, the only chromium
compound to be classified as a human carcinogen (IRIS, 1996). Additionally, chromium VI is
classified as a carcinogen based only on inhalation exposures. - .

The USEPA has not established an oral cancer slope factor for chromium VL The Agency has
developed an inhalation unit risk of 0.012 ̂g/m3 based on the results of epidemiotogical investigations
(Pokrovskaya and Shabynina. 1973; Mancuso, 1975; Axelsson et aL, 1980; Langard et aL, 1980).
For the purpose of this evaluation, the unit risk value is converted to an inhalation slope factor of 42
(rog/kg-day)'1 (USEPA, 1995). The results of these studies are consistent across investigators and
study populations and dose-response relationships have been established for chromium exposure and
lung cancer. ,

The USEPA has also established a chronic oral RfD value of 0.005 mg/kg-day for chromium VI
based on observations of rats administered drinking water containing up to 25 ppm hexavalent
chromium. No adverse effects were observed in tower treatment levels, although rats receiving 25
ppm chromium VI were reported to have an approximate 20% reduction in water consumption and
increased tissue concentration (IRK, 1996; MacKenzieetaL, 1958). The USEPA has also published
an oral RfD value of 1.0 mg/kg-day for chromium m based on a chronic feeding study in rats.
Ivankovic and Preussman (1975) reported no adverse effects to male and female rats fed chromic
oxide in the diet for 840 days corresponding to an average total dose of 1800 g/fcg (IRIS, 1996). For
the purposes of this assessment, however, the oral RfD value for chromium VI is used as the
inhalation RfD value.

i 'i '-• • '
The Agency has not published an inhalation RfD for chromium VI. For the purposes of this
assessment, a provisional RfD value of 5.7 x 10*7 is used as the inhalation RfD value.
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Toxicological Profile „

Cyanide ,

Chemical Formula HCN ATSDR. 1991' i
Molecular Weight 27.03 g/raol Weast, 1985
Vapor Pressure 264.3 mmHg @ 0°C Jenks, 1979
Boiling Point 25.7°C Jenks, 1979
Melting Point -13.24°C Jenks, 1979
Henry's Law Constant 5.1x10* atm-mVmol Yob etaL, 1986
Solubility Miscible Weast, 1985
Partition Coefficient

No data

.-

Cyanide is commonly used in certain rat and pest poisons, silver and metal polishes, electroplating
processes, photographic solutions, and fumigating products (ATSDR, 1991). Hydrogen cyanide is
typically used in the production of adiponitrile, methyl methacrylate, sodium cyanide, cyanuric
chloride, and chelating agents. Miscellaneous applications of hydrogen cyanide includes the
manufacture of ferrocyanides, acrylates, lactic acid, pharmaceuticals, and specialty chemicals (Jenks, \J
1979; Worthing. 1987). Cyanide salts are often associated with electroplating and metal treatment,
road salts, gold and silver extraction from ores, chelating agents, and dyes and pigments (Sax and
Lewis, 1987; Towfll etaL, 1978; Worthing, 1987).

The primary environmental fate process of hydrogen cyanide is volatilization. It enters the
atmosphere via industrial emissions and. volatilization from soil and water. Once in the atmosphere,
hydrogen cyanide has a relatively stow degradation rate. The estimated residence time at different
tropospheric altitudes varies between 0.5 and 14 years. Due to the rapid volatilization and stow
degradation rate, the atmosphere acts as a sink for hydrogen cyanide. Metal cyanides may be
removed via wet and dry deposition (ATSDR, 1991).

The environmental fate of cyanide in water varies among cyanide compounds. Free cyanide is defined
as the sum of all cyanide present as HCN and CN- (USEPA, 1984). The most common form of
cyanide in water is hydrogen cyanide, although it may also occur .as the cyanide ton, alkali metal
cyanides, or a variety of metaQocyanide complexes (CaUahan et aL, 1979). The volatilization rate of
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cyanide in water is a significant fate process and is pH-dependent, with a faster rate of volatilization
occurring at a lower pH (Ludzack et aL, 1951). Biodegradation is also a significant fete process for
cyanide in natural water systems. Depending on the conditions, cyanide may be converted to nitrate
or produce nitrogen (Richards and Shieh, 1989). Ludzack etaL (1951) reported a range of <10 to
24 days for biodegradation half-fives for qyariide in two natural river waters. Adsorption of cyanide
in water systems, however, is a much less significant fate process than volatilization or
.biodegradation. Generally, the extent of adsorption increases with decreasing pH and increases with
increasing iron oxide, clay, and organic content (Callahan etaL, 1979). ,
f ' : ' .' ' ' • i i • ' • • •

' The fate processes of cyanide in soils is similar to the mechanisms which affect cyanide in aquatic
systems. The transformation and degradation of cyanide in soils is largely pH-dependent, may
produce nitrate or nitrogen, and is generally present in the same variety of cyanide complexes as those
found in aquatic systems. In soil, cyanide ions are not influenced by oxidation-reduction reactions

+
but may be involved in complexation reactions with metal ions (Towill et aL, 1978). Cyanide has a
low soil sorption capability and is generally not detected in groundwater due to fixation by trace
metals through complexation or transformation by soil microorganisms (Callahan et aL, 1979; Towffl
etaL, 1978). Volatilization of hydrogen cyanide, however, is a significant loss mechanism for
cyanides from soil surfaces at a pH of 9.2 or greater (Callahan etal, 1979).
. - . . ' , • . " . • . • / t . ' • ' ' • • .
Cyanide is readily absorbed from all routes of exposure, including the skin. Death may occur with
the ingestion of even small amounts of sodium or potassium cyanide, and can occur within minutes
or hours, depending on the route of exposure. Death is caused by respiratory arrest of the central
region (ATSDR, 1991). Inhalation of toxic fumes represents a potentially rapid fatal type of
exposure. Hydrogen cyanide is the chemical agent used in gas chamber executions. Generally, an
average fatal hydrogen cyanide concentration for humans is estimated at 546 ppm for an exposure• . i • . , i 'i .
period of ten minutes (ATSDR, 1991). A blood cyanide level of greater than 0.2 ̂ g/mL is
considered toxic (Sax, 1989).

Cyanide intoxication is characterized by respiratory rate alterations, dyspnea, and cardiovascular
effects (ATSDR, 1991). Electroplates and others chronically exposed to cyanide solutions may
develop a cyanide rash, characterized by itching and macular, papular, and vesicular eruptions.
Frequently, secondary infections develop. Chronic exposures can also cause loss of appetite,
headaches, weakness, nausea, dizziness, and symptoms of irritation in the upper respiratory tract and
eyes (Sax, 1989).
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Additionally, there are no available data which indicates that cyanide may have developmental or
reproductive effects in humans (ATSDR, 1991; USEPA,1984).

.'•-., • - • ' - . ' , , ' ' \ , • -

The USEPA has classified cyanide as a Group D carcinogen, not classifiable as a human carcinogen,
based on the lack of evidence from human and animal data (IRIS, 1996). In addition, the USEPA
has not proposed an oral or inhalation cancer slope factor for cyanide.

1 • " *
The USEPA has established an oral RfDrvalue of 0.02 mg/kg-ô y based on the results of rat bioassays
(IRIS, 1996). Howard and Hanzel (1955) observed no treatment related effects to rats administered
73 and 183 mg/kg cyanide for 2 years in the diet Philbrick et aL (1979), however, reported
decreased weight gain, decreased thyroxin levels, and myeHn degeneration in rats receiving 30 mg/kg-
day. The Agency has not published an inhalation RfD value for cyanide:
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Toxlcity Profile _

Dieldrin
1 • • , "

Chemical Formula Ĉ Ĥ O ATSDR, 1991
Molecular Weight 308V.93 HSDB, 1995.
Vapor Pressure 1.4X1O4 mmHg @ 25°C HSDB, 1995
Boiling Point 33Q°C ChemFate, 1985
Melting Point 175-176°C HSDB, 1995
Henry's Law Constant 1.51x10* atmra3/mol ChemFate, 1985
Solubility 0.18mg/L HSDB, 1995
Partition Coefficients

togK., 4.55 ChemFate, 1985
3.87 HSDB, 1995

Dieldrin was once used extensively for the control Of pests in the corn and citrus industries. It has
also been utilized in timber preservation and as a termite control for plastic and rubber coatings of
electrical and communications cables and for plywood and other boards (Worthing and Walker.
1983). The use of dieldrin as a pesticide has significantly decreased, however, due to the availability
of more practical alternatives and the increased resistance of insects to the chemical (USEPA, 1980).
The uses of dieldrin were cancelled voluntarily or by USEPA by 1989 (USEPA, 1990).

Dieldrin is persistent in the environment due to its resistance to transformation and degradation
processes (ATSDR, 1991). In the atmosphere, dieldrin may be transported great distances and is
generally removed via wet or dry deposition (Baldwin etaL, 1977). Bidleman etaL (1990) calculated
the estimated lifetime of dieldrin in the atmosphere to be 1 day in the preserice of hydroxyl radicals.

The primary removal process of dieldrin in soils is volatilization (Elgar, 1975). This process is stow,
however, due to the tow vapor pressure of dieldrin (ATSDR, 1991). It absorbs strongly to soil
particulates,and moves stowly through soils indicating that it is unlikely to contaminate groundwater
(ATSDR, 1991). For instance. Jury et aL (1987) calculated the transport of dieldrin in soils to a
depth of 3 meters to be approximately 270 years. In addition, the estimated half life of dieldrin in
soils has been determined to be 868 days (Jury et aL, 1987).
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In water, dieldrin maintains a high bioaccumulation potential based on its tog K̂ , walue.
'/ , Bioconcentration factors for dieldrin in fish and snails have been measured at 2,700 and 61,657,
V.X respectivery (Metcalf et aL, 1973). Furthermore, a biomagnificatiori factor of 1.0 has been estimated
, for dieldnn in rainbow trout on a lipid weight basis (Connefl, 1989), In addition, MacKay and

Leinpnen (1975) estimated an evaporation half-life of 723 days for dieldrin in a water column at a
depth of 1 meter. ,

Convulsion and other central nervous symptoms are the principal toxic effects observed in
occupational studies of workers exposed in the application or manufacture of dieldrin. Conclusive
studies of the effects of dieldrin in humans, however, are limited (ATSDR, J991). Conversely, oral
LDW values ranging from 37 to 46 mg/kg-day have been determined for adult rats administered
dieldrin (Gaines, 1960; Lu et aL, 1965). LDM values of 168 and 25 mg/kg-day have also been
calculated for newborn and 2-week old rats, respectively (Lu et aL, 1965). Decreased survival has
also been observed in rats administered doses ranging from 0.5 to 2.5 mg/kg-day for two years
(Deichmannetat, 1970; Fitzhugh et aL, 1964; Harr etaL, 1970; Reuber, 1980). Likewise, decreased
survival was also reported for dogs exposed to dieldrin at 0.5 mg/kg-day for 25 months (Fitzhugh
et aL, 1964). Studies have also indicated similar effects in mice exposed to 1.3 mg/kg-day (Thorpe
and Walker, 1973; Walker et aL, 1972).

. ' • ' • . ' ' ' ' . ' ' • ' . ' • • ' ' - ' • • . ' '
A number of chronic oral exposure studies have produced a variety of hepatic effects in rats. Several
studies report increases in liver weights, cytoplasmic vacuoles, and smooth endoplasmic reticulum
(Wright et aL, 1972; Deichmann et aL, 1967,1970; Fitzhugh et aL, 1964). An increased incidence
of hepatocellular carcinomas has also been reported for mice administered 0.65 mg/kg-day for 80
weeks (NCI, 1978).

The USEPA has classified dieldrin as a Group B2 carcinogen, probable human carcinogen, based on
inadequate data in humans and sufficient data in animals (IRIS, 1996). The Agency has established
an oral cancer slope factor of 16.0 (mg/kg-day)'1 based on fiver carcinomas observed in mice exposed
to dieldrin in their diets. This value represents the geometric mean of 13 slope factors calculated from
data given ki 7 studies (IRIS, 1996). The USEPA has also published an inhalation cancer slope factor
of 16 (mg/kg-day)"1 based on the same evidence used to derive the oral cancer slope factor (USEPA,
1995). Additionally, the Agency has derived an inhalation unit risk of 0.0046 ̂g/m3 for dieldrin
(IRIS, 1996).
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In addition, the USEPA has established a chronic oral RfD value of 0.00005 mg/kg-day for dieldrin
based on a 2-year rat feeding study in which animals were administered dietary concentrations of 0,
0.1,1.0, or 10 ppm (IRIS, 1996). Ranales fed 1 and 10 ppm dfeldrin were reported to have increased
Hver weights and liver-to-body weight ratios (Walker et aL, 1969). The concentration of 0.1 ppm
was identified as a NOAEL and converted to a dose estimate of 0.005 mg/kg-day. An uncertainty
factor of 100 was applied to the NOAEL to account for interspecies extrapolation and interindividual
variability. The Agency has not determined an inhalation RfD value for dieldrin (IRIS, 1996).
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Toxicity Profile

V.X Heptachlor Epoxide

Chemical Formula CiJklfljQ ATSDR, 1991
Molecular ̂Veight 389.40 HSDB, 1995
Vapor Pressure • 2.6x10- mmHg @ 25°C OHM/TADS. 1985
Boiling Point , No data ATSDR, 1991
Melting Point . 160-161*C HSDB, 1995
Henry's Law Constant 3.2x10-5 atm ra3/mol USEPA, 1987
Solubility 0.275 mg/L USEPA, 1987
Partition Coefficients

5.40 Mackay,1982
. 3.34-4.37 Lyman etaL, 1982

Heptachlor and heptachlor epoxide are no longer commercially produced in the United States.
Historically, heptachlor was manufactured as an insecticide for the treatment of agricultural products
such as corn, grains, and sorghum (ATSDR, 1991). It has also been used as a nonagricultural
insecticide for the control of termites and household insects (Worthing and Walker, 1987).
Heptachlor is currently used only for the control of fire ants in power transformers (ATSDR, 1991).

In the atmosphere, heptachlor epoxide is subject to long-range transport and removal via wet
deposition (ATSDR, 1991). It undergoes direct photolysis in sunlight, and may be converted to
intermediate and final photoproducts (Graham et aL, 1973). The atmospheric half-life of heptachlor
epoxide in the presence of hydroxyl radicals has been estimated at about 1.5 days (HSDB, 1995).

' " ( ' ' . ; . / . .

Based on its low log K̂  value, heptachlor epoxide is not mobile in sofls and has a low potential to
leach to groundwater. It is even less likely to leach in soils with high organic matter content
(ATSDR, 1991). On the soil surface, heptachtorepox̂
fter month during the summer season (HSDB, 1995).

In water, heptachlor epoxide adsorbs strongly to bottom and suspended sediments (ATSDR, 1991).
Based on k Henry's law constant, heptachlor epoxide is likely to partition slowly to the atmosphere
from surface water (Lyman et aL, 1982). The tog K̂  for heptachlor epoxide suggests a high
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potential for btoconcentratiott within the aquatic food chain (ATSDR, 1991). Estimated
bioconcentration factors for heptachlor epoxide in mussels, oysters, and Asiatic clams are 1,698, 851.
and 2,330, respectively (Hawker and Cornell, 1986; Hartley and Johnston, 1983; Geyer et al, 1982).
Likewise, biomagnification of heptachlor epoxide within both aquatic and terrestrial food chains is
significant based on its lipophilicity (ATSDR, 1991). A half-life of at least 4 years has been estimated
for heptachlor epoxide in river systems (Eichelberger and Lichtenberg, 1971).

A study conducted by Davis (1965) in which 200 mice were administered 0 and 10 ppm heptachtor
epoxide for 2 years resulted in a 2-fold increase of benign liver lesions over the control group. In a
similar study, a test group of 200 mice received a 75:25 mixture of heptachlor epoxide:heptachk>r at
0, 1, 5, and 10 ppm for 18 months. Results of this study indicate hyperplasia and an increase in
hepatic carcinomas within the 5 and 10 ppm dose groups (Velsicol Chemical Co., 1973).
Additionally, Witherup et aL (1959) reported a significant increase in hepatic carcinomas in a study
of rats administered 5 and 10 ppm heptachlor epoxide for 108 weeks.

Acute oral LD̂ s for rats, mice, and rabbits administered heptachlor epoxide range from 39 to 144
mg/kg (Podowski et aL, 1979; Eisler, 1968). Buck et aL (1959) reported lethality within 3 days to
six calves receiving 5,10,15, or 25 mg/kg heptachtor epoxide. An increase in liver-to-body weight
was reported in beagle dogs fed diets of 0.013 to 0.19 mg/kg/day for 60 weeks. The increase,
however, was not accompanied by histotogical changes (University of Cincinnati, 1958).

The USEPA has classified heptachtor epoxide as a Group B2 carcinogen, probable human carcinogen;
based on inadequate carcinogenic data in humans and sufficient carcinogenic evidence in animals.
The Agency has established an oral cancer slope factor of 9.1 (mg/kg-day)'1 for heptachtor epoxide
based on the results of long-term carcinogenesis bioassays conducted by Davis (1965) and Witherup
el aL (1955). This value is based on the numbers of observed liver carcinomas in the exposed group
of two strains of mice of both sexes and in female rats (IRIS, 1996). The USEPA has also established
an inhalation cancer slope factor for this compound of 9.1 (mg/kg-day)'1.

The USEPA has established an oral RfD value of 0.000013 mg/kg-day for heptachtor epoxide (IRIS,
1996). This value is based on the University of Cincinnati (1958) study which reported increased
liver-to-body weight ratios in beagles administered 0.013 to 0.19 mg/kg/day for 60 weeks. The
Agency has not derived an inhalation RfD value for heptachtor epoxide (IRIS, 1996). For the
purposes of this assessment, the oral RfD value is used'as the inhalation RfD value. .
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Toxicity Profile

Manganese

Chemical Formula Mn ATSDR, 1990
Molecular Weight 54.94 Sax and Lewis, 1987
Vapor Pressure .1 mmHg @ 1,292°C USEPA, 1984
Boflirig Point 1,962°C Weast, 1985
Melting Point 1,244°C Weast, 1985
Henry's Law Constant No data ATSDR, 1990
Solubility Decomposes Sax and Lewis, 1987
Partition Coefficients

Nodata ATSDR, 1990
Nodata ATSDR, 1990

Manganese, which comprises about 0. 1 % of the earth's crust, is a common component of numerous
minerals (ATSDR, 1990). Most manganese in the U.S. is used to produce ferromanganese, which
is subsequently used in steel production (ATSDR, 1990). Other manganese compounds are used in
the production of batteries, porcelain, and fireworks, as catalysts, in glazes and varnishes, as a
fungicide, and as a nutritional supplement (ATSDR, 1990).

• . \ . ' . - " ' '
Manganese may be released to the atmosphere as industrial emissions (especially from iron and steel
foundries) or with the combustion of fossil fuels (ATSDR, 1990). Natural sources of airborne
manganese include erosion of soils and volcanic eruptions. Releases of manganese to water may
result from industrial facilities or as leachate from soils and landfills. Soils may contain naturally
occurring manganese or may contain elevated levels associated with waste disposal (ATSDR, 1990).

. ' / '
Manganese exists primarily adsorbed to particulates in the atmosphere; removal is largely by dry
deposition, with lesser removal by rain washout (ATSDR, 1990). In water, manganese transport and
partitioning depends upon the solubility of the compound containing manganese, as well as pH and
redox potential In soils and sediments, manganese partitioning is likewise dependent upon cation
exchange capacity and organic composition (ATSDR, 1990). Significant bioconcentration of
manganese by tower aquatic organisms is possible; however there is some evidence that
biomagnification in the food chain is unlikely (ATSDR. 1990).
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The primary target for manganese toxicity by all exposure routes in humans appears to be the central
nervous system. Humans with very high, occupational inhalation exposures have developed a
neurotogicalsyntoineresem̂
cases of high oral exposure (ATSDR, 1990).

The USEPAhas classified manganese in Group D. not classifî le as to hunian carcmogenidty, based
on inadequate human and animal carcinogenicity data (IRIS. 1996). The Agency has not derived an
oral or inhalation cancer slope factor for manganese.

Because the oral bioavaflability of manganese varies depending on the medium of exposure, the
USEPA has derived two separate chronic oral RfDs for manganese, one for use in dietary exposures
and one for use in drinking water exposures. The chronic oral RfD for dietary exposure to
manganese is based on three studies of human consumption of manganese in the diet or as a dietary
supplement. In these studies, a NOAEL of 0.14 mg/kg-day for dietary exposures was identified.
Uncertainty and modifying factors of 1 each were applied to the NOAEL to derive the oral RfD of
0.14 mg/kg-day (IRIS, 1996). Additionally, an oral RfDt for manganese ingested via water has been
estimated to be 0.023 mg/kg-day (IRIS, 1997). The Agency has not, however, developed an
inhalation RfD value for manganese. In lieu of verified values, a provisional inhalation RfD value of
0.0000143 mg/kg-day was applied in this assessment. This value was obtained from the USEPX
Region in (1996) guidance document for RCRA sites and is regarded as a provisional value.

• ' . . " ' '"' • - , ' • < • ' • I • ' .- "
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Toxicologies! Profile

Metfaylene Chloride

Chemical Formula . , CH£k Sax and Lewis, 1987
Molecular Weight 84.94 g/mol Verschueren, 1983
Vapor Pressure 349 mmHg @ 20°C ' Verschueren, 1983
BoilingPoint , 312.9°K Howard, 1991
Melting Point -95.1°C Weast, 1985
Henry's Law Constant 2.68xlO"3 atm-mVmol Howard, 1991
Solubffity 16,700 mg/L @ 25°C Verschueren, 1983
Liquid Diffusion Coefficients l̂ xlÔ craVsec Lyman et aL, 1990
Gaseous Diffusion Coefficients l.llxHX'cmVsec Lyman et aL, 1990
Partition Coefficient . > \

K« 47.9 Howard, 1991

Methyiene chloride is widely used in industrial solvents, as well as in a number of other products.
One-fourth of the methylene chloride produced in theUnited States is iised as a solvent in paint

i i strippers and removers. To a lesser extent, it is employed as a propellent in aerosols, such as spray
paints, automotive products, and insect sprays, and as a process solvent in the manufacture of drugs,
pharmaceuticals, and film coatings. It is also used as a blowing agent in urethane foam and in the
manufacture of etectronics (NTP, 1989). Additionally, the use of methylene chloride may be involved
in food processing (ATSDR, 1991).

Because it is a readily volatile liquid, methylene chloride volatilizes to the atmosphere from water and
soil (ATSDR, 19&1). In the atmosphere, it is fikery to react with photochemically generated hydroxyl
radicals with typical reaction rates ranging from 1.0 x. 10'l3to 1.0 x 10"15 cmVmol-sec (Cox et aL,
1976; Davis et aL, 1976; Crutzen and Rshman, 1977; Cuppkt, 1980,1987; Atkinson et aL, 1985).
An average atmospheric half-life for methylene chloride has been estimated at about 130 days (Cox
et aL, 1976; Davis et aL. 1976; Ahshuller, 1980; Cuppitt. 1987).

Methylene chloride does not strongly sorb to soils or sediments and, based on its tow K̂  value, is
likely to be very mobile and ultimately leach from soils into groundwater (Dilling et aL, 1975; Roy
and Griffin, 1985; Bahnick and Doucette, 1988;Dobbs etaL, 1989). Volatilization is likely to be the
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primary fate process for methylene chloride in soils, while biodegradation by soil organisms and
leaching to groundwater probably occur more extensively within subsurface soil systems (Sawhney
etaL, 1989).

The rate of hydrolysis of methylene chloride in water varies with changes in temperature and pH
(ATSDR, 1991). Dilling et aL (1975) calculated an estimated hydrolytic half-life of approximately
18 months for methylene chloride in aquatic systems at 25°C. In acidic solutions at 80-150°C,
however* the half-life is reduced to about 14 days (ATSDR, 1991). Additionally, biodegradation may
be a significant fate process for methylene chloride in water systems (Brunner et aL, 1980; Davis et
aL, 1981; Tabak etaL, 1981; Stover and Kincannon, 1983; USEPA, 1985). Based on an estimated
bioconcentration factor of 2.3, methylene chloride is unlikely to significantly biomagnify within
aquatic food chains (EPA, 1980; ATSDR* 1991).

Inhalation is the primary route of human exposure to methylene chloride. In some cases, acute
exposure has resulted in death (Stewart and Hake, 1976; Bbnventre et aL, 1977; Hall and Rumack,
1990). At chronic exposures of 30-120 ppm, humans occupationally exposed to methylene chloride
did not experience an increased risk of mortality (Friedlander et aL, 1978). However, studies have
shown that exposure to 3,500 ppm for 14 to 104 weeks increased the risk of mortality in some
animals (MacEwen et aL, 1972; Burek et aL, 1984). By contrast, oral exposure has not been
observed to cause human mortality. Laboratory studies, however, have shown that methylene
chloride can be toxic to animals (ATSDR, 1991; IRIS, 1996). Studies of acute oral exposures have
reported mortality in rats dosed with greater than 2,100 mg/kg methylene chloride (Kimura et aL,
1971; Ugazto etaL, 1973). '•

Neurotogical complications, such as decreased auditory and visual functions, have been observed in
humans following a single exposure of 300 ppm of methylene chloride (Fodor and Winneke, 1971;
Stewart et aL, 1972; Winneke, 1974). Psychoraotor performance was impaired in subjects exposed
to concentrations of 800 ppm for a duration of four hours (Winneke, 1974). Exposure to levels
ranging from 515-986 ppm for 1-2 hours has resulted in alterations in visual evoked response
(Stewart et aL, 1972). Studies of individuals occupationally exposed to 75 to 100 ppm reported no
signs of neurological or behavioral impairment (Cherry et aL, 1981). A minimal risk level for acute
inhalation exposure &14 days) of 0.4 ppm has been proposed for methylene chloride (ATSDR.
1991).
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Methylene chloride does not appear to significantly affect reproduction or development in laboratory
animals. In a study conducted by Schwetz et aL (1975), mice and rats exposed to 1,250 ppm
n«;thylene chtoride vaptt^
changes and reduced fetal weight occurred in rat pups following the exposure of the dams to 4,500
ppm. The significance of these findings is questionabfe, however, since observed effect levels
occurred at maternally toxic levels (ATSDR, 1991). Animal tests for reproductive toxicity were
negative. Rats exposed to concentrations of 1,500 ppm for two generations did not experience
changes in fertility or littersize (Nitschke et aL, 1988), and male rats exposed to 200 ppm for 6 weeks
failed to develop microscopic lesions in the testes (Raje et aL, 1988). <

In addition, acute exposure (6"hours to 7 days) of guinea pigs to 5,200 ppm methylene chloride
resulted bbtochemical changes in the fiver (Morris et aL, 1979). At levels of 75-100 ppm, a 110-day
Continuous exposure caused fatty changes in the liver of mice and rats (Weinstein and Diamond,
1972; Haun et aL, 1972; Kjellstrand et aL, 1986). One 2-year study reported that rats experienced
an increased incidence of fatty changes at 500 ppm, but not at 200 ppm (Nitschke et aL, 1988).
Similarly, fagestion of methylene Chloride has been associated with fatty changes at 55 mg/kg-day in
rats and at 175 mg/kg-day in mice. Neither mice nor rats showed adverse effects at dose levels of
6 mg/kg-day (Scrota et aL, 1986a;b).

1 '. ' • • ' , - - ' ' • ' -
4 j ATSDR (1991) reports that methylene chloride may be a weak mutagen in mammaKan systems.

While epidemtotogical studies have not linked human exposure to methylene chtoride to increased
incidence of cancer, animal studies have provided sufficient evidence of carcinogenicity (ATSDR,
1991). In both male and female rats, mammary gland tumors increased when animals were exposed
to 500 ppm (Burek et aL, 1984; Nitschke et aL, 1988; NTP, 1989). Inhalation of 2,000 ppm caused
an increased incidence in alveolar and bronchiolar neoplasms in mice (NTP, 1986), and oral
administration of 50-250 mg/kg-day of methylene chloride in drinking water resulted in an increased
incidence of fiver tumors in male mice and female rats (Scrota et aL, 1986a;b).

i . • • . . . . - . ' - ' ' " . . , • '
, • The USEPA has classified methylene chloride as a Group B2 carcinogen, a probable human

carcinogen based on inadequate human data and sufficient evidence of carcinogenicity in animals
This classification is based on various animal studies which indicate an increased incidence of
hepatoceHular neoplasms and alveolar/bronchiolar neoplasms in mice, and an increased, incidence of
benign mammary tumors, salivary gland sarcomas, and leukemia in rats (IRIS, 1996).
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The USEPA has established an oral cancer slope factor of 0.0075 (mg/kg-day)*1 for methylene
chtoride based on the results of a number of studies which reported adverse hepatic effects in
laboratory animals exposed to methylene chtoride (IRIS, 1996). The National Coffee Association
(NCA, 1982) conducted a 2-year study of rats dosed at levels of 5,50,125, and 250 mg/kg-day.
Effects such as histopathotogical changes in the fiver were seen at the nominal dose of 50 mg/kg-day.
The Agency has also published an inhalation unit risk of 4.7 x 10*7 ̂g/m3 based on the presence of
hepatoceflular adenomas or carcinomas in female mice exposed to methylene chtoride via inhalation
(IRIS, 1996). In the absence of an inhalation cancer slope factor, a provisional inhalation value of
0.00164 (mg/kg-day)*1 was applied in this assessment This value was obtained from the USEPA
Region in (1996) guidance document for RCRA sites and is regarded as a provisional value.

The USEPA has also determined a chronic oral RfD value of 0.06 mg/kg-day based on the tow
nominal dose for histotogical alterations in the fiver of rats exposed to methylene chtoride via drinking
water (NCA, 1982). The tow nominal dose of 5 mg/kg-day acts as the NOAEL (IRIS, 1996). The
Agency has published an inhalation RfC of 3.0 mg/kg-day based on fiver toxicity in rats following a
2-year intermittent inhalation study (USEPA, 1995). For the purposes of this assessment, a
provisional inhalation RfD value of 0.857 mg/kg-day was applied. This value was also obtained from
the USEPA Region in (1996) guidance document for RCRA sites and is regarded as provisionaL
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Toxicity Profile

r :'
V J Polychlorinated Biphenyls (PCBs)™i~rf̂ . ' > •. .

Polychlorinated biphenyls (PCBs) are ft class of compounds comprised of 209 individual congeners.
, Each chlorinated biphenyl molecule contains from one to ten chlorine atoms. Commercially used

PCBs are mixtures of individual polychlorinated biphenyl congeners that contain specified percentages
of chlorine; for example, Aroclor 1260 contains 60% chlorine by weight. Commercial PCBs were
manufactured in the United States by Monsanto Chemical Company and sold under the industrial
trade name, Aroclor® (ATSDR, 1993). Analytical methods for environmental samples of PCBs are
available for quantification of total PCBs, Aroclor mixtures, and PCB congeners (ATSDR, 1993).• ; - • ' , , . . . ' , • • ' v / . - , , . • • ; > . • • • • - ' \ •
In general PCBs have low water solubility, high solubility in organic solvents, and are known for
their insulating properties, thermal stability and resistance to oxidation and various chemical agents.
Additional chemical and physical properties for several Aroclors are listed in Table G-l. PCBs do
not occur naturally in the environment. Until their ban in July 1979, PCBs were largely used in
electrical capacitors and transformers. Additionally, PCBs were used as electrical insulators,
lubricants, hydraulic fluids, diffusion pump oils, cutting oils, plasticizers, liquid seals, and paint

i j additives (ATSDR, 1993). ,

The environmental fate and transport of PCBs involves absorption to paniculate and organic matter,
volatilization, biodegradation, and photolysis. The low solubility, strong sorption to soils/sediments,
and hydrophobicity of PCBs Cause them to be extremely persistent and virtually immobile in sofls
(ATSDR, 1993). Several studies indicate that both aerobic and anaerobic biodegradation are
significant removal mechanisms for lower chlorinated PCBs (Bedard et aL, 1987; Kohter et aL, 1988;
Hill et aL, 1989). Higher chlorinated Aroclors tend to resist aerobic biodegradation but are
susceptible to anaerobic dechlorination (Brown et aL, 1987; Abramowicz and Brennan, 1991).
Reported half-fives in soil for PCBs range from 2 months for lower chlorinated congeners to 2 to 6
years for higher chlorinated congeners (Eduljee, 1987; McClure, 1976; Iwata et aL, 1973). PCBs in
the atmosphere tend to exist primarily in the vapor phase (ATSDR, 1993). However, the tendency
of PCBs to adsorb to airborne particulates increases as the degree of chlorination increases (ATSDR,
1993). PCBs in the atmosphere are physically removed by both wet and dry deposition (Eisenreich
et aL, 1981). Vapor-phase reaction of PCBs with hydroxyl radicals is the dominant transformation

, process in the atmosphere (Atkinson, 1987).
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A subgroup of PCB congeners, known as "coplanar PCBs", are considered chemically and
lexicologically similar to 23,7,8-tetrachlorodibenzo-p-dioxin (TCDD) (Safe, 1990). These "dioxin-
hToe" congeners are so named because the pattern of chlorine substitution of the molecule allows the
biphenyl rings to rotate in the same plane. The coplanar PCBs consist of a group of twelve congeners
which have 4 or more chlorine atoms with no more than one substitution in the ortho- positions
(USEPA, 1994). Due to their similarity to 23,7,8-substituted dioxins and furans. the coplanar PCBs
are sometimes evaluated separately for risk assessment purposes. '

Rats exposed to PCBs via oral exposure for acute durations have been reported to result in
hepatotoxicity (Carter, 1984, 1985; Carter and Koo, 1984; Kato and Yoshida, 1980; Kling et aL,
1978; Price et aL, 1988). Intermediate-duration studies with several species indicate that liver,
kidneys, and skin are the primary toxicity targets (Alien, 1975; Bleavins et aL, 1980; Byrne et aL,
1987; Kimbrough et aL, 1972; Treon et aL, 1956; tryphonas et aL, 1986a; Vos and Beems, 1971;
Vos and Notenboom-Ram, 1972). Available chronic investigations with animals exposed to PCBs
via inhalation or dermal exposures are inconclusive. Results from oral exposure studies, however,
resembk intermediate-duration exposures (ATSDR, 1993).

Among humans, epidemiological studies of occupational exposures to PCBs show a variety of
impacts including chromosomal aberrations, developmental effects, immunological effects, and
neurotoxicity (Fein et aL, 1984b; Hschbein et aL, 1979; Humphrey, 1983; Kalina et aL, 1991; Rogan
et aL, 1986; Taylor et aL, 1984; tryphonas et aL, 1991a, 1991b).

Several laboratory studies have shown PCB mixtures containing an average of 60% chlorine
substitution to be carcinogenic in rats (Kimbrough et aL, 1975; Schaefler et aL, 1984; Norback and
Weltman, 1985). In its weights-evidence determination of PCB carcinogenicity, the USEPA (1995)
categorizes all PCB mixtures in Group B2 (probable human carcinogen) based on sufficient evidence
of carcinogenicity in rodents, ta its evaluation of the carcinogenic potency of PCB mixtures, USEPA
(1988) considered the results of three positive rat studies (Kimbrough et aL, 1975; Schaeffer et aL,
1984; Norback and Weltman, 1985). Based on the female rat bioassay of Norback and Weltman
(1985), the USEPA devetoped an oral ca«» slope fiictor of 7 J 1988). This
slope factor is based on the combined incidence of hepatoceHular neoplastic nodules, trabecular
carcinomas, and adenocarcinomas reported for female rats; scaling from rats to humans based on
body weight raised to the 2/3s power; and adjusting the dose by the ratio of the exposure duration
to the animals* expected lifespan. An inhalation cancer slope factor has not been established for
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PCBs. For the purposes of this assessment, however, the oral value is used as the inhalation cancer
r slope factor.

The rat fiver slides from these studies have recently been reevaluated by a Pathology Working Group
(PWG) of independent expert pathobgists, utilizing the current National Toxicology Program (NTF)

' guidelines for histopathological examination and diagnosis of proliferative rat liver lesions (IEHR,
1991; Moore etaL, 1994). This reevaluation confirmed the findings of the original studies that PCB
mixtures with 60% chlorination are carcinogenic in rats, but showed somewhat tower incidences of
tumors than originally reported. The results of this reevaluation have been reported (IEHR, 1991;
Moore et aL, 1994) and submitted to the USEPA for review (Moore. 1991).

The USEPA has classified Aroclor 1248 and Aroclor 1254 as Group B2 carcinogens, probable human
carcinogens, based on insufficient data in humans and adequate carcinogenic data in animals. To
date, the USEPA has published RfDs for Aroclor 1016 and Aroclor 1254 (IRIS, 1996). In this
assessment, the more conservative oral RfD for Aroclor 1254 was used to evaluate noncarcinogenk
effects of Aroclor mixtures (IRIS, 1996), The RfD for Aroclor 1254 is based on dermal/ocular and
immunologic effects in rhesus monkeys (Tryphonas et aL, 1989; 1991a,b; Arnold et aL, 1993a,b).
For the purposes of developing the Aroclor 1254 RfD, USEPA (IRIS, 1996) identified a LOAEL of
0.005 mg/kg-day, and applied a total uncertainty factor of 300 to derive the RfD of 0.00002 mg/kg-
day (20 ng/kg-day). The uncertainty factor applied included factors of 3 each for interspecies• , • ' . • '> ,
extrapolation, use of a LOAEL, and subchronic exposure. In addition, a factor of 10 was applied for
interindividual variability, and the total uncertainty factor of 270 was rounded to 300. The USEPA
has not established an inhalation RfD value for PCBs. For the purposes of this assessment, however,
the oral RfD value is used as the inhalation RfD value.
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Toxicity Profile , '\ ; .
• ' • , •

Polychlorinated Dibenzo-p-dioxtas and Dibenzofurans (PCDD/Fs) ( ' •
\ ' • •; • '

Polychlorinated dibenzodioxins and dibenzofurans (PCDD/Fs) constitute a class of compounds
comprised of 210 different congeners. Table G-2 lists the chemical/physical properties of all PCDD/F
congeners. They have been found in incinerator emissions, pesticides, commercial PCB mixtures,
technical products such as chlorophenol and chlorophenoxy acids, car exhaust, and as by-products *
in many industrial manufacturing processes (Rappe, 1987). Reports in the scientific literature have
identified a growing number of other processes and vectors which can potentially lead to PCDD and
PCDF emissions to the environment, including municipal solid waste (MSW) and hazardous waste
incinerators, motor vehicles using diesel fuels, large and small combustion engines, residential and
commercial fuel oil and wood heating systems, pigment and dye manufacture, dry cleaning operations,
municipal sewage sludge, forest fires, chlorination of wood pulp, petroleum refining, scrap iron
smelting, and secondary copper smelting (USEPA, 1994a). Many researchers have suggested that
afl incomplete combustion processes as wefl as any thermal treatment of organic material above 400-
500°C (752-932°F) in combination with a chlorine source can lead to the production of PCDDs and
PCDFs (BaJJschmiter et aL, 1986; Czuczwa and Ktes, 1986; Konheim, 1986; Marklund etaL, 1987;
Rappe etaL, 1987).'.' . ;..-.. • • • --• ; •- • • :••'•; \j
The scientific evidence collected over the past decade strongly indicates that PCDDs and PCDFs are
transported in the atmosphere and are ubiquitous in the environment (Sheffield, 1985; Czuczwa and
Hites, 1986; Rappe and Kjefler, 1987, 1988; Southerland et aL, 1987). For example, investigators
have identified the presence of PCDDs and PCDFs in the sediments of a pristine lake on a Lake ; -
Superior island (Czuczwa et aL, 1985). Because of the isolated location of the lake, the only
significant anthropogenic source of these chemicals is atmospheric deposition. The presence of
PCDDs and PCDFs in airborne paniculate samples from major cities in the United States and abroad
also confirm that transport by wind is the predominant mechanism in the distribution of PCDDs and
PCDFs (Czuczwa and Hites, 1986; Rappe and Kjeller, 1988). PCDDs and PCDFs have been
detected in precipitation and in ground fog (Czuczwa et aL, 1989), as well as in locations generally
considered to be isolated and pristine (Czuczwa et aL, 1985).

Once deposited, further im'gratton of dto The extremely tow
water solubility, tow volatility, and high affinity for organic material causes dioxin compounds to
partition out of the aqueous and gaseous phases and adsorb strongly to organic materials. In surface

- • ' • •' • • (
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water, dioxin tends to be removed from the aqueous phase and deposited in organic bottom
sediments. On land, PCDD/Fs bind strongly to the soU matrix; therefore there is little potential for
leaching to the groundwatef . The estimated half-life of tetraCDD (TCDD) in soils has been estimated
to be as tong as 3.3 to 100 years (di Dominico et aL, 1980; Young, 1983; Martin and Thiel, 1990;
dough, 1991).

' ' . . * • ^ ,- '

n • > ' ' ' • ' ' ' " ,

Travis and Hattemer-Frey (1987) addressed the relationship of TCDD levels in air, water, soil, and
sediment. In this study, the authors estimated that approximately 80% of the TCDD released into
the environment is via air emissions, 15% via water, and 5% via soil application. The pattern of
environmental residue levels from the U.S. and Europe clearly shows that the affinity for organic
carbon material promotes the transfer of TCDD into the soil and sediments.

6f the 210 PCDD/Fs, the toxicotogical database is most extensive for TCDD. The USEPA (1985)
has classified TCDD as a probable (B2) human carcinogen based on sufficient evidence of
carcinogenicity from animal studies, but insufBcient evidence from human studies. The USEPA does
not currently have any published toxicity values for TCDD on IRIS. Virtually aH risk estimates for
humans have been based on extrapolations from a two-year chronic toxicity and oncogenicity study

. • ; ' of Sprague-Dawley rats conducted by Kociba et aL (1978). The researchers conducted a dietary
study m which rats were administered 0.00 1,0.01, or O.l̂ gTCDD/kg-day. Female rats receiving

I j.' ' ' 0.1 Mg TCDD/kg-day exhibited a significant increase in liver tumors. The USEPA (1985) used the
linearized multistage nonthreshold dose-response model and an animal-to-human scaling factor based
on surface area to extrapolate human dose-response relationships from the results reported by Kociba
etaL (1978) to estimate a cancer slope fector (CTF) of 156,(X)0 (mg/kgnlay)*1 (USEPA, 1994). This
CSF is being reevaluated. Currently, reported CSFs range from 9,000 to 100,000 (mg/kg-day)*1
(USEPA, 1994),

In 1990 (Keenan et aL, 1991), members of the Maine Sckntific Advisory Panel (SAP) requested
the Kociba et aL (1978) study be reevaluated by an independent Pathology Working Group (PWG)
using the recently updated National Toxicology Program (NTP) tumor classification system. In
contrast to the previous system, the updated classification system distinguishes between hyperplasia
and adenoma, a distinction which is critical to the cancer dose-response assessment of TCDD. The
current protocol is now accepted by U.S. federal agencies, including the USEPA (1986).

Using the nê  rtos$'fo**fo" pmtncol, the PWG (1990) concluded that there were substantially fewer

cancerous tumors observed in the study than had been originally reported by Kociba et aL (1978).
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Based on the results of the reanalysis, USEPA (1991) calculated revised CSFs of 51.000 (mg/kg-
day)"1 for liver tumors only, and 75,000 (mg/kg-day)"1 for pooled liver, lung, or nasal turbinate/hard
palate tumors. In the interim of finalizing those reports, the HEAST (1997) value of 150,000 was
used as the oral CSF.

The USEPA has not developed an oral or inhalation RfD value for TCDD or any other PCDD/F.
Furthermore, the USEPA (1994a) has stated that, given elevated background exposures to '"dioxin-
like compounds", it would be inappropriate to derive an RfD for these compounds.

\ ,
Relative Toxicity of Dioxin and Furan Congeners

In most, if not all cases, environmental exposure to PCDD/F involves exposure to a variety of
PCDD/F congeners, rather than solely TCDD. While little toxicity data exist regarding most of these
congeners, it is widely acknowledged in the scientific and regulatory communities that only the 17
congeners with the 2,3,7,8 substitution pattern can be expected to exhibit "dioxin-like" toxicity. In
an effort to assess the toxicity of PCDD/F congeners for which little or no scientific data are
available, a rating scheme involving the assignment of Toxicity Equivalency Factors (TEFs) for each
of the 17 congeners was devised (Safe, 1990; USEPA, 1986), Of the seventeen 2,3,7,8-substituted
congeners, 2,3,7,8-TCDD is considered to be the most toxic and has been the most thoroughly
examined. Therefore, 2,3,7,8-TCDD was selected as the basis for predicting the toxicity of the other
sixteen 2,3,7,8-substituted congeners and assigned a TEF value of 1. TEF values ranging from 0 to
1 were assigned to each of these 2,3,7,8-substituted congeners based on an estimate of toxicity
relative to that of 2,3,7,8-TCDD.

The USEPA (1989) proposed interim guidelines for estimating risks associated with mixtures of
PCDDs and PCDFs following the International Toxicity Equivalency Factor (I-TEF) scheme
developed by an international project under the auspices of the North Atlantic Treaty Organization's
Committee on Challenges of Modem Society (NATO/CCMS). For each congener, one or more of
the following endpoints were used to derive I-TEFs: enzyme induction, thymic atrophy, body weight
gain, potential bioaccumulation, teratogenicity, immunotoxicity, and lethality. The I-TEF scheme
has been used by the USEPA for carcinogenic evaluation of PCDD/Fs. Consistent with USEPA
practice, the I-TEFs have been used in this assessment to evaluate the carcinogenic potential of
PCDD/Fs. ,
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Toxidty Profile _

Polycyclic Aromatic Hydrocarbons (PAHs)

PorycycBc Aromatic Hydrocarbons (PAHs) are a class of compounds containing two or more benzene
rings. The chemicaVphysical properties of selected PAHs are listed in Table G-3. Most PAHs in the
environment are formed during the combustion of organic compounds. Major sources of PAHs
include incomplete combustion of fuels for heat and manufacturing, burning of coal, gasoline, diesel
exhaust, and burning of municipal and agricultural wastes. Cigarette smoke also contains PAHs. To
a limited extent, these compounds also occur naturally. Plants and bacteria synthesize PAHs during
growth, and naturally-caused brush and forest fires produce PAHs (ATSDR, 1995).

The physical-chemical properties of PAHs are roughly correlated with their size and molecular
weight; thus, PAHs may be grouped by molecular weight for the purpose of describing their
environmental fate (ATSDR, 1995). High molecular weight PAHs are: benz(a)anthracene,
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, benzo(a)pyrene, chrysene,
dibenz(a,h)anthracene, and indeno(l,2,3-cd)pyrene. Medium molecular weight PAHs are
fluoranthene and pyrene. Low molecular weight PAHs include acenaphthene, acenaphthySene,
anthracene, fluorene, naphthalene, and phenanthrene.

' • • " ' . - ' ' • • ' . . ' ' • • • • " • ' • " • • ' • ' • ' • • - ; - ' • . - - ' • : - " . 'The medium and high molecular weight PAHs have large K*. values, indicating a strong tendency to
bind to organic matter (ATSDR, 1995). In addition, these PAHs have limited solubility in water,
Unless these PAHs encounter organic liquids in which they niight be transrwrted, they are essentially
immobile in water. The low molecular weight PAHs have bwer K̂ . values and greater water
solubility, indicating greater mobility in water. •

In surface waters, PAHs may be removed by volatilization, binding to suspended sofids or sediments,
photodegradation, or accumulation in aquatic biota. Low molecular weight PAHs, which have higher
Henrys Law contants, win tend to volatilize (ATSDR, 1995). Higher molecular weight PAHs have
very low Henry's Law constants, high K̂  values, and a tendency to bioaecumulate (ATSDR. 1995);
these PAHs preferentially sorb to sediments or accumulate in biota.
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The USEPA has classified benzo(a)pyrene (B(a)P) as a Group B2 carcinogen, probable human
carcinogen, based on sufficient data in animals and maffriqnate data in humans. B(a)P has been shown
to be carcinogenic in experimental animals (rodent and non-rodent species) following administration
by oral, intratracheal, inhalation, and dermal routes (ATSDR, 1995). Oral administration of B(a)P
to rats and hamsters produces stomach tumors;

- ' . ' . • ' • • ' i. .
The USEPA has established an oral cancer slope factor of 7.3 (mg/kg-day)'1 for B(a)P based on the
geometric mean of four slope factors derived With the data from two studies. In the first study,
dietary exposure to B(a)P doses between 1 and 250 ppm resulted in squamous cell papillomas and
carcinomas of the forestomach in CFW mice (IRIS, 1996). In the second study, dietary doses of 3
and 39 mg B(a)P/kg diet/year produced papillomas and carcinomas of the forestomach, larynx, and
esophagus in male and female Sprague-Dawley rats. Also* USEPA Region in (1996) has derived
an inhalation cancer slope factor of 6. 1 (mg/kg-day)*1 for benzo(a)pyrene. Additionally, the USEPA
has not derived an oral or inhalation RfD value for B(a)P (IRIS, 1996).

Benzfa)anthracenc, Benzofbffluorantherie, Dibenz(a,h)anthraccnet
The USEPA has classified benz(a)anthracene, benzo(b)fluoranthene, dibenz(a,h)anthracene, and
indeno(lr23-c,d)pyrene as Group B2 carcinogens, probable human carcinogens based on sufficient
data in animals and no data in humans. Although these compounds are well-studied as carcinogens, \ j
the data are insufficient for the purpose of developing cancer slope factors (USEPA. 1993). In the
absence of compound-specific cancer slope factors, the Agency has developed guidance oil "order
of potential potency" (relative to the potency of B(a)P) for the quantitative risk assessment of the
carcinogenic PAHs (USEPA, 1993). This interim guidance provides order of magnitude relative
potency estimates which are multiplied by the slope factor for B(a)P to estimate slope factors for the
carcinogenic PAHs. The relative potency factors proposed by USEPA (1993) were used in this
assessment. An oral cancer slope factor of 7.3 (mg/kg-day)'1 is used for dibenz(a,h)anthracene while
a value of 0.73 (mg/kg-day)*1 is used for benz(a)anthracene, berizo(b)fluoî thenef and indeno(l,2,3-
c,d)pyrene. Likewise, an inhalation cancer slope factor of 6.1 (mg/kg-day)"1 is used for
dibenz(aji)anthracene while a value of 0.61 (mg/kg-day)"1 is used for benz(a)anthracene,
benzo(b)fhioranthene, and indeno(l,2»3-c,d)pyrene (USEPA Region m, 1996). The Agency has not
established oral or inhalation RfD values for these PAHs (IRIS. 1996).

G-118 CHEMRlSK*-A DIVISION OF MCLAREN/HART



Acenaphthylenc, Btnz0(gM)perylencand Phenanthrene
The EPA has classified acenaphthylene, benzo(g,h,i)perylene and phenanthre'ne as Group D

U carcinogens, not classifiable as to human carcinogenicity, dut to an absence of data in humans and_i_ .' s • ' '
inadequate data in animals. The Agency has not developed oral or inhalation cancer slope factors or
RfD values for these compounds.

. ' • ' v . \ i . , ' • • ' . ' . ; ,
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Toxicological Profile

Tetrachloroethylene
" ' ' . • v- '

Chemical Formula Cĵ k ACCIH, 1991
Molecular Weight 165.85 g/mol s jJde, 1990
Vapor Pressure 18.47 mmHg @ 25°C HSDB, 1994
Boiling Point 394°K Howard, 1991
Melting Point -19°C Lide, 1990
Henry's Law Constant 1.49xlO*2 atm-mVmol Howard, 1991
Solubility 150mg/L@25°C HSDB, 1994
Partition Coefficient

, K.. 209 ATSDR, 1995

Tetrachloroethylene is used primarily as a chemical intermediate in metal cleaning, vapor degreasing,
*. " __ • , :

dry cleaning, and textile processing (ATSDR, 4995). It is also employed as an anthelmintic in the
treatment of hookworm and some nematode infestations (Budavari, 1989; HSDB, 1995).

"•>
Tetrachloroethylene is expected to be transported long distances in the atmosphere and is likely to
be slowly removed from the atmosphere via wet deposition (Class and BaHschmiter, 1986; Jung et
aL, 1992). Pry deposition,,however, is not expected to be a significant removal process (Cupitt,
1987). In the atmosphere, the transformation of tetrachloroethylene occurs as a reaction with
photochemicafiy produced hydroxyl radicals (Singh 'et aL, 1982). The atmospheric half-life of
tetrachloroethylene has been calculated within the range of 70 to 251 days deperding on temperatures
and hydroxyl ion concentrations (Atlrinson, 1985; Class and Baflschmiter, 1986; Cupitt, 1987).

In soils systems, tetrachloroethylene may be removed via volatilization, but this process is influenced
by surface-to-volume ratio and soil type (Zytner et aL, 1989b). Estimated soil sorption coefficients
for tetrachloroethylene in soil range from 177 to 534, indicating relatively high mobility in soil
systems (Kenaga, 1980; Wilson et aL, 1981; Swann et aL, 1983; Seip et aL, 1986; Zytner et aL,
1989a). Biodegradation of tetrachloroethylene in soil systems is limited and occurs only under
specific conditions (ATSDR, 1995). Additionally, several studies indicate that tetrachloroethylene
may leach to groundwater systems (Schwarzenbach et aL. 1983; Barber et aL, 1988; Doust and
Huang, 1992).
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Studies suggest that tetrachloroethylene is rapidly volatilized from aquatic systems (I>ffling.et aL,
1975; Diffing, 1977; Roberts and Dandliker, 1983; Okouchi, 1986; Chodola etaL, 1989; Zytner et
aL, 1989b). Depending on water characteristics such as temperature, movement, depth, air
movement, and jsurface-to-volume ratios, volatilization half-lives for tetrachloroethylene have been
estimated within the range of 4 hours to 25 days (Schwarzenbach et aL, 1979; Thomas, 1982;
Wakeham et aL, 1983; Chodola et aL, 1989; Zytner et aL, 1989b). Tetrachloroethylene does not"
appear to transform readily in aquatic systems, and is not significantly influenced by hydrolytic or
photorytic reactions (Chodola et aL, 1989; ATSDR, 1995). Biodegradation, however, appears to be
an irarwrtam transformation process, although it dc«s not occur rapidly (ATSDR, 1995). In addition,
bioconcentration fectors for tetracWoroethylene in fish have been measured ranging between 10 and
100 (Neery et aL, 1974; Kawasaki, 1980; Kenaga, 1980; Veith et aL, 1980). Biomagnification within
the aquatic food chain, however, is unlikely to play an important rofc (Pearson ard McConneH, 1975).

A number of epidemiology studies have been conducted with dry cleaning and laundry workers
(Hoover et aL, 1975; Blair et aL, 1979; Brown and Kaplan, 1987; Lynge and Thygsen, 1990;
Newcomb and Carbone, 1992). These studies, however, are generally complicated by potential
exposures to petroleum solvents, tobacco use, or other carcinogens (ATSDR, 1995).

Tetrachloroethylene is currently under review by the USEPA. The carcinogen classification of
i , tetrachloroethylene is between a Group B2 and Group C carcinogen, a probable human carcinogen
•̂̂  and possible human carcinogen, respectively (ATSDR, 1995; IRIS, 1996). Tlie Agency has not

established an oral or inhalation cancer slope factor for tetrachloroethylene. In lieu of verified values,
a provisional oral cancer slope factor of 0.052 (mg/kg-day)4 and a provisional inhalation cancer slope
factor of 0.002 (mg/kg-day)"1 were applied in this assessment. .This value was obtained from the
USEPA Region m (1996) guidance document for RCRA sites and is regarded as a provisional value.

The USEPA has established an oral RfD value of 0.01 mg/kg-day for tetrachloroethylene based on
hepatotoxic effects reported for mice exposed to tetrachloroethylene via gavage (IRIS, 1996). Buben
and O'Flaherty (1985) administered tetrachloroethylene to mice in doses up to 2,000 mg/kg at 5 days
per week for a total of 6 weeks. Results of the study indicate that hepatotoxic effects may occur at
doses greater than 100 mg/kg, including increased fiver weight and liver triglycerides. Similar results
were reported for rats administered doses of 14,400, or 1,400 mg/kg-day tetrachloroethylene in
drinking water. Rats receiving 400 mg/kg-day or greater exhibited increased liver and kidney
weights, as wen as depressed body weight (Hayes et aL. 1986). Additionally, several other studies
have reported results of comparable hepatotoxic effects due to gavage or inhalation exposure in
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laboratory animals (Rowe et aL, 1952; Schumann et aL, 1980; KjeUstrand et aL, 1984; NTP, 1985)
Finally, the USEPA has not determined an inhalation RfD value for tetrachloroethylene.
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BeH (ed.). Chelsea, Mb Lewis Publishers, Inc. May 10-12, (Cited in ATSDR, 1995)
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Toxidty Profile . .' • . " - • • - " ' '
' ' ' . ' . • • . . .
Trichloroethvlene

' • s . ' ' , ' , . ' , ' • ' - , '
Chemical Formula CjfiClj SANSS, 1990
Molecular Weight 131.4 ' ' HSDB, 1990
VaporPressure 74 inraHg 49 25°C Mackay and Shiu, 1981
BoflingPoint 86.7°C USEPA, 1985
MeltingPoint . -87.1°C McNeill, 1979
Henry's Law Constant 0.011 atm-mVmoi® 25°C Hine and Mookerjee, 1975

0.020 atm-mVmol @ 2Q°C Mackay and Shiu, 1981
Solubility L366 g/L @ 25°C Tewari et aL, 1982 \

1.070 g/kg @ 20°C McNeOll979
Liquid Diffusion Coefficient 8.16xlO"*cmVsec Lyman et aL, 1990
Gaseous Diffusion Coefficient 8.88x10* craVsec Lyman et aL, 1990 "
Partition Coefficients

logJs, 2.42 > Hansch and Leo, 1985
logK,,, 2.0 HSDB,1995 - •

. . . . . . . . .
The majority of trichloroethylene use is associated with vapor degreasing of fabricated metal parts,
particularly among automotive and metal industries. A much smaller fraction is produced for
chemical intermediates and export (CMR* 1983; Kimbrough et aL, 1985). Trichloroethylene is used
by textile industries as a solvent and to scour cotton and other fabrics (McNeill, 1979; Verschueren,
1983; Kuney, 1986). Trichloroethylene may also be employed as a component of adhesives.
lubricants, paints, varnishes, paint strippers, pesticides, pharmaceuticals, polychlorinated aliphatics,
and ttin̂ retardantchenucals (McNeill 1979; Hawley, 1981; Windholz, 1983; Mannsvffle Chemical
Products Corporation, 1985). "

The high vapor pressure and Henry's Law constant suggest that trichloroethylene exists entirety in
the vapor phase when released to the atmosphere (Eisenreich et aL, 1981). Trichloroethylene may
be removed from the atmosphere via wet deposition, but is quick to re volatilize. The relatively' short
half-life of trichloroethylene should not permit long-range global transport (Class and Baflschmiter,
1986).
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Trichloroethylene released to surfece water wffl volatilize rapidly to air. Volatilization, however,
depends on temperature, water movement, water depth, and associated air movements (USEPA,1985).. ;
When released to land, trichloroethyfene readfly moves withm sofls to groundwater (Schwarzenbach
et aL, 1983). Once in groundwater, trichloroethylene is not expected to transform into other
chemkals (ATSDR, 1991). ; J '

Trichloroethylene was once employed as a surgical anesthetic. Central nervous system depressant
effects due to trichloroethyfene exposure have been thoroughly studied (Vemon and Ferguson, 1969;

1 Stewart et aL, 1970; Salvini et aL, 1971; Nomiyama and Nomiyama, 1977). Acute and chronic
exposures to trichloroethylene among human subjects may result in neurological effects such as
drowsiness, headache, dizziness, and alterations in behavioral performance. Laboratory animals
exposed to trichloroethylene also display a variety of behavioral effects due to acute and chrome
inhalation exposures (ATSDR, 1991).

Chronic effects of occupational exposures to trichloroethylene may result in gastrointestinal effects
including anorexia, nausea, vomiting, and intolerance to fatty foods (Smith, 1966; Buxton and
Hayward, 1967; Milby, 1968; CJearfield, 1970). Human subjects experiencing acute inhalation
exposure may result in dry throats and mild eye irritation (Stewart et aL, 1970). Humans exposed i J
to higher inhalation doses of trichloroethylene may experience cranial nerve damage (Feldman et aL, ^̂
1988). Human exposures to trichloroethylene resulting in death have occurred only in rare instances
of accidental exposures to unusually high doses. Lethal concentrations of trichloroethylene to
laboratory animals have been reported following acute, intern̂ diate, and chronic inhalation exposures
(ATSDR, 1991).

Results of reproductive or developmental studies with trichloroethylene have not produced significant
adverse effects in humans or animals (ATSDR, 1991). Oral exposures to trichloroethylene combined
with other volatile hydrocarbons, however, have resulted in instances of childhood leukemia (Lagakos
et aL, 1986a). Individuals reported to have consumed trichloroethylene and other solvents in drinking
water for several years developed increased rates of childhood leukemia, as wen as cardiac
arrhythnû  and inimunotogical disorders (B>ers« 1986b). Immunological
effects of trichloroethylene exposure included increased incidence of auto-antibodies and increased
infections. Inhalation and dermal exposures to. trichloroethylene have not resulted in immunological
disorders (ATSDR, 1991).
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Humans experiencing dermal exposures to trichloroethylene may develop rasfaes, burns, oc other
irritations (Bauer and Rabens, 1974; Goh and Ng, 1988). There are no ava2abfc studies which detail
potential dermal effects to laboratory animals after inhalation exposure to trichloroethylene (ATSDR,
1991).

Genotoxicity studies of trichloroethylene in humans and animal investigations indicate sister chromatic
exchange, chromosomal aberrations, single-strand breaks, arid gene mutations. Results of similar
genotoxicity studies, however, have shown negative results (ATSDR, 1991)*

_'-
Adverse effects to both humans and animals may include renal dysfunction. However, supporting
data for this effect is limited (ATSDR, 1991). Additionally, studies among laboratory animals have
produced results indicating liver enlargement after inhalation exposure for .acute or intermediate
periods (Kjellstrand et aL, 1981). The available literature does not indicate the presence of adverse
hematological effects to humans. Various hematological effects, however, have been reported for
laboratory animals (Fujita et aL, 1984; Koizumi et aL, 1984).

The carcinogenicity classification for trichloroethylene is currently under review by USEPA. The
carcinogen assessment summary for trichloroethylene has been withdrawn following further review
and a revised carcinogen summary is currently being prepared by the CRAVE Work Group. The
Agency has not established an oral or inhalation cancer sbpe factor or RfD value for trichloroethylene
(IRIS, 1996). In lieu of verified toxicity values, aprovisional oral cancer slope fector of 0.011
(mg/kg-day)'1 was applied in this assessment Additionally, an inhalation cancer slope factor of 0.006
(mg/kg-day)'1 and an oral RfD value of 0.006 mg/kg-day are also provisional values for
trichloroethylene. These values were obtained .from the USEPA Region m (1996) guidance
document for RCRA sites and are regarded as provisional values.

• •- . . " • '' • ' • . * -i • • • .,, . . -
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Toxicological Profile

Vinyl Chloride

Chemical Formula CjHjCl HSDB, 1996
Molecular Weight 62.5 g/mol Sax and Lewis, 1989
Vapor Pressure 2,660 ramHg @ 25°C Sax and Lewis, 1989
Boiling Point 260°K Mackay et aL, 1992
Melting Point . -153.8°C Cowfer and Magistro, 1983
Henry's Law Constant 5.68xlO*2 atm-mVmol Mackay et aL, 1992
Solubility 2,763 mg/L @ 25°C USEPA, 1985
Partition Coefficient '

14.2 . Howard, 1991

Vinyl chloride is used in a wide variety of applications. It is used primarily in the manufacture of
poryvinyl chloride products such as pipes, packaging materials, automotive accessories, furniture,
wire coatings, wafl coverings, and other copolymer products (Cowfer and Magistro, 1985; Evefeth
etaL,1990).

Based on its vapor pressure, vinyl chloride in the atmosphere is likely to exist in the vapor phase T̂
(Eisenriech et aL, 1981; Verscheuren, 1983). In the atmosphere, the primary degradation process is
reaction with photochemically produced hydroxyl radicals (Cox et aL, 1974; Howard, 1976; Ferry
et aL. 1977). Reactions with ozone or direct photolysis are unlikely to be significant degradation
mechanisms, for this compound (Zhang et aL, 1983).

Vinyl chloride in soils volatilizes rapidly to the atniosphere from dry sofl surfaces and has â
half-life of approximately 12 hours at 10 cm depth (Verscheuren, 1983; Jury et aL, 1984). The K̂
of vinyl chloride suggests a very tow sorptkm tendency with high mobility and sufficient potential to
teach to groundwater (Lyman et aL, 1982).

In aquatic systems, vinyl chloride partitions rapidly to the atmosphere (ATSDR, 1995). The half-life
for vinyl chloride has been estimated at 43.3,8.7, and 34.7 hours for volatilization from a pond, river,
and fafcy, respectively (USEPA, 1982). Photolysis of vinyl chloride in water systems is relatively stow
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process compared to volatilization. In addition, the hydrolytic half-life of vinyl chloride at 25fC has
been estimated to be less than 10 years (USEPA, 1976).

Some evidence exists for the carcinogenic potential of vinyl chtoride in humans via inhalation
(ATSDR, 1995). Several studies report an increased incidence of hepatic angiosarcomas in workers
occupationally exposed to vinyl chtoride (Creech and Johnson, 1974; Monson et aL, 1975; Byren et
aL, 1976; Infante et aL, 1976a; Waxweiler et aL, 1976; Fox and Collier, 1977; Weber ef aL, 1981;
Jones et aL, 1988; Rinsky et aL, 1988; Wu et aL, 1989; Piratsu et aL, 1990; Teta et aL, 1990;
Simonato et aL, 1991; Wong et aL, 1991; Laplanche et aL, 1992). Other studies with vinyl chtoride
workers report a statistically significant increase in cancer of the brain, central nervous system, lung
and respiratory tract, and the lymphatic /hematopoietic system (Infante et aL, 1976b; Waxweiler et
aL, 1976; Cooper, 1981; Weber et aL, 1981; Wong et aL, 1981; Belli et aL, 1987; Rinsky et aL. 1988;
Smulevich etaL, 1988). , '

No studies are available regarding the carcinogenic potential of vinyl chtoride in humans due to oral
exposure (ATSDR, 1995). In contrast, the results of studies with laboratory animals administered
vinyl chloride in the diet and via gavage suggest a statistically significant increase in hepatic
angiosarcomas of the liver (Feron et aL, 1981; Maltoni et al, 1981; Til et aL, 1983, 1991). In
addition, no studfes are available regarding the carcinogenic potential of vinyl chtoride to humans or
animals following dermal exposure (ATSDR, 1995). .'

^ I . - :

The USEPA has classified vinyl chtoride as a Class A human carcinogen (USEPA, 1995). The
Agency has published an oral slope factor of 1.9 (mg/kg-day)'1 for vinyl chloride based on the
occurrence of lung and liver tumors in chronic feeding studies with rats (USEPA, 1995). Likewise,
the presence of liver tumors in a 1-year inhalation study with rats has prompted USEPA to publish
a unit risk factor of 8.4 x Iff3 mg/m3, which corresponds to an inhalation slope factor of 0.3 (mg/kg-
day)"1 (USEPA, 1995). Other studies with laboratory animals exposed to vinyl chloride via inhalation
•indicate an increase in mammary gland carcinomas, Zymbal gland carcinomas, nephroblastomas, Ever
angiosarcomas, neuroblastomas, forestomach papillomas, and other tumors (Suzuki, 1978; Hong et
aL, 1981; Maltoni etaL, 1981; Bi etaL, 1985). ,

Finally, the Agency has not established an oral or inhalation RfD for vinyl chtoride (IRIS, 1996).

G-135 . CHEMR1SK*-A DIVISION OF McLAREN/HART



References
. *

Belli, S.; P.A. Bcrtazzi, P. Comba et aL 1987. A cohort study on vinyl chtoride manufacturers in «̂X
Italy: Study desgin and preliminary results. Cancer Lett. 35:253-261. (Cited in ATSDR, 1995)

Bi, W., Y. Wang, M. Huang et aL 1985. Effect of vinyl chtoride on testis in rats. EcotoxicoL
Environ. Sat 10:281-289. (Citedin ATSDR, 1995)

Byren, D., O. Engholm, A. Englund et aL 1976. Mortality and cancer morbidity in a group of
Swedish VCM and PCV production workers. Environ. Health Perspect 17:167-170. (Citedin
ATSDR, 1995)

ATSDR. 1995. Tddcohgical Profile for Why/ Chloride: Draft. Agency for Toxic Substances and
Disease Registry, Atlanta, GA and U.S. Department of Health and Human Services, Public Health
Service. August

Cooper, W.C 1981. Epidemiotogic study of vinyl chtoride workers: Mortality through December
31,1972. Environ. Health Perspect. 41:101-106. (Cited in ATSDR, 1995)

Cowfer, J.A. and AJ. Magistro. 1983. Vinyl chtoride. In: Kirk-Othmer Concise Encyclopedia of \J
Chemical Technology. New York, NY: Witey Interscience. (Cited in ATSDR, 1995)

Cox, R.A., A.E.J. Enggletoh, and FJ. Sandalls. 1974. Photochemical reactivity of vinyl chloride.
Oxfordshire, England: Are HarwelL AERE-R7820. (Cited in ATSDR, 1995)

Creech, J.L. and M.N. Johnson. 1974. Angiosarcoma of liver in the manufacture of polyvinyl
chtoride. J. Occup. Med. 16:150-151. (Cited in ATSDR, 1995)

Eisenrekh, SJ., BJJ. Looney. and ID. Thomton. 1981. Airborne organic contaminants in the Great
Lakes ecosystem. Environ. Sci. TechnoL 15:30-38. (Cited in ATSDR, 1995)

Evefcth, W.T., V. Koltonitsch, K. Slater (eds.). 1990. Kline Guide to the U.S. Chemical Industry.
5th Edition. Fairfield,NJ: Kline & Co. (Cited in ATSDR, 1995)

Q-136 CHEMRlSK--A DIVISION OF MCLAREN/HART• - - •. ' ' \J
AR.-30U2I8



Feron,VJ.,CJr̂ tHendriksen,AJ. Speck etaL 1981. Lifcspan oral toxicity study of vinyl chtoride
in rats. Fd. Cos. ToxicoL 19:317-333. (Citedin ATSDR, 1995)• " • : . ; - ' . . , - • - ' - . . - - : . - " ' • ' / • • -
Fox, A.J. and P.P. Collier. 1977. Mortality experience of workers exposed to vinyl chloride
monomer in the manufacture of polyvinyl chloride in Great Britain. Brit. J; Ind. Med. 34:1-10.
(Cited in ATSDR, 1995) , , ;————-'—"

Hong, C.B., J.M. Winstbn, Up. Thomburg et aL 1981. Follow-up study on the carcinogencity of
vinyl chtoride and vinylidene chloride in rats and mice: Tumor incidence and mortality subsequent
to exposure. J. ToxicoL Environ. Health 7:909-924. (Cited in-ATSDR, 1995)

Howard, C.J. 1976. Rate constants for the gas-phase reactions of hydroxyl radicals with ethylene
and halogenated ethytene compounds. J. Chem. Phys. 65:4771-4777. (Cited in ATSDR, 1995)

Howard, P.H. (ed). 1991. Handbook of Environmental Fate and Exposure Data for Organic
Chemicals. Volume II: Solvents. Chelsea, MI: Lewis Publishers, Inc.

HSDB. 1996. Vinyl Chloride. Hazardous Substances Data Bank, National Library of Medicine,
National Institutes of Health, Bethesda, MD.

' ' ' ''' • - ' ' - r ' " -'" ••-' '•- ' •' -' ' ' 'Infente, P.FMJ.K. Wagoner, A. J.McMichael etaL 1976a. Genetic risks of vinyl chloride. Lancet
(April 3):734-735. (Cited in ATSDR, 1995)

In&nte, P.F., J.K. Wagoner, and RJ. Waxweiler. 1976b. Carcinogenic, mutagenfc, and teratogenic
risks associated with vinyl chtoride. Mutat Res. 41:131-142. (Cited in ATSDR, 1995)

' ' ' • . ' • • , " \t , - • . ' . • . • • •
IRIS. 1996. Vinyl Chloride. Integrated Risk Information System, U.S. Environmental Protection
Agency, Office of Health and Environmental Assessment, Cincinnati, OH.
Jones, R.D., D.M. Smith, and P.O. Thomas. 1988. A mortality study of vinyl chloride monomer
workers employed in the United Kingdom in 1940-1974. Scand. J. Work Environ. Health 14:153-
160. (Cited in ATSDR, 1995) .

Jury, W.A., W.F. Spencer, and W.J. Farmer. 1984. Behavior assessment model for trace organics
insoifc m. Application of screening modeL / £>IVI'TO/Z. gwzi 13:573-579. (Cited in ATSDR, 1995)

G-137 CHEMRisK*-A DIVISION OF MCLAREN/HART

'
AR30t»2l9



Laplanche, A., F. davel, J.C. Contassot et aL 1992. Exposure to vinyl chtoride monomer-results
of a cohort study after a 7 year follow-up. Brit / Ind. Med. 49(2):134-137. (Cited in ATSDR,
1995)

Lyman, W.J., W.F. ReehL and D.H. Rosenblatt 1982. Hanbook of Chemical Property Estimation
Method̂ : Environmental Behavior of Organic Compounds. New York, NY: McGraw Hifl Book
Co. (Cited in ATSDR, 1995)

Mackay, D., W.Y. Shhi, and K.C. Ma (eds). 1992. Illustrated Handbook of Physical̂ Chemical
Properties and Environmental Fate for Organic Chemicals. Volume II: Polynuclear Aromatic
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Toxidty Profile .

zinc" ' ' • ' • . • ".- - • " " , , '
• ' . ' • ' ' ' ' ... . ̂ .

Chemical Formula Zn r HSDB, 1995
Molecular Weight 65.38 Merck, 1983
Vapor Pressure, 1 mmHg @ 487°C Merck, 1983
BoflingPoint 908°C Merck, 1983
MeltingPoint 419.5°C Merck, 1983
Henry's Law Constant NA ATSDR, 1988
Solubility Insoluble Weast, 1989
Partition Coefficients

NA ATSDR.1988
NA ATSPR.1988

Zinc is used primariry as a protective coating of other metals. It is also employed in bronze and brass
alloys, electrical materials, and organic chemical reductions and extractions (ATSDR, 1988). To a
lesser extent, zinc is used as a component of pharmaceuticals, United States coins, and military and

i j law enforcement smoke bombs (Ltoyd and Showak, 1983; Merck, 1983; ATSDR, 1988).

In the environment, zinc occurs in the +2 oxidation state (Undsay, 1979). In the atmosphere, the
chemical interactions of zinc compounds may result in a change in the speciation of the compound.
It is likely to be highly reactive in the atmosphere since most atmospheric zinc compound
concentrations are present as submicron particles and which are probably short-lived (USEPA, 1980;
Fishbein, 1981). However, there is no available estimated atmospheric lifetime for zinc (ATSDR,
1988). Additionafly, volatilization does not appear to
atmosphere (Callahan et al, 1979).

Transport of zinc in sofls systems is affected by such factors as compound solubility, sofl type, sofl
pH, and sofl salinity (Kalbasi et aL, 1978; USEPA, 1980; Clement Associates, 1985). It is strongly
sorted to sofls and movement towards groundwater is expected to be slow unless the compound is
soluble or accompanied by corrosive materials (USEPA, 1980). Furthermore, zinc may leach to
groundwater if the sofl matrix does not support the sorptton of zinc to soil particles (ATSDR, 1988).
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The primary Cite process for zinc in aquatic systems is sorption. Zinc may partition to sediments via
sorption to hydrous iron and manganese oxides, clay minerals, and organic materiaL The relative
mobility of zinc in water is determined by the same factors as affecting its transport in sofl systems.
In surfece waters, zinc may occur in both suspended and dissolved forms (ATSDR, 1988). Zinc may
be degraded via hydrolysis, while photolysis of zinc is not expected to be significant Zinc may be
bioaccumulated by biota, but is unlikely to biomagnify (Callahan et aL, 1979).

Zinc is an essential trace element necessary to enzyme functions, protein synthesis, and carbohydrate
metabolism (USEPA, 1985). The Recommended Dafly Allowance for zinc is 15 mg. Ingestion of
excessive amounts of zinc may cause fever and gastrointestinal distress. It appears that zinc is
absorbed via ingestion and inhalation. Inhalation exposure to zinc dust or fumes has been associated
with pulmonary fibrosis and metal fume fever. Additionally, chronic exposure to zinc may produce
anemia (USEPA, 1984).

Zinp and its compounds produce effects in experimental animals similar to those in humans. Excess
zinc in rats can cause growth retardation, hypochromic anemia, and defective mineralization of bone.
Chronic ingestion of zinc in experimental animals has also been reported to result in adverse effects
to the brain, pancreas, and pituitary gland. Other effects resulting from exposure to zinc include
adverse effects on hemoglobin, appetite, and weight gain at high exposure levels (USEPA, 1984,
1985).

Elevated fetal exposures to zinc have produced reduced copper levels in experimental studies.
Premature deliveries and one stillbirth were observed in a small group of women administered zinc
supplements late in pregnancy. An increased number of fetal resorptions were observed in studies
with rats administered zinc supplements. It is possible, however, that zinc deficiencies caused the
adverse fetal effects (USEPA, 1984,1985).

Walters and Roe (1965) reported a significant increase of anemia in treated mice administered
concentrations of 0,1000, or 5000 ppm zinc as zinc sulfate or zinc oleate in drinking water. In
another study, mice administered 500 rag/L zinc sulfate in drinking water exhibited hypertrophy of
the adrenal cortex and pancreatic islets (Aughey et aL, 1977). - .

The USEPA has classified zinc as a Group D carcinogen, not classifiable as to human carcinogenicity,
based on inadequate evidence in humans and animals. Studies of occupational exposure to zinc
compounds do not correlate exposure with cancer risk. Likewise, case reports of chronic therapeutic
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exposures to zmc are also fonited (IRK, 1996). Ite Agency has not determined an oral or inhalation
cancer slope factor for zinc (IRIS, 1996).

.-'. • • ' :.'.-- :.;. ' •:: " ' ,';> . '
The USEPA has established an oral RfD value of 0.3 mg/kg-day for zinc (IRIS, 1996). This value
is based on a 10-week clinical stuoV of zinc supplementation m aduU women administered gfiiconate
supplements twice daily at a concentration of 1.0 mg/kg-day. The study results indicate a 47 percent
decrease of erythrocyte sur«roxide dismutase (ESOD) activUy (Yadrick et ̂  TheAgency
has not proposed an inhalation RfD value for zinc.
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Toxicological Profiles _
: • . • " . • " • - ' . ' . ' . ' • . '

The following toxicity profiles were developed with the intention to present only brief joxicological
information and to omit any data pertaining to the chemical properties and the chemical fate and
transport processes of the individual compounds. The toxicity profiles included herein were designed
to be similar to the toxicity profiles presented in Appendix C of the USEPA Region HI December
1995 report entitled Draft Baseline Risk Assessment for Westinghouse Sharon Middle Sector
Building.
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Toxicological Profile 4

1,1,1-Trichloroethane

1,1,1,-trichIoroethane (1,1,1-TCA) is used in a wide variety of applications. The primary use of
U,1-TCA is as an agent involved in vapor degreasing. It is also employed in cold cleaning or as an

r aerosol, adhesive, and chemical intermediate. In addition, 1,1,1-TCA may be used in the production
ofcoatings, inks, textiles, and electronics (ATSDR, 1995).

1,1,1-TC Amay be absorbed via the oral, inhalation, or dermal routes of exposure. Inhalation of
. 1,1,1-TCA is the predominant and most rapid route of absorption into the body. It is also rapidly

absorbed through the gastrointestinal tract (USEPA, 1987). The primary effect resulting from acute
exposure to 1,1,1-TCA is depression of the central nervous system, including anesthesia at high
concentrations. At low concentrations, coordination, equilibrium, and judgement may be impaired.
Other observed effects include cardiovascular effects, and slight adverse effects to the lungs, fiver,
and kidneys. Irritation of the skin, eyes, and mucous membranes may also occur upon exposure.
Potential chronic effects include neurological and behavioral effects and, at very high concentrations,
possible kidney and liver damage (USEPA, 1984a).

i , 1,1,1-TCA has been shown to be weekly mutagenic in some studies (USEPA, 1984a,b). No
^̂  information is available on the reproductive effects of 1,1,1-TCA in humans. Short-and long-term

exposures have produced no reproductivelor teratogenic effects in rats or mice. In both animals the
only effect observed was a delay in fetal development, but this effect was considered reversible
(USEPA, 1984b). .

The USEPA has classified 1,1,1-TCA as a Group D carcinogen, not classifiable as to human
carcinogenicity, based on the absence of human carcinogenicity data and ma'topia*? animal
carcinogenicity data (IRIS, 1996). The Agency has not established an oral or inhalation cancer slope
factor for this compound. USEPA Region m has published an oral RfD value 0.035 mg/kg-day and
an inhalation RfD value of 0.286 mg/kg-day for 1,1,1-TCA (USEPA, 1996).

Bî ^

'
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Toxicological Profile - • - , • ' • " , . '

Antimony

Antimony compounds are employed as constituents of metal alloys, flame retardants, batteries,
textiles, chemicals, and glass. Some antimony compounds are also used in the treatment of parasitic
diseases and infection (USEPA, 1980; Friberg et aL , 1986; ATSDR, 1990).

In humans, acute exposures to antimony Via inhalation or ingestion may result in vomiting, nausea,
and diarrhea (Friberg et at, 1986). Chronic exposures to antimony may result in myocardial changes,
pneumoconiosis, tracheitis, laryngitis, bronchitis, or pustû  Belyaeva
(1967) reported a higher incidence of spontaneous abortions among women employed in a
metallurgical plant Effects in experimental animals are similar to humans including respiratory
system effects, cardiovascular System effects, and effects on the fiver, kidney, and spleen (USEPA,
1980). .

The USEPA has not classified antimony as to potential human carcinogenicity. Likewise, the Agency
has not determined an oral or inhalation cancer slope factor for antimony.

The USEPA has derived an oral RfD value of 0.0004 mg/kg-day for antimony based on the results
of a chronic oral bioassay in which rats administered 0.35 mg/kg-day in drinking water exhibitedi - . ' ' •
decreased longevity, blood glucose, and cholesterol (Schroeder et aL, 1970). the Agency has not
established an inhalation RfD value for antimony. .
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Toxicological Profile

I J Bls(2-ethylhexyl)phthalate .^̂ —r i . ' . - , • • . - , . -

Bis(2-ethylhexyl)phthalate (BEHP) is widely used in plastic products. BEHP is added to synthetic
plastic resins to impart flexibility to the finished product, improve workabilky during fabrication, and
extend or modify properties not present in the original resins, fa addition, BEHP is often employed
as an insect repeUant and orchard acaricide (ATSDR, 1989). _ :

Few studies have been conducted onthe effects of BEHPin humans. The results of animal studies,
however, have shown that BEHP administered either orally or intraperitoneaUy has a low kvel of
acute toxicity (ATSDR, 1989). A number of studies in laboratory animals have shown that chronic
oral exposure to BEHP results in adverse hepatic effects (ATSDR, 1989). At high oral doses, BEHP
may cause functional hepatic damage characterized by morphological changes and alterations in the
activity of hepatic enzyme systems. Additionally, BEHP is a developmental and reproductive toxin
in rats and mice (Singhe et aL, 1972; Shiota and Nishimura, 1982).

The USEPA has classified BEHP as a B2 carcinogen, probable human carcinogen, based on
inadequate human carcinogenicity data and sufficient animal carcinogenicity data (IRIS, 1996).

( " ' • • •"' '
/̂ "̂  The USEPA has published an oral cancer slope factor of 0.014 (mg/kg-day)'1 based on the results of

studies with laboratory animals (IRIS, 1996). In bioassays, orally administered BEHP produced
significant dose-related increases in liver tumor responses in male and female,rats and mice
administered 0,6000, or 12000 ppm BEHP and 0,3000, or 6000 ppm BEHP, respectively, /or 103
weeks. HistoSogical examinations indicated a significant increase in the incidence of hepatoceflular
carcinomas and combined incidence of carcinomas and adenoma in treated animals (NTP, 1982). The
Agency has not proposed an inhalation cancer slope factor for BEHP. . .

* • • , '
In addition, the USEPA (1996) has established an oral RfD value of 0.02 mg/fcg-day for BEHP based
on the results of a study by Carpenter et aL (1953). The results of this study indicated increased
relative liver weights after a 1-year feeding study in which guinea pigs were administered BEHP at
0,19, or 64 mg/kg-day. Statistically significant increases in relative liver weights were observed in
both groups of treated females (Carpenter et aL, 1953). The Agency has not established an inhalation
RfD value for BEHP.
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Toxicological Profile

'̂ y Copper

Copper is typically used in metal afloys, including brass, bronze, coins, and gun metal Copper
compounds are employed in a variety of industries including electrical, construction, machinery,
transportation, and ordinance. Additionally, copper compounds may also be used as fungicides,
algicides, or nutritional supplements in animal feed and fertilizers. Copper is also an essential nutrient
for humans. (ATSDR, 1990).

The USEPA has determined copper to be a Group D carcinogen (not classified) due to the absence
of human data, inadequate animal data from assays of copper compounds, and equivocal mutagenicity
data (IRIS, 1996). The Agency has not derived an oral or inhalation cancer slope factor for this
compound.

The USEPA has developed an oral RfD value of 0.04 mg/kg-day (USEPA, 1996). The Agency has
not, however, established an inhalation RfD value for copper.
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Toxicological Profile

Endrin Aldehyde/ . _ . . ~ . f : ' '

Endrin aldehyde is a minor impurity of the insectkide endrin and rnay be released to the environmem
during its use and application. Endrin aldehyde is also an environmental metabolite of endrin
(Sanborn et al, 1977; Callahan et al, 1979)

Toxicity data for human and animal exposures to endrin aldehyde are K™fo-4 Acute exposures to
endrin aldehyde in various doses may result in gastrointestinal upset, sensory aberrations, central
nervous system excitations, seizures, coma, and possibly liver necrosis (HSDB, 1996).

The USEPA has not classified endrin aldehyde as to human carcinogenicity. Also, the Agency has
not established oral or inhalation cancer slope factors or RfD values for endrin aldehyde (USEPA,
1995). In lieu of these data, the oral cancer slope factor for endrin was used.

* - *
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Toxicological Profile

V i • Mercury j

Mercury is best known for its use in thermometers, barometers, and other pressure-sensing devices,
but it is also used in a wide variety of industrial applications (ATSDR, 1988). Mercury may be used
as a component in batteries, radios, calculators, smoke alarms, watches, missiles, and spacecraft.
Additionally, mercury lamps may be employed for street lamps, film projectors, and photographic
equipment It is often used in the production of vinyl chlorides, urethanes, anthraquinone, chlorines,
and caustic sodas. To a lesser extent, mercury may also be found in phannaceuticals, paints,
pigments, lubrication oils, and dental amalgrams (Grayson, 1983; Merck, 1983).

It is thought that exposure to inorganic mercury compounds may affect kidney function.
Experimental animal studies reproduced the central nervous system effects observed in humans, but
only at very high concentrations. Animal experiments have, however, demonstrated kidney effects
in animals administered inorganic salts of mercury (USEPA, 1984). Inhalation exposure to inorganic
mercury compounds has been associated with increased numbers of spontaneous abortions and
menstrual difficulties in exposed animals. NO information is available on the potential reproductive
and developmental effects of oral exposure to inorganic mercury (USEPA, 1984; ATSDR, 1988).

-̂̂  The USEPA has classified mercury as a Group D carcinogen, not classifiable as to human
carcinogenicity, based on inadequate human and animal data. The available epidemiologic studies
do not show a correlation between mercury exposure and carcinogenicity (Cragle et al, 1984;
Abloom. et aL, 1986; Barregard et aL, 1990). These studies are generally complicated by the presence
of confounding factors such as concurrent exposures to other carcinogens or lifestyle variables (IRIS,
1996). Additionally, the USEPA has not published an oral or inhalation cancer slope factor for
mercury (USEPA, 1995).

The USEPA has established an oral RfD for raethylmercury of 0.0004 mg/kg-day based on
neurological effects (IRIS, 1996). In the absence of an oral RfD for total mercury, the value
published for methylmercury will be used in this assessment. The USEPA has established an
inhalation reference concentration (RfC) of 0.0003 mg/mVfor elemental mercury based on
occupational studies (IRIS, 1996). For this evaluation, the RfC value is converted to an inhalation
RfD of 0.0000857 mg/kg-day. Results of studies conducted by Fawer et at (1983) indicate a
significant incidence of tremors in workers exposed to low concentrations of mercury vapors. In a
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similar investigation, Piikivi and Tolonen (1989) reported significantry slower and attenuated brain
activity among exposed workers. In addition, other adverse effects as a result of mercury exposure
to workers incbde increases in memory disturbances as wen as subjective and objective evidence of
autonomic dysfunction (Piikivi, 1989; Piikivi and Hanninen, 1989; Ngim et aL, 1992; Liang et aL,
1993).
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Toxicological Profile

Nickel

Nickel is a silvery metal that is insoluble in water. Nickel and its compounds are used in nickel-
plating, for coins, electrotypes, lightning rod tips, electrical contacts, as a catalyst, and in the
manufacture of various metals and alloys (ATSDR, 1988).

s

In humans, acute dermal exposure to nickel commonly results in contact dermatitis, atopic dermatitis,
and allergenic sensitization. Other signs and symptoms of exposure to nickel include nausea,
vomiting, diarrhea, central nervous system depression, coughing, shortness of breath, chest pain, fever
and weakness (ATSDR, 1988). Chronic occupational inhalation exposures may result in respiratory
effects such as asthma and chronic respiratory tract infections (NAS, 1975). However, nickel may
also be an essential human nutrient (ATSDR, 1988).

Studies with experimental animals suggest that nickel and nickel compounds have relatively low acute
and chronic oral toxicity. Noncarcinogenic respiratory effects are found in animals exposed to nickel
by inhalation (ATSDR, 1988). Ingested nickel may cause reproductive and developmental toxicity
in animals (Smith et aL, 1990). Reproductive effects in male rats include degenerative changes in the
testes, epididyinis and spermatozoa (ATSDR, 1988; Ambrose et aL, 1976). Studies in female rats
and hamsters suggest an effect on embryo viability and the implantation process. Animals exposed
to nickel before implantation have shown delayed embryonic development and increased resorptions,
although there are problems associated with the interpretation of these studies (ATSDR, 1988; Smith
etaL, 1990).

The USEPA has classified nickel as a Group A (human) carcinogen, based on sufficient evidence in
humans (IRIS, 1996). The Agency has not determined an oral cancer slope factor for nickeL
However, the USEPA has derived an inhalation unit risk value of 0.00024 0/g/m3)'1 and an inhalation
cancer slope factor of 0.84 (mg/kg-day)'1 based on human data from several epidemiologic studfes
which suggest that exposure to nickel refinery dust caused lung and nasal tumors in sulfide nickel
matte workers (Chovfl et aL, 1981; Enterline and Marsh, 1982; Magnus et aL, 1982; Peto et aL,
1984). In addition, animal studies in which rats were exposed to nickel via inhalation and injection
indicate the presence of carcinomas (Oilman and Ruckerbauer, 1962; Saknyn and Blohkin, 1978).
The USEPA has established an oral RfD value for nickel of 0.02 mg/kg-day (USEPA. 1995).
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Toxicological Profile .

Silver
j • • ' -

The primary use of silver.and silver compounds is in the production of photographic materials, ft is
also utilized in electrical products such as contacts, paints, and batteries. Additionally, silver may be
employed as a component in the manufacture of alloys, solders, and bearings. To a lesser extent,
silver is used in electroplated ware, jewelry, mirrors, dental amalgram, medical supplies, chemical
catalysts, and cloud seeding (Smith and Carson, 1977; Grayson, 1983; ATSDR, 1989; HSDB, 1996).

Limited data are available regarding the acute effects of exposure to silver. Reports of acute
poisoning in humans include a case of respiratory distress in a worker who became ill 14 hours after
working with molten silver (Forycki et al, 1983). Initial symptoms observed include rapid pulse, low
oxygen content of capillary blood, and scattered thickening of the lungs observed in chest radiograms.
Intravenous injection of a silver salt (50 mg or more) for therapeutic purposes has been reported to
be lethal Autopsy findings in such cases have included pulmonary edema, hemorrhage, and necrosis
of bone marrow, liver, and kidney (Patein and Roblin, 1909; Hill and Pillsbury, 1939). Repeated
exposure to silver salts or colloidal silver by inhalation or ingestion can cause a blue-gray
discoloration of the skin known as argyria (Friberg et aL, 1986). This discoloration is not known to

i be symptomatic of any other toxic effect. Occupational exposure to silver dusts has been associated
with respiratory and gastrointestinal irritation (Rosenman et aL, 1979).

The USEPA has classified silver as a Group D carcinogen, not classifiable as to human
carcinogenicity, based on inadequate data in human and animal studies (IRIS, 1996). Local sarcomas
have been induced in animals after implantation of silver foils and silver discs (Schmal and Steinhoff,
1960; Furst and Schlauder, 1977; Furst, 1981). Interpretation of these findings, however, is
questionable due to the occurrence of solid-state carcinogenesis in which even insoluble solids such
as plastic have been shown to result in local fibrosarcomas (IRIS, 1996). Consequently, the Agency
has not established an oral or inhalation cancer slope factor for silver.

.The USEPA has developed an oral RfD of 0.005 mg/kg-day based on a number of reported cases
of subpopulations which have exhibited an increased propensity for the development of argyria
following exposure to silver from dietary sources (IRIS, 1996). The USEPA has not proposed an
inhalation RfD value for silver (USEPA, 1995). For the purposes of this evaluation, however, the
oral R£D is used for the inhalation RfD value.
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Toxicological Profile

Thallium . \̂

Thallium occurs naturally as a trace compound in several minerals and occurs in small amounts in
almost an living things (Seiler, 1988). Thallium is most commonly employed by the semiconductor
industry in the production of switches and closures. To a lesser extent, it is used in the
pharmaceutical industry and as a chemical intermediate for other thallium compounds (Windholz,
1983; U.S. Bureau of Mines, 1988).

In humans, various thallium exposures may cause neural, hepatic, and renal injury. Acute thallium
toxicity to humans may be characterized by gastrointestinal irritation, acute ascending paralysis, and
psychic disturbances. Chronic thallium exposures to humans may result in liver necrosis, nephritis,
gastroenteritis, pulmonary edema, or degeneration of peripheral and central nervous system. Humans
subjected to industrial exposures may experience loss of vision and other signs of thallium poisoning
(Browning, 1969; Fowler, 1982; Amdur et aL. 1991).

Acute toxicity studies in rats suggest that thallium toxicity may be significant An oral LDM of 30
mg/kg has been reported for rats (Downs et aL. 1960). In addition, rat bioassays have reported renal
lesions, and degenerative histologic and central nervous system changes (Amdur et aL, 1991). .J

The USEPA has not classified thallium as to human carcinogenicity. Also, the Agency has not
established oral or inhalation cancer slope factors or RfD values for thallium (USEPA, 1995). In the
absence of data specific to thallium, the oral RfD for thallium chloride was used in the risk
assessment
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Toxicological Profile

Vanadium
N

Vanadium is a naturally occurring element found in a variety of ores and fuel oiL It is used primarily
in the steel industry as an alloy in the production of automotive parts, springs, ball bearings, and
ferrovanadium alloys. In addition, vanadium compounds are widely used in the production of aircraft
engines and as industrial catalysts. Other applications of vanadium compounds are utilized by the
textile, ceramic, and printing industries (ATSDR, 1990).

Vanadium toxicity among humans is characterized by nasal bleeding combined with soreness of the
chest and throat, coughing, and dyspnea. These symptoms usually cease, however, following removal
from exposure (Browning. 1969). la animals, exposures to vanadium compounds have been reported
to result in embryotoxicity, catarrhal gastritis, reduced blood glucose levels, reduced body weight,
and metabolic effects (Friberg, 1986; Meyerovitch et al, 1987; Patemain et aL 1987; Zaporowska and
Wasflewski, 1989).

The USEPA has not classified vanadium as to potential human carcinogenicity. The Agency has not
derived an oral or inhalation cancer slope factor for this compound (IRIS, 1996).

The USEPA has developed a chronic oral RfD value of 0.0073 mg/kg-day based on the results of a
lifetime drinking water study with rats (USEPA, 1995). The Agency has not, however, established
an inhalation RfD value for vanadium.
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Toxicity Profile

Lead

In the United States, lead is used primarily in lead acid batteries, gasoline additives, and other
applications within the transportation industry. It is also employed as a product for construction,
ammunition, electronics, television glass, and paint To a lesser degree, lead is used in ceramics, type
metaL ballasts and weights, and tubes. Due to its toxic nature, however, the use of lead has slowly
decreased in recent years as alternative materials are developed due to its toxic nature (ATSDR,
1991).

Chemical Formula Pb ATSDR, 1991
Molecular Weight 207.20 HSDB, 1995
Vapor Pressure 1.77 mmHg @ 1,000°C HSDB, 1995
Boiling Point 1,740°C HSDB, 1995
Melting Point 327.4°C HSDB. 1995
Water Solubility Insoluble HSDB, 1995
Partition Coefficients

Henry's Law Constant No data ATSDR, 1991
(air/water)

log K̂  No data ATSDR, 1991
tog K.., No data ATSDR, 1991

Lead in the atmosphere exists primarily in the paniculate form. Smaller particultes may be
transported thousands of kilometers, while particulates of 2 //m or more are generally deposited near
emission sources. Ultimately, lead is removed from the atmosphere via wet or dry deposition
(ATSDR. 1991). It is unclear as to the chemical composition changes of tetraethyt lead during
dispersion. Studies suggest that it reacts with hydroxyl ions to form ionic triaDcyl and diaflcyi species
which are more stable in the atmosphere (USEPA, 1986). Eventually it is transformed to inorganic
lead via direct photolysis, hydroxyl radicals, and reaction with ozone. Adsorption of lead to
atmospheric particles is not a significant fate process (ATSDR, 1991).

The fate of lead in soils is dependent on the soil pH, organic matter content, ion-exchange
characteristics, and the presence of inorganic colloids and iron oxides (ATSDR, 1991). Ordinarily.
lead is retained in sofl, and is unlikely to be transported to groundwater or surface waters (NSF. 1977;
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USEPA, 1986). Inorganic lead is essentially immobile in soil if bound into crystalline matrices. The
transformation of lead complexes and precipitates depends on soil type. Soils with high organic
matter content and a pH of 6-8 may form insoluble organic lead complexes, while soils with less
organic matter and the same pH may form hydrous lead oxide complexes. Sofls with a pH of 4-6.
however, may permit the formation of organic lead complexes which are solubte and become subject
to leaching or uptake by plants (USEPA, 1986). Conditions that may induce the leaching of lead
within soils includes the presence of lead at concentrations greater than the cation exchange capacity
of the sofl, the presence of sofl constituents capable of forming soluble chelates, and a decrease in the
pH of the leaching solution (NSF, 1977).

The amount of lead in water systems is dependent upon the pH and the dissolved salt content. At a
pH of less than 5.4 the total solubility of lead is estimated to be 30 Mg/L and 500 Mg/L in hard and
soft water, respectively. Lead carbonates may limit the lead concentration, however, at a pH of less
than 5.4 (USEPA, 1979). In river systems, lead may be present as sorbed ions or surface coatings
on sediment mineral particles, or it may exist as pan of suspended organic matter. Tetraalkyl lead
compounds in water may be subject to photolysis and volatilization. Degradation of the more volatile
lead compounds via evaporation occur as trialkyl lead to dialkyl lead to inorganic lead. In addition,
tetraethyl lead may decomposed in water via photolysis (ATSDR, 1991).

, Lead in humans may be stored in bone, kidney, and liver. The major adverse effects in humans caused
"̂"̂  by lead include alterations in the blood and nervous systems. The toxic effects are generally related

to the concentration of this metal in blood. Toxic blood concentrations in children and in sensitive
adults may cause severe, irreversible brain damage, encephalopathy, and possible death. Physiological
and biochemical effects that occur even at low levels include enzyme inhibition, interference with
vitamin D metabolism, cognitive dysfunction in infants, electrophysiological dysfunction, and reduced
childhood growth (ATSDR, 1991).

Exposure to lead has been associated with developmental effects in humans. Effects include reduced
birth weight, gestational age, and neurobehavioral deficits or delays. There is no positive association
between lead exposure and congenital malformations, suggesting that lead is not teratogenic
(ATSDR, 1991).

There is evidence that exposure to lead can cause genotoxic effects. Lead has been shown in a
number of assays to affect processes associated with gene expression (IRIS, 1995). Lead exposure
has also been associated with sister chromatic exchange in workers, and induction of chromosomal
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aberrations in vivo (Grandjean et aLf 1983). Lead acetate has been shown to induce cell
transformation in Syrian Hamster embryo cells (DiPaolo et aL, 1978)

The available studies of carcinogenicity of lead following ingestion by laboratory animals indicates
that lead is carcinogenic and that renal tumors are the most common carcinogenic response (ATSDR,
1991; IRIS, 1995). Azar et aL (1973) reported renal tumors in rats administered lead for two years
at doses of 27,56.5.105 mg/kg-day. Likewise, renal tubular carcinomas were observed in 81% of
the study rats given lead in their drinking water at 37 mg/kg-day for 76 weeks (Roller et aL, 1986).

The USEPA has classified lead as a Group B2 carcinogen, probable human carcinogen, based on
inadequate carcinogenic evidence in humans and sufficient animal carcinogenic evidence (IRIS, 1995).
The results of a number of animal studies, including ten rat bioassays and one mouse assay, show a
statistically significant increase in renal tumors due to dietary and subcutaneous exposures to soluble
lead salts (Van Esch and Kroes, 1969; Azar et aL, 1973; Casto et aL, 1979; DiPaolo et aL, 1979;
Grandjean et aL, 1983; Kasprzak et aL, 1985; Roller et aL, 1986). The Agency has not established
an oral or inhalation cancer slope factor or RfD value for lead (IRIS, 1995).
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Appendix H

Carcinogenic and
Noncarcinogenic Risk
Calculations
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A Division of McLaren/Hart
Environmental Engineering

v :j
*̂*mr

Stroudwaler Crossing l -
1685 Congress Street
Portland, ME 04102 .
207.774.0012
FAX 207.774.8263

April?, 1998

Mr. Charles Tordella
Project Manager
'Environmental Cleanup
Pennsylvania Dept. of Env. Protection . .
230 Chestnut Street
Meadville,PA 16335-3481

RE: Finalization of Human Health Risk Assessment at the Former Sharon Transformer Plant Site
• '.

Dear Mr. Tordella:

On behalf of CBS Corporation (CBS) (herein after all references to Westinghouse have been changed
to CBS). ChemRisk has reviewed the United States Environmental Protection Agency (EPA) Region
III comments on our November 26, 1997 revised Human Health Risk Assessment Report received by
CBS on February 12, 1998. In response to these comments, this letter transmits revised text, tables, and
an additional appendix for incorporation into the Risk Assessment Report, including new risk summary
tables that demonstrate the consistency of results computed by ChemRisk and EPA.

ChemRisk had previously computed risks for 19 exposure scenarios as reported in November, 1997.
The EPA review comments do not modify any of the risks from these 19 exposure scenarios, to the
extent that they would, under National Contingency Plan (NCP) requirements, be included (or
excluded) in the assessment of alternatives by the Feasibility Study (FS).

EPA computed risks for an additional exposure scenario (unrestricted worker access to the Moat) that
results in human health risks outside the NCP target range. This additional exposure scenario also does
not represent the baseline condition. Unrestricted access to the Moat is precluded by existing
institutional controls installed by CBS several years ago as mandated by the consent agreement between
CBS and the Pennsylvania Department of Environmental Protection (PADEP) that also governs the
performance of the RI/FS. Nonetheless, to prevent further delay in remediation, it is our understanding
that CBS will address mitigation of unacceptable risk due to the hypothetical unrestricted worker access
to the Moitt in the -FS. .
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Mr. Tordella
April 7,1998
Page 2

ChemRisk is hereby providing responses to the February 10, 1998 comments by PADEP and EPA. To
aid in the insertion of revised pages into the final risk assessment, all attached text and tables are
included in the order they appear in the risk assessment document. In addition, ChemRisk has included
revisions jo Sections 1.0 and 6.0 to clarify any changes made in the risk assessment report. In those
instances where a response is not provided, CBS accepts the comment and has included the comment
in the new Appendix I, which will contain both tjie full text of the February 10, 1998 comments by EPA
and PADEP and this letter in response to those comments. •'",•'

Response to EPA Comments

Comment #2: See response to Comment #3e.

Comment #3e: Bullet #2: In accordance with the RI Work Plan, sediment samples were only
'. scheduled to be analyzed for site-specific constituents of interest as defined by the
Phase IB Field Sampling Plan. The lab data reports, however, included the TCL

- . compounds. The EPA validutor then reviewed and validated all TCL data in the
sediment samples. Although many of these data results were not intended for use in
the CBS risk assessment, EPA's inclusion of these results does not substantially
change the risk results. In fact, using the RI/FS TCL data results in a tower risk
compared to using the TCL data collected by PADEP.
Bullet #4; The revised TCB/DCB river sediment data are from the CBS data set.
which did undergo EPA validation. The previous version had used the PADEP
TCB/DCB data.

\J Comment #3f: As reported previously, supporting documentation for some lead values could not
be located. These samples were analyzed in 1992 and the laboratory has since come
under new ownership. :

Comment #3h: Table C-9, CBS agrees that the original detection limits should be restored, as noted
by EPA. A revised Table C-9 is included. .
In addition, for the 56th bullet, information on non-verification of results was added
to the third paragraph on page 5-13 in the final risk assessment and not the fourth
paragraph, as indicated by EPA. A revised page 5-13 is attached.

Comment#3i: The infoî tion on ron-verification o
paragraph on page 5-13 in the final risk assessment and not the fourth paragraph, as
indicated by EPA. A revised page 5-13 is attached. . /
In addition, for sample R-l in Table C-10 (19th bullet), the EPA validator

• incorrectly transcribed the 2,3,7,8-TCDD concentration from the edited tab sheet to
the validator's summary sheet. Thus, the correct TEQ for R-l should be 0.0007,
which when averaged with the duplicate sample results in a TEQ for the RA of
0.0004ng/L A revised Table C-10 is attached. ' -• - ——----- -

Comment #7a,b: Total Petroleum Hydrocarbons (TPH) were deleted from Tables C-2 and C-3, is
noted by EPA. Revised Tables C-2 and C-3 are included.

••IR.JOU3U9'



Mr. Tordella
April 7,1998
Page 3

Comment #10: Information supporting the appropriateness of the lognormal assumption was added
to the second paragraph on page 3-6 in the final risk assessment and not the third
paragraph as noted by EPA. A revised page 3-6 is included.

Comment #lla: See Comment #3e..

Comment #1 Ig: 1,2-DCE was not on the PADEP approved Phase IB parameter list for this well The
concentration of 3300 ug/1 was reported when the lab was asked to provide full TCL
data in 1994 (2 years later). Other than the data summary sheet, provided in 1994,
no additional supporting data for this result is available. '

Comment #1 Ih: The exposure point concentrations for cadmium, lead in Tables 3-9 and D-9 have
been updated consistent with EPA comments. Revised tables are attached.

Comment #1 li: The exposure point concentrations for manganese and Aroclor 1260 in Tables 3-10
and D-10 have been updated consistent with EPA comments. Revised tables are
attached. -

Comment #25: The "Source" column in Table 3-22 was updated to read "5 days/year for 25 years".
A revised Table 3-22 is included. - .

Comment #38: Tables 4-7 and 4-8 have been noted to refer the reader to Appendix I. Revised
: tables are attached. <

' '
Comment #43: The second paragraph on page G-110 has been deleted. A revised page is

attached. ,

Comment #48: Tables H-37. H-38, H-53, H-54, H-55, H-56, H-72, and H-75 have been updated
in accordance with EPA comments. The revised tables are attached.

Comment # 49: Utility worker inhalation cancer risk and hazard has been updated in Tables 5- 1. H-
37 and H-38. In addition, all risk results reported in EPA's comments have been
updated in Section 5. Corrected tables as well as a revised Section 5 are attached.

Comment #50: See comment #49.

Comment #55: A rationale for the use of unfiltered groundwater samples has been added to Section
2.4.5. Revised pages 2- 16 and 2- 17 are attached. . .

Comment #61: The HHRA results for Bedrock groundwater indicate both incremental carcinogenic
risk and hazard index values above the NCP target range. Therefore, even though

' """"' ; the data utilized in the HHRA for bedrock groundwater are not thought to be
representative of aquifer conditions, bedrock groundwater will be addressed in the
Feasibility Study. As a minimum, additional sampling of the bedrock groundwater
will be undertaken in an effort to confirm conditions in bedrock aquifer and
accomplish resolution of this issue consistent with the provisions of the NCP.

" ' ' ' '
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Mr. Tordella
April 7, 1998
Page 4

Comment #65,67: Comment #65 was not addressed as it was deleted by PADEP. The concentration
of thecomponents of LNAPL shown in Table E- !b were calculated by dividing the
maximum Aroclor concentration in LNAPL as shown in the RI Table 4-6 and
dividing by an approximate LNAPL density of 0.91 mg/L. Table E-lb has beerf
revised to provide additional information regarding the calculation of Ci and Co.
The units ofug/L on Table E-3 have been changed to mg/L. The revised table E-3

' is also attached. . . .
'' • * ' ' i

Comment #87: This sentence was changed in the fourth paragraph on page 5-7. The revised page
, is attached. . , . _ ——--

Comment #88: This sentence was deleted from the second paragraph on page 5-14. The revised
page is attached.

j •. • ' .
New Comments on Added/Deleted Material '. ' . .

Bullet #1: The particle emission rate; Cp, calculated in Table 3-15 was used in Tables H-17 and
H-18. The value of Cp in Table 3-15 is 2.177 mg/m3. This value is rounded to 2

' , mg/m3 in Tables H-17 and H-18. However, this value is less than that calculated by
EPA for the same scenario (0.0822 mg/m3). Table 3-15 lias been revised to reflect
the rounding process and to introduce EPA's computed PM-10 concentration. In
addition, Tables H-17a and H-18a have been added, which calculated the
hypothetical risks using EPA's PM-10 concentration. Revised Table 3-15 and
Tables H-17a and H-iSa are attached.

Bullet #2: See response for bullet #1, above.

Bullet #3: The last sentence in the first paragraph on page 3-14 was revised to read "PCBs north
of the site have been reported to range from non-detect to 0.240 ppm; PCBs at and
downstream of Clark sewer outfall, Wishart outfall, and the Franklin Outfall have

: been reported to range from non-detect to 25 ppm, 0.82 to 13 ppm, and non-detect
to 4.1 ppm, respectively.'* Although EPA indicates that this correction should be
made to page 3-14, second paragraph, in the final version of the risk assessment, this
change was made to the first paragraph on page 3-14. The revised page is attached.

Bullet #5: This sentence was deleted from the third paragraph on page 5-13 of the final risk
assessment. The revised page is attached.

Review of the Air Modeling Portions of the Human Health Risk Assessment for the CBS Site*

Comment #1: EPA is correct in pointing out an error in the footnoted equation on Table E-lb in
comment l(b). However, the term pi was not used in a spreadsheet equation. The
correct term (Pv) was used to calculate the value of Co in the spreadsheet A revised
Table E-lb is attached.

•»R.*OU35I



Mr. TorUella
April 7,1998
PageS

EPA suggests that the term D/Lt has units of crnVm-sec', In fact, using the units
- information provided in Table E-3, it can be concluded that the term D/Lt has units V j

pf cm/sec. Thus, the emission rates calculated by ChemRisk are not-in error by a >»»«./
factor of 1 x 10"2 as suggested by EPA.

Finally, EPA is correct that a factor of 0.168 is incorrectly applied to the indoor
construction worker air calculations. The error arises from the use of an incorrect
ceiling height in the spreadsheet calculation. ChemRisk should have used a ceiling
height of 18.3 m; however, a value of 3.08 m was used. Therefore, the air
concentrations used to compute the inhalation risks to the hypothetical indoor
construction worker ore approximately six times greater than they should be. Table ^
E-3 has been revised and is attached. In addition, Tab les H-11 and H-12 have been
revised to use the corrected air concentrations from the revised Table E-3.

Comment #2: As pointed out in the above response, the units of D/Lt ore correctly reported in the
risk assessment as cm/sec. Therefore, the emission rates calculated by ChemRisk
are not in error by a factor of 1 x iO"2 as reported by EPA. Rather they are reported
correctly in Table E-4. It should be noted, however, that although Table E-4
reported correctly computed air concentrations, they were not correctly reported in
risk tables H-17 and H-18. These tables have been revised to correct this error. In
addition, EPA has calculated alternative air concentrations for this scenario. The'
EPA computed values have been added to Table E-4 and are used to compute
alternative risk values in Tables H-17a and H-18& *

Comment # 8 Table 3-19 was revised to include a corrected derivation of the factor EF and to
include EPA's PM-10 concentration estimate. Tables H-37 and H-38 have also been (
revised to reflect the corrected EF value. In addition, risk tables H-37a and H-38a
have been added to reflect the risks associated with EPA's computed PM-10 values.

Summary of Comparative Risks . '.

In addition to addressing specific points raised by EPA, CBS and ChemRisk believe that it is beneficial
to present summary risks tabulated by ChemRisk together with EPA's to ascertain the ultimate effect
of each set of results. The attached table shows cumulative carcinogenic and noncarcinogenic risk
estimates as compiled by CBS and EPA. This table replaces Table 5-1 of the Risk Assessment Report
Below is a summary analysis of the comparative results:

• Both EPA and ChemRisk conclude that vapor inhalation in the Middle Building exceeds NCP target
cancer and noncancer risk benchmarks. CBS is working with PADEP and EPA on implementing
a pilot remediation program to decontaminate impacted building surfaces that are thought to be a
source of indoor air contamination in the Middle Building, as many of the constituents in air were
not measured in underlying groundwater. Full-scale, interior decontamination will proceed after
evaluation of the Pilot Study results. > *
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Mr. Tordella
April?, 1998
Pageo"

* Both EPA and ChemRisk conclude that the dust and vapor inhalation exposure pathway for the
hypothetical Indoor and Outdoor Construction Worker results in noncancer risk beyond the NCP
"target range.

• EPA concludes that hypothetical unrestricted worker access to the Moat would result in excess
(unacceptable) carcinogenic and noncarcinogenic risk. EPA and ChemRisk's analyses of restricted
access exposures (including a worker and child and adult trespasser), which are in keeping with
both baseline, present, and likely future use of this land, did not result in unacceptable risks for
these receptor populations. Current access restrictions are mandated as a requirement of the RI/FS
consent agreement.i . •" •

* Both EPA and ChemRisk calculations indicate that the railroad right-of-way surface concentrations
of site chemicals of potential concern (COPC) exceed the target cancer and noncancer risk ranges
for the hypothetical child and adolescent trespassers. •

• Groundwater was estimated by EPA and ChemRisk to pose a hypothetical health risk beyond the
NCP target range, assuming consumption, showering, and inhalation of vapors occurred on a long-
term basis. /

Given CBS's decision to include evaluation of the worker unrestricted access scenario for the Moat in
the FS, it appears that PADEP, EPA, and CBS are now in complete concurrence with the results of the
Human Health Risk Assessment as they effect the selection of site media for remedial alternatives
.evaluation in the FS. : •

Included as attachments to this letter ore revisions to the Table of Contents, Section 1.0 (Introduction),
Section 6.0 (Summary and Conclusions) and new Appendix I (EPA review comments dated 2/3/98 and
this response letter prepared by ChemRisk on behalf of CBS). Also included are the tables and text
modifications referred to herein. It is our belief that incorporation of these inserts into the November
1997 Risk Assessment Report will fulfill EPA requirements for the baseline risk assessment.

Sincerely,

Mark C. Maritato
Senior Health Scientist

cc: Vie Janosik
Jennifer Hubbard
Gordon Taylor
Pat O'Hora
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Pennsylvania Department of Environmental Protection ;
230 Chestnut Street

Meadville, PA 16335-3481
February 10,1998 ,

Northwest Regional Office r.:.--̂  ..... 814-332-6648
' " F a x : 8 1 4 - 3 3 2 - 6 1 2 1

Mr. Gordon Taylor
Westinghouse Electric Corporation
1525 Westinghouse Building
Pittsburgh, PA 15222 -

RE: Westinghouse Electric (Sharon Plant) Site
November 26,1997 Revised Baseline Human Health Risk Assessment

Dear Mr. Taylor .

Enclosed please find the comments prepared by the US EPA lexicologist, Jennifer Hubbard,
concerning the November 26,1997 Revised Human Health Risk Assessment Report ("Risk
Assessment**) for the Sharon Transformer NPL Site. Also, enclosed are comments on the air modeling
portions of the Risk Assessment (see comment Nos. 65 and 66 of J. Hubbards review), which were
prepared by Patricia Flores, EPA Air Modeler.

Please revise the Risk Assessment to address these comments and submit the revised Risk
Assessment within thirty (30) days of receipt of this letter. .

As usual, if you have any questions, please give me a call.

Sincerely,

Charles L. Tordella
• • , Project Manager

Environmental Cleanup
CLTyb . {

Enclosure

cc: Mr. Janosik
Ms. Stainbrook

" • " • TAn Equal Opportunity/Affimwtive Action Employer • http://vvww.dep.sut<ipDjs''J T] K O C I. Printed on Recycled Paper <



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION III

841 Chestnut Building
Philadelphia, Pennsylvania 19107

SUBJECT: Review of Westinghouse Sharon Revised DATE; 2/3/93
Draft Risk Assessment . '• v

FROM: Jennifer Hubbard, Toxicologist
Technical Support Section (3HS41J

TO: vie Janosik, RPM
Western PA Remedial Section <(3HS22)

, The above document^ has been reviewed.- Portions of this
document were also referred to other EPA, personnel; for example,
the air modeling portions were reviewed by an air modeling
expert. ' . . - . . ' " . • ' ' . •

Comments that were satisfactorily addressed are not - " '
discussed below; they are considered to be resolved. Comment'
numbers, below, refer to comments as numbered in my original
7/16/97 review. "Westinghouse's .response" refers to the 11/26/97
letter to Charles Tordella of PADEP, which included responses to
most of the risk assessment comments.. ' . , ' ' . • • - ' ' ' . ' ' 'i. . , • ' . • , • • " ' i

The discussion of previous comments is followed by a
discussion of any new issues, that arose as a result of additions
to or deletions from the previous draft report.

. DATA QUALITY

2. Westinghouse stated, in their .comment response, that "PADEP
data would be used except in cases where data obtained and,
.validated by Westinghouse were available for the same,
Compound.11 Westinghouse data were added, but not for all
chemicals. For example, PADEP benzo[a]pyrene data were used
even though validated Westinghouse data for benzo[a]pyrene
were available. ,

Also, Westinghouse used only data from locations SD-11A, SD-
11B, SD-12A, SD.-13A, SD-14A, SD-14AD, SD-15A, and SD-16A.
Additional validated data from other river sediment
locations are available. ,

The source of the new trichlorobenzene and dichlorobenzene
for these river sediment locations is also not clear; EPA
did hot appear to have these data.

The consequences of the resulting discrepancies are '
discussed in Comments 3e, 7e, and 1la, as well as the
discussion of the river sediment risks.

1 Celebrating 25 Years of Environmental Progress



3. Appendix C;

Some discrepancies between the reported data set and the EP
CRL evaluation .occurred. Discrepancies that were not
corrected include: .

c) Table C-4," 12th bullet':- Phenols, in TB-7,S-2 should.be
rejected, R. This should include all phenolic

' compounds/not just phenol itself. However, this does
not change the . COPCs .

Also on this table, antimony in TB-8,S-3 and TB-8,S-4
should be J rather than R. However, this does not
affect the COPC selection.

e) Table C-6, 1st bullet: The values shown on this table
were from the unvalidated PADEP data set. For
validated Westinghouse data, see the CRL data reviews.

Westinghouse data were used for some chemicals, but not
for 1,1,2,2-PCA, 1,1,2-TCA, 1,2-DCA, 1,2-DCE, 1,2- '
dichloropropane, 2-hexanone, 4-methyl-2-pentanone,
acetone, benzene, bromodichloromethane, bromoform,
bromome thane, carbon disulfide, carbon tetrachloride,
chloroethane, chloroform, chloromethane, cis-1,3- :
dichloropropene, dibromochloromethana, ethylbenzene,
methylene chloride, styrene, PCE, trans-1, 3-
dichloropropene, vinyl acetate, vinyl chlroide,
semivolatilea, and pesticides. v

The result for Aroclor 1260 in SD-12A should be 4000 J

The source of tha new trichlorobenzene and
dichlprobenzena results for these river sediment
locations is also not clear; EPA did not appear to have
thesa data. • ' f

Also, Westinghouse used *only data from locations SD-
11A, SD-11B, SD-12A, SD-13A, SD-14A, SD-14AD, SD-15A,
and SD-16A. Additional validated data from other river
sediment locations are available.

/ ' • . '
fi Tabla C-7/ 2nd bullet: The lead values for SW-5, 7/29;

$W-7; arid SW-9, 7/29 could not ba confirmed; supporting
' data were not submitted in the comment response
package. ,

g) Tabla C-3: Westinghouse 's response refers to changes
in samples M-15 and M- 17. Thesa actually refer to
Table C-9, not C-8, and are discussed under item 3h,

2



directly below,
1 ' • ~ • i • ' •.. '' <

h) Table C-9, 1st bullet: The original comment was partly
in error and is withdrawn in part, as follows. Benzene
in M-5 and MW-16B should not be flagged B. •
Westinghouse correctly did not apply the B to M-5, but
the^B on MW-16B should be removed. . • -* • • . . " ' • . 1 . • . . ' ,
Table C-9, 15th bullet: The reported detection limits
for 2-butanone in M-14 should be 10 ug/1; this change
was omitted.

; Table C-9, 18th bullet: The reported detection-limits
for trichloroethene in S-12R should be 20 ug/1; this
change,was omitted.

Table C-9, 24th bullet: Westinghouse made the changes
to M-l, but omitted the following changes to M-15:
Pesticide/PCB results should not be NA, but detection
limits should be reported as follows:

500 ug/1 for aldrin, the BHCs, alpha-chlordane,
.endosulfan I, gamma-chlordane, heptachlor,
heptachlor epoxide;
1000 ug/,1 for the DDX compounds, dieldrin,
endosulfan II, endosulfan sulfate, endrin, endrin
aldehyde, endrin ketone;
5000 ug/1 for methoxychlor; x.

. 10000 ug/1 for Aroclor 1016, Aroclor 1232;
20000 ug/1 for Aroclor 1221;
50000 ug/1 for toxaphene. , ,

Table C-9, 29th bullet: Westinghouse's response to
comment 3g, above, refers 'to' changes in samples M-15
and M-17. These actually refer to Table C-9, not C-8,
and are discussed herein. The changes appear to be
appropriate except the reference to.PCBs in sample M-

^17. EPA's copy of the Form I data sheet for this
sample shows detection limits of 50, 500, and 5000 ug/1
rather than-500, 5000, and 50000 ug/1. (These
detection limits were reflected in EPA's original
comment, here at the 29th bullet of comment 3h.)
Westinghouse•is requested to restore the original

. detection limits or provide the background information
for raising the detection limits.

Table C-9, 56th bullet: Except for manganese and
cyanide, inorganic results and detection limits for M-

, 15 were not verified because of difficulty obtaining
supporting data. This information should be added to
page 5-13, 4th paragraph.

i) Table C-10, ist'bullet: the reported results and



detection limits for certain VOCs in M-9,'M-11B,'S-IB,
S-2B, S-8B, N-2B, N-3B, N-6B, and N-7B could riot be
verified because supporting data were not found. This
information should be added to page 5-13, 4th

, paragraph. , ,

/Table C-10, 13th bullet: August 1994 inorganic results
are available for cyanide (10 ug/1) .in S-IB, but were
omitted. , . . , - , .
Table C-10, X19th bullet: Westinghouse is correct that
M-9 TCDD TEQs should be 0.0012 ng/1, However, the R-l
concentration was derived by averaging the results for
R-V (0.007 ng/1) and R-1D (O.OOOi; ng/1), and therefore
should be 0.00355 ng/1, as in the original comment.
Also, the result for S-8B was obscured on the table,
but should be 0.00057 ng/1, as in the original comment.

COPC SCREENING , \

6. One relevant phrase was missed. Delete Section 2.4.5, 4th-.
5th line, the phrase, "and also to available federal and
state MCLs." . • -\ / .

7. Appendix C: .

a) Table C-2: The 1,1,1-trichloroethane RBC should be
160000 ug/kg. .However, this doe's not affect the final
COPC selection. The 2-hexanone RBC on this table
should be 31000,0, not 310, ug/kg. However, this does
not affect the final COPC selection. It is still not
clear why Total Petroleum Hydrocarbons (TPH) were
selected as a COPC or what criteria could be used to
evaluate TPH risk, ,

b) Table C-3: The 1,1,1-trichloroethane RBC should be
160000 ug/kg'. However, this does not affect the final
COPC selection. The 2-hexanone RBC on this table
should be 310000, not 310, ug/kg. However, this does
not affect the final COPC selection. It is still not
clear why Total Petroleum Hydrocarbons (TPH) were
.selected as a COPC or what criteria could be used to
evaluate TPH risk. The cyanide RBC should be 160
mg/kg, not 1600000 ug/1. However, this does not affect
the final COPC selection.

c) Table C-4: The 1,1,1-trichloroethane RBC should be*
4100000 ug/kg. However, this does not affect the final
COPC selection. The 2-hexanone RBC on this table
should be 8200000, not 8200, ug/kg. However, this does
not affect the final COPC selection.

d) Table C-5: The 1,1,1-trichloroethane RBC should be

R



: , 4100000, ug/kg. However, this does not affect the final
COPC selection. The 2-hexanone RBC on this, table -
should be 820000Q, not 8200, ug/kg... However, this does
not affect the final COPC selection.

e) Table C-6: For the Westinghouse vs. PADEP data set
issue, see Comment,2, above. .However, as' stated in
original EPA comment 49, the cancer risks using
Westinghouse data would be about the same as those
using the PADEP data, and His from the Westinghouse

i , data would be lower than those from the PADEP data.

f) Table C-8: The RBC for 1,1,1-trichloroethane should be
. 54 ug/1. However, .this does not affect the final COPC

.selection. The PCB RBC should be 0.03 ug/1; the source
. of 0.0087 ug/1 is not clear. However, this does not
change the final COPC selection. The cyanide RBC
should be. 73 ug/1. However, this does not affect the
final COPC selection.

g) Table C-9: The RBC for 1,1,1-trichloroethane should be
54 ug/1. However, this does not change the final COPC
selection. The PCB RBC should be 0.03 ug/1; the source

.of 0.0087 ug/1 is not clear. However, this does not
change the final COPC selection. The cyanide RBC
should be 73 ug/1. However, this does not change the
final COPC selection. <

. * - • ' . ' • ' • ' , • •
h) ' Table C-10: The RBC for 1,1,1-trichloroethane should'^
> be 54 ug/1. ' However, this does not change the final

COPC selection. The methylmercury RBC should be
0.00037 mg/1. However, this does not change the final
COPC selection. The cyanide RBC should be 73 ug/1. .
However, this does not change the final COPC selection.

8. The basis for the PADEP. surface water criteria was added.
For completeness, add to Section 214.4, "For a discussion of
river surface water and RBCs, see Section 2.2.1."

•"•'•.'••• • ; •' EPCS • " ' ' .' •

10. This report used an assumption1 of lognormality for all'data
sets. .This assumption should have been supported by
distributional tests but was not. EPA found that this
assumption was acceptable for the Westinghouse data'sets by
.testing with the Wilk-Shapiro test. The report should •
include information supporting the appropriateness of the
lognormal assumption for this site, such as on page 3-6,
after the 3rd paragraph. EPA's evaluation is repeated
below, if sample wording is.needed:
"Some of the data sets could be considered normal. However,
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when using the Wilk-Shapiro test at alpha - 0.05, most data
sets were confirmed to be lognormal. For, data sets where
normality had a higher W than lognormality, the lognormal
assumption still passed the W test at alpha » 0.05 (except
in one case: arsenic in bedrock groundwater). For data set

. where neither the normal nor lognormal values passed at
alpha.- 0.05, the lognormal W was typically higher (i.e.,
was a better fit) than the normal W. Therefore, the
lognormal assumption is acceptable for the data sets. This
assumption is also expected to make little difference in the
overall risks, based on a brief assessment of the use of
normal upper confidence limits (UCLs) for southern
groundwater data (risks were the same as or within an order
of magnitude of the risks based'on lognormal UCLs)."

11. a) Table 3-2 and Table D-2: .' .

See also Comment 2. Under the current circumstances,,
Westinghouse used mostly the PADEP data, but
Westinghouse data for PCBs and lead. EPA verified the
EPCs that would be derived using the PADEP data,
although different EPCs could be derived using the
available Westinghouse data (however, see Comment 48'
for the ultimate outcome of the two data sets).

EPA did not obtain the same EPC for Aroclor 1260 and
lead, however, that appear on Tables D-2 and 3-2, using
Westinghouse data-. This is apparently due to
Westinghouse's use of only samples SD-11A through
SD16A. If the full complement of downstream samples
were used, the EPC for Aroclor 1260 would be 25000
ug/kg, and for lead would be 1500 mg/kg. (Using the .
unvalidated PADEP data, the EPC, for Aroclor 1260 would '
be 4700 ug/kg. Obviously, there is considerable
variation.) The table should be footnoted, or this
information should be added to the river assessment
discussion. (This lead result also affects page 5-8,
3rd paragraph.) .

g) Tables 3-8 and D-8: EPA could not. find the supporting
data or information, for the reported detection of 1,2-
DCE at 3300 E ug/1 in S-10. (Furthermore, the E
indicates that the concentration is an estimate because
it exceeded the range determined by the standards; it

s should have been diluted and reanalyzed.) Therefore,
EPA used the next highest concentration, 560 ug/1, in
its original confirmation check. With the result of
3300, the risks are five-fold higher for this chemical.

- • ' . •
h) Tables 3-9 and D-9:

The discrepancies in the aluminum and zinc EPCs is due



to the inclusion or exclusion of sample M-15, whose
results could not be verified: (Westinghouse included
the data.) Still, the EPCs, while noticeably
different, are not vastly different (less than a factor
of 2). The cadmium EPC should be 0-0674 mg/1; R data
was incorrectly included in Westinghouse's calculation

..,..• (see Comment 12). The'lead EPC should.be 0̂ 692 mg/1; a
transcription error on Table D-9 led to this~Tbeing—--
erroneously listed as 0.0692 mg/1 (the sample in
question is N-l). As noted previously, the benzene

; result in MW-16B should not be B, but this does not
appear to affect the EPC. As noted previously, the TCE
detection limit should be 20 ug/1 in S-12R, but this
does not appear to significantly affect-the EPC, _L

i) Tables 3-10 and D-10:

, The EPC for Aroclor 1260 should be 3.6 ug/1; Tables 3-
10 and D-10 used the wrong n (should be 12. instead of
11). The EPC for manganese should be 0.133 mg/1.
Tables 3-10 and D-10 apparently used the wrong value
for S-6B, which should be 0.0066 K rather than .0.0066 B
(and therefore should not be halved for the UCL
calculation). Since the lognormal UCL exceeds the
maximum positive concentration, the maximum of 0.133
mg/1 should be used. See Comment 3i, above: the TCDD
EPC should be 0.0035 ng/1.

12. EPA-requested, that the report clarify how B and R data were
handled. This explanation was added. However, the stated
approach to R data is inappropriate. Because R data are
rejected, they are hot suited for any data use, either

-. qualitatively or quantitatively, to confirm or rule out a
chemical's presence. They should be removed from the data
set, not treated as detection limits as on page 3-6.

This also, affects Tables 3-7, D-7, 3-9, D-9, 3-10, D-10. ',
i • . . - * •

. f EXPOSURE ASSESSMENT , ——-

20. The indoor worker skin fraction exposed was made consistent
with the 22% value -everywhere except on page 3-46, 1st
paragraph, where it should also be changed to 0.22.> • * . . . '

25. In,changing Table 3-22-from 7 to 5 days/yr, the risk
". assessor neglected the rational in the "Source" column, •

which reads "1/mo, 7 months." The terms should be
reconciled.
I : - . ' • • • - ' .

' . . - " " . TOXICITY ASSESSMENT • „

34. Table 4-2: Nickel is not a carcinogen via the oral route.



Westinghouse did not add chemicals to these tables if the
chemicals were only found above RBCs in Westinghouse river
data. This is sufficient if the existence of these data is :
acknowledged elsewhere, as it is in Sections 2.2.1 and 5. f j
Sea also Comments 2 and 48 for discussion of river risks. \»«X

35. Table 4-3:
• . . i ' - -

b), c),. e), f) See Comment 34, above, for conclusions •••',.
relevant to benzo [k] fluoranthene, heptachlor» aldrin, and
chloroform. . ,

h) , The inhalation CSF for TCDD is 1.5E5 per mg/kg/day.

i) Bis(2-ethylhexyl)phthalate has a provisional inhalation
.CSF of 1.4E-2 per mg'/kg/day.

36. Table 4-5: '

j), k) See Comment 34, above, for conclusions relevant to
heptachlor and aldrin.

o) 1,1,1-trichloroethane has a provisional oral RfD of 2E-
2 mg/kg/day. This has existed since August 1996. .

37. Table 4-6:

a) There is a provisional inhalation RfD of 1.4E-3
mg/kg/day for 1,2-dichloroethane.,

c) Westingrhouse's response stated that the mercury RfC is "̂̂
3E-4 and not 8.6E-5. Indeed, this is the RfC, in units
of mg/m*. However, the 8.6E-5 mg/kg/day value is the
inhalation RfD derived from the RfC. Westinghouse did
use the 8.6E-5 mg/kg/day RfD appropriately on Table 4-
6, so no corrections are required. •

a) The chromium inhalation RfD of 5.7E-7 mg/kg/day was
added to the table. The chromium inhalation value has
been further updated, with IE-7 mg/kg/day (10 times
less than the provisional subchronic RfD) now being
recommended by NCEA. This would mainly impact only
Tables H-40 and 5-1 for the railroad ROW maintenance
worker inhalation pathway.- However, the new RfD would
not cause the HI to exceed 1.

38. Tables 4-7 and 4-8: . .

Again, these tables attempt to combine two different
concepts into one factor. The result, in the dermal column,
is a mixture of dermal ABS and oral-to-dermal adjustment
factors. For example, factors such as 0.032 for arsenic and



0.03 for VOCs are dermal absorption factors for soil (used
to adjust the intake), while 0.27 for aluminum is an oral-
to-dermal adjustment factor (used to adjust the Rfp).

The difficulty in trying to cover both bases in one factor
for two different exposure routes (inhalation, which is
calculated separately,, is not addressed in this comment) is
seen by the example of arsenic. Arsenic has ̂dermal
absorption factor of 0.032 from soil;, and therefore 'the ~ ' -
dermal dose incorporates this factor. However, the toxicity
factor, which is orally based, incorporates an approximate

, oral absorption of probably 0.95. Rfps would be adjusted by
multiplying the RfD by 0.95; CSFs would be adjusted by
dividing the CSF by 0.95. The relative absorption factors
would then be'l for oral exposure (0.95/0.95), but would
involve both Ow032 and 0.95 for dermal exposure, with
multiplication and division as appropriate for non-cancer or

. cancer routes. (Technically, as small an adjustment as.0.95
is not recommended and should be rounded to 1, but the
example is used for illustration.) For dermal exposures
from water, the RfD and CSF would still be adjusted for
oral-to-dermal exposure, but instead of using a dermal
absorption factor, the Kp and its related values are used to
estimate the dermal intake for that route.

Therefore, the values shown in Table 4-8 may not be
appropriate, depending upon, their use in Appendix H. It is
recommended that absorption factors and oral-to-dermal
adjustment factors be separated, to avoid this confusion.,
Attachment 1 to this memo specifically outlines this for the.
Westinghouse site. The impact upon risks in Appendix H is
discussed below in Comment 48. ' /

The suggested values for 1,2-dichloroethane, 1,1-
dichloroethene, and 1,2-dichloroethene were added to the
table, but the old values were not removed. The TCDD factor
does not appear to be appropriate, as noted before. • .
Groundwater COPCs were not included. Also, the carcinogenic
PAHs should, not be evaluated by the oral-to-dermal method,'
since they are believed to act at the point of contact for
dermal carcinogenicity. These:issues are also rectified in
Attachment 1.

39. Table 4-9: . , ' •--,.._

e), g), j), m) See Comment 34, above, for conclusions
relevant to benzo[kjfluoranthene, heptachlor, aldrin, and
chloroform. , v
h) The dibenz[a,h}anthracene Kp should be 2.7 cm/hr; in

spite of the response, this was not added to rthe table,.
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k) Westinghouse did not add chemicals to these tables if
the chemicals were only found above RBCs in residential
soil, as with chlordane. This is sufficient if the
existence of these data is acknowledged elsewhere, as
it is in Section 2.

43. Appendix G, chemicals not updated include:

Page G-2, the inhalation CSF for 1,1-DCE is 1.75E-1 per
mg/kg/day based on the IRIS unit risk. (The inhalation CSF
that appears on IRIS is incorrect, according to the .IRIS
toxicologist and a comparison with the unit risk.) It
appears that the correct CSF of 1.7SE-1 was used in all the
calculations.

Page G-7, the provisional inhalation RfD for 1,2-
dichlorobenzene is now 9E-3 mg/kg/day. .(This also affects
Table 4-6.) ." . ;' •

' Page G-2 5, the provisional oral RfD for 1,3-dichlorobenzene
is now 3E-2 mg/kg/day and the provisional inhalation RfD is
now 2E-3 mg/kg/day.- (This also affects Tables 4-5 and 4-6.)

Page G*29, the provisional oral; RfD for 1,4-dichlorobenzene
is now 3E-2 mg/kg/day. (This also affects Table 4-5.)

Page 0-30, the provisional inhalation RfD for aluminum is
IE-3 mg/kg/day. {This also affects Tabla 4-6.) *

" ' ' ' ' ' : ': 'Page G-69, 'the provisional inhalation RfD for chromium is ,
now IE-7 mg/kg/day. (This also affects table 4-6.)

Page G-112: Delete the second paragraph, which was • •
superseded by the new shaded section. ~

Page G-120, the provisional inhalation CSF for
benzo [a] pyrene is 3.1 per mg/kg/day. (Also affects Table 4-
3 for the carcinogenic PAHs) .

Page G-124, the provisional inhalation RfD for PCS is now
1.4S-1 mg/kg/day. (This also affects Table 4-6.)

Page G-149, the provisional oral RfD for 1,1,1-TCA is now
2E-2 mg/kg/day.

Page G-157> the oral RfD for methylmercury is IE-4
mg/kg/day. It appears that the correct RfD was used in the
calculations. -

RISK CHARACTERIZATION

10



47. EPA's showering evaluation using the Foster and Chrostowski
. model showed that the McKone and .Bogen inhalation risk
estimates were very near* those of the Foster and Chrostowski
model for cancer risk (less than an order of magnitude below
the Foster and Chrostowski estimates) but were often two
orders of magnitude below the Foster and Chrostowski-based '
hazard indices. The major difference appears to be-that the
risk assessment did not evaluate inhalation risks for di- ~:
and tri-. chlorinated benzenes, which are semi volatile but
may evaporate, especially when heated. In any case, both
shower models result in risks above the NCP risk rang.*.

Attachment 2 contains a- comparison of results using the two
shower models.

48. Calculations in Appendix H were to be adjusted in response
to comments. Discrepancies and their consequences are
listed below. This time," each specific instance is listed

. separately: •

Tables H-l and H-2: If the full Westinghouse data set were
used for Aroclor 126(5 and lead, their respective EPCs would
be 8 and 2 times higher. However, the overall "PADEP"
cancer risk and HI would not change. (Using all validated
Westinghouse data, the cancer risk would be 8E-6 and the HI
would be 6E-3.)

Table H-3: As stated in original comment 38, the dermal
cancer risks for PAHs should not be quantitated based on the
oral CSFs, since these compounds appear to act locally. As
per Attachment 1, the beryllium AfiS should be 0.01 and the
dermal CSF should be 430, for a beryllium cancer .risk of 2E-
6. If the full Westinghouse data set were used for Aroclor
1260 and lead, their respective EPCs would be 8 and 2 times
higher. With this and the other adjustments, the "PADEP"

: cancer risk of 2E-6 would be approximately 3E-6 to 4E-6.
(Using all validated Westinghouse data, the cancer 'risk
would be 2E-6.) ,

" ~'' ' . • • *
Table H-4: If the full Westinghouse data set were used' for .
Aroclor 1260 and lead, their respective EPCs would be 8 and
2 times higher* However, the overall "PADEP" Hi would not
change for that reason.. As per Attachment 1, the ABS for ;
beryllium and manganese should be 0.01, with RfDs adjusted
so that the dermal RfDs would be as follows: aluminum,. 2.7E-
1; antimony, 4E-5; beryllium, 5E-5; cadmium, 2.5E-5;
chromium,. 5E-5; vanadium,' IE-4; zinc, 7.5E-2. The HI would
then be 0.5. (Using all validated Westinghouse data, the JU
would be 0.004.) fj^
Table H-6: The tetrachloroethene RfD 'should be 1.4E-1, for

i an HQ of 5E-3. However, this does not change the overall HIi' ' ' • .
11- " --. • • . - ' . ' • • . . 1 . ' • ' ' ' . '
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Of 1.7.

Table H-7: As per Attachment 1,-the beryllium ABS should be
0.01 and the dermal CSF should be 430/ foz: a beryllium
cancer risk of 4E-7. The total Cancer risk would then be 6E
r* ' "" " \ • ' " . . " ' •• ' ' • '• '•
Table H-8: As per Attachment 1, the ABS far beryllium and
manganese should be 0.01, with RfDs adjusted so that the
dermal RfDs would be as follows: beryllium, 5E-5. The total
HI would then be 6E-2.

Tables H-ll and »H-12: According to the EPA air modeler,, the
Cvs for Aroclor 1242 and the Cvg for the other Aroclors were
incorrect. (Furthermore, the Cvg values that are shown on
this table do not match the tables Appendix E, so it is not
clear where they came from.) When these changes are made,
the total cancer risk is 4E-7 rather than 5E-7. However, no
impact is seen on the HI of 7.7, which was due solely to
manganese . ' . / / . '

Table H-13: As per Attachment 1, the beryllium ABS should be
0.01 and the dermal CSF should be 430, for a beryllium
cancer risk of 5E-7. The total cancer risk would then be 8E-7. •. . ',-'•-••. • , : , • . '

- • '•• • . . .
Table H-14: As per Attachment 1, the ASS for beryllium and
manganese should be 0.01, with RfDs adjusted so that the . -
dermal RfDs would be as follows: beryllium, 5E-5. The total
HI would then be 0.2. \

Tables H-15 and H-16: The IgRF values do not appear to have
been adjusted to the recommended value of 1 for beryllium,
iron, and manganese. While the beryllium cancer risk should
therefore be 8S-8, the overall cancer risk of IE-6 does not
.change. The total HI should therefore be 0.7.

Tables H-17 and H-18: While the Cvg numbers do not match
those in Appendix E, they do match the Tscreen numbers
generated by the EPA air modeler and are believed to be
correct. However, the value for 1,2-DCE may be biased high
since it was driven by, a high "E"-f lagged result in
groundwter. The Cvg for TCDD should be 2.3E-15 (an
incorrect concentration for this appears in Table E-29, and
tha whole compound was crossed out on Tables H-17 and H-18) .
The Cvg and Cva values appear to be based on hourly rates;
annual averages (which are usually preferred for long-term
risk assessment) would be lower. The Cvs values appeared 'to
be in error, based on the EPA air modeler's review. If the
trend of using hourly rates is continued, tha Cvs for
acenaphthylena should be 2.3E-5, for benzo Cg,h,i]perylene
should be 3.5E-9, for phenanthrene should be 1.4E-4, for

iR
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Aroclor 1242 could be up to 3.6E-4, for Aroclor 1254 should
be 4.2E-4, and for Aroclor 1260 /should be 2E-4. The
inhalation CSE for TCDD should be 1.5E5. However, none of
these numbers significantly change .che total cancer risk of
5E-6. The RfDs should be as follows: 1,2-DCA, 1.4E-3; PCE
1.4E-1; 1,3-DCB, 2E-3; 1,2-DCB, 9E-3. However/ these
factors do not significantly change the-totaJUKI of
approximately 9.2. ' . . -̂ _—-~~_'—-

Table H-19: As stated.in original comment 38, the dermal
cancer risks for'PAHs should not be quantitated based on the
oral CSFs, since these compounds appear to act locally. As
per Attachment 1, the ABS values for dieldrin, beryllium,
and manganese should be 0.1, 0.01, and 0.01, respectively. -
The beryllium dermal CSF should be 430. However, none of ~
these changes significantly impact the total cancer risk pf
2E-6.

Table H-20: As per Attachment 1,. the ABS values for
dieldrin, beryllium, and manganese should be 0.1, 0.01, and
0.01, respectively, with RfDs adjusted so that the dermal
RfDs would be as follows: aluminum, 2.7E-1; beryllium, 5E-5;
cadmium, 2.5E-5; mercury, 1.5E-5. However, the total HI of
0.04 would not be significantly impacted.

Table H-23: The benzo [a] pyrene inhalation CSF should be 3.1,
but that does not significantly change the total cancer risk
of 4E-10. ;

Tables H-2S and 'H-27: As per Attachment 1, the ABS values
for dieldrin,: beryllium and manganese should be 0.1, 0.01,
and 0.01, respectively. The beryllium dermal CSF should be
430. However, the overall cancer risk of 5E-7 does not
change significantly.;

Tables H-26 and H-28: As per Attachment 1, the ABS values
for dieldrin; beryllium, and manganese should be O.vl, 0.01,
and 0.01, respectively, with RfDs adjusted so that the
dermal RfDs would be as follows: aluminum, 2•7E-1;
beryllium, 5E-5; cadmium, 2.5TS-5; mercury, 1.5E-5. However,
the, total HI of 0.04 would not be significantly impacted.

Tables .H-29 and H-30: The IgRF for; manganese and mercury
does not match that of the other metals. It appears that•>'-"
these numbers should have been applied to the ROA column
.instead, so the IgRF should be 0.5 and the ROA 1.0.
However, the total cancer risk of 2E-6 does not change, nor
does the total HI of 0.15 change significantly.

Table H-33: As stated in original comment 38, the,dermal —
cancer risks for PAHs should not be quantitated based on the
oral CSFs, since these compounds appear to act locally. -As

iR.il)i4367



per Attachment 1, the ABS value for beryllium should be
0.01. The beryllium dermal CSF should be 430. However,
none of these changes significantly impact the total cancer-
risk of 3E-7. i J

Table H-34: As per Attachment 1, the ABS for beryllium
should be ,6.01, with the RfD adjusted so that the dermal RfD
would be,as follows: beryllium, 5E-5. The total HI would
then be 5E-5, not a great change from 4E-5.

^ •

Table H-36: The arsenic RfD should not have been crossed
out; the HQ should be 3E-4, and the total HI -should be 3E-4.

Tables H-37 and* H-38: The equation at the top of this table
does not match the factors that are shown on the table {for
example, PEF vs. Cp) . EPA believes the Cp should also be
1.3 (hourly) or 0.1 (annual) (see EPA air modeler's review).
The PAH CSFs should also be updated. Because of the
uncertainties, the cancer risk and HI could not be verified.
(Also affected by Table 3-19.)

Table H-39: The PAH CSFs should be updated. The TCDD.CSF
should be 1..SE5. However, these changes do hot greatly *
affect the total cancer risk of 8E-10.

Table H-40: The dieldrin RfD is oral. New provisional RfDs
for aluminum and chromium inhalation are IE-3 and IE-7,
respectively. Using'these new factors, the cancer risk (due
to chromium) would be 3E-4. • ' '. - . ' . . • • • • • • . - • •
Table H-41: As stated in original comment 38, the dermal
cancer risks, for PAHs should not be quantitated based on the
oral CSFs, since these compounds appear to act locally. As
per Attachment 1, the ABS values for beryllium and manganese
should be 0.01. The beryllium dermal CSF should be 430.
However, none of these changes significantly impact the
total cancer risk of 3E-6. • - .

Table H-42: A3 per Attachment l, the ABS values for
beryllium and manganese should be 6.01, with RfDs adjusted
so that tha dermal RfDs would be as follows: aluminum, 2.7E-
1; antimony, 4E-5; beryllium, 5E-5; cadmium, 2.5E-5;
chromium, 5E-5; copper, 2E-2; mercury, 1.5E-5; zinc, 7.5E-2.
However, the total HI of 0.08 would not be significantly
impacted. x _ .

Table H-49; As stated in original comment 38, the dermal
cancer risks for PAHs should not be quantitated based on the
oral CSFs, sinca these compounds 'appear to act locally.
There is a stray risk of "2E-05" just above the TCDD risk
that does .not appear to belong. As per Attachment. 1, the
ABS values for beryllium, manganese and mercury should be

14



,0.01. The beryllium dermal CSF should be 430. The total
cancer risk should therefore be 2E-5 rather than 5E-5.

Table H-50:-As per Attachment 1, the ABS values for -
beryllium, mercury and manganese should be 0.01, with RfDs
adjusted so that the dermal Rfps would be as follows: '
aluminum, 2.7E-1; antimony, 4E-5; beryllium, 5E-5; cadmium,
2.5E-S; chromium, 5JB-5; copper, 2E-2; mercury,--̂ ,5Ê ?.; zinc,
7.SE-2. However, the total HI of 2.5 would not be ""'——'—
significantly impacted. . ' * ' . . , ' - '

Table H-S1: As stated in original comment 38, the dermal
cancer risks for PAHs should not be quantitated based on the
oral CSFs, since these compounds appear to act locally. As
per Attachment 1, the ABS values for beryllium, manganese

'../ and mercury should be 0.01. The beryllium dermal CSF should
be 430. However, the total cancer risk of 2E-S would not be
[significantly impacted.i ' .' - '
Table H-52: As per Attachment, 1, the ABS values for
beryllium, mercury and manganese should be 0.01, with RfDs
adjusted so that the dermal RfDs would be as follows:
aluminum, 2.7E-1; antimony, 4E-S; beryllium, 5E-5; cadmium,
2.5E-5; chromium, 5E-5; copper, 2E-2; mercury, 1.5E-S; zinc,
7.5E-2. However,* the total HI of 2.3 would not be
'significantly impacted.

' Tables H-53 and H-55: The factor of 0.017 hr/min is
> inappropriate on this table because here, t is given in

hours rather than-minutes. Therefore, CF2 is unnecessary
and risks are 60 times too low*. Non-steady-state risks
would total 2E-5; steady-state risks would total 2E-6, using
the estimated PC for TCE. (Steady-state risks, using the
measured PC for TCE, would be 3E-6.)

Table H-54: The factor of 0.017 hr/min is inappropriate on
this table because here, t is given in hours rather than
minutes. Therefore, CF2.is unnecessary and His are 60 times
too low. Non-steady-state His would total 7E-4; steady-
state His would total IE-4, using the estimated PC for'TCE.
(Steady-state His, using the .measured PC for TCE, would be
5E-4.)

Table H-56: The factor of 0.017 hr/min is inappropriate on
this table because here, t is given in hours rather than ' —
minutes. Therefore, CF2 is unnecessary and His are 60 times
too low. Non-steady-state'His would total 6E-4; steady-
state His would total IE-4, using .the estimated PC for TCE.
(Steady-state His, using the measured PC for TCE, would be

' 5E-4.) '-- •i;. ' " . . . . - ' • • -- •_. ' : . :.. ". • •
Table H-57: Using the Foster and Chrostowski model and

i s ' • : • • - . - . . . . - ' . - , " ; • • ' . ' • ' , ' . .
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including all organic COPCs, this cancer risk would be 9E-5.

Table H-58: Using the Foster and Chrostowski model and
including all organic COPCs, this HI would be 9.5.

.
Table H-59: Because the shower model used affects the
concentrations.available for dermal.risk, the McKone and
Bpgen vs. Foster and Chrostowski risks are likely to differ
slightly. Also, this table uses the steady-state model, and
the non-steady-state model, is also available. The beryllium
dermal CSF should be 430. However,^the total McKone,
steady-state cancer risk of 3E-4 would not. be significantly
impacted. (Using the Foster and Chrostowski and non-steady-
state assumptions, the fisk would be SE-3<).

, • .- >

Table H-66: The RfDs for l,3-DCB>nd 1,4-DCB are now 3E-2.
As per Attachment 1, the RfDs should be adjusted so that, the
dermal RfDs would be as follows: aluminum, 2.7E-1;
beryllium, 5E-5;, cadmium,, 2.5E-5; chromium, 5E-5; copper,
2E-2; mercury, 1.5E-5; nickel, 2E-4; vanadium, IE-4; zinc,
7.5E-2. The total McKone, steady-state HI should therefore
be 19 rather than 18. (Using the Foster and Chrostowski and
non-steady-state assumptions, the HI-would be 310.)

Table H-61: The TCDD concentration does hot match the EPC on
Table D-8. It should be 1.4E-8. mg/1, with a cancer risk of
7E-6. Tha Aroclor 1254 risk also seems to be miscalculated;
it should be 9E-5 rather than 2E-S. However, the total risk
of 2E-3 is not significantly affected.

' • 'Table H-62: The TCDD concentration does not match the EPC
Table D-8. It should be 1.4E-8 mg/1. The, RfDs for 1,3-DCB
and 1,4-DCB are now 3E-2, with His of 0.2. However, these
issues do not greatly impact the total HI of approximately
40. . > . •: _ • ' . - • '

Tabla H-63: Using the Foster and Chrostowski model and
including all organic COPCs, this cancer risk would also be
IE-4. ,

Table H-64: Using the Foster and Chrostowski model and
including all organic COPCs, this HI would be 13.

Table H-65: Because the shower model used affects the
concentrations available for dermal risk, the McKone and
Bogen vs. Foster and Chrostowski risks are likely to differ
slightly. Also, this table uses the steady-state model, and
the non-steady-state model is also available. The beryllium
dermal CSF should be 430, with a McKone, steady-state cancer-
risk of 5E-5. The TCDD concentration does not match the EPC
on Table D-8. It should be 1.4E-8 mg/1, with a McKone,
steady-state cancer risk of 6E-5. Therefore, tha total
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McKone, ,steady-state cancer risk should fae 3)5-4. (Using the
Foster and Chrostowski and non-steady-state assumptions, the
risk would be:7E-3.) ' ,

Table H-66: The RfDs for 1,3-DCB arid 3,,4-DCB are now 3E^2.
As per Attachment 1, the RfDs should be adjusted so that the
dermal RfDs .would be as follows: aluminum, 2.7E-rr --i :,....
beryllium, 5E-5; cadmium, 2.5E-S; chromium, S'E-5; copper,
2E-2; mercury, 1.5E-5; nickel, 2E-4; vanadium, IE-4; zinc,
7.5E-2. The TCDD concentration does not match the EPC on
Table D-8. It should be 1.4E-8 mg/1. The total McKone,
steady-state HI should therefore be 26 rather than 25,
,(Using the -Foster and Chrostowski and non-steady-state.
assumptions, the HI would be 440.) ,

Table H-67; The TCDD concentration does not match the EPC on
Table D-8. It should be 1.4E-8 mg/1, with a cancer risk of
2E-5. The Aroclor 1254 risk also seems to be miscalculated;
it should be 3E-4 rather than 8E-5.. However, the total risk
of 8E-3 is not significantly affected. .

Table H-68: The TCDD concentration does not match .the EPC on
Table D-8. It should be 1.4E-8 mg/1. The Rf.Ds for 1,3-DCB
and 1,4-DCB are now 3E-2, with His of 0.5 and 0.4,
respectively. The TCE HI also appears to be miscalculated;
it should be 0.8 rather than 2.6. However, these issues do
not greatly impact the total HI of approximately 110.

Table H-69: The EPCs for Axoclor 1260, manganese, and TCDD .;
should be 0.0036, 0.133, and 3.6E-9 mg/1, respectively.
Because the shower model used affects the concentrations
available for dermal risk, the.McKone and Bogen vs. Foster
and Chrostowski risks are likely to differ slightly. Also,
this table uses the steady-state model, and the non-steady-
state model is also available. The beryllium dermal CSF
should be 430, with a McKone, steady-state cancer risk of
2E-6. As.stated in original comment 38, t he s dermal cancer
risks for PAHs should not be quantitated based on the oral
CSFs, since these compounds appear to act locally. Bis(2-
ethylhexyl)phthalate's adjusted dermal CSF would be 2.6E-2.
However, the total McKone, steady-state cancer risk would
not deviate from 2E-4. (Using the Foster and Chrostowski
and non-steady-state assumptions, s the risk would be 2E-3.)

Table H-70: The EPCs for Aroclor 1260, manganese, and TCDD
should be 0.0036, 0.133, and 3.6E-9 mg/1, respectively.
Bis(2-ethylhexyl)phthalate's adjusted dermal RfD should be
1.1E-2. The adjusted dermal RfDs for metals should be as
follows: aluminum, -2.7E-.1Tcadmium, 2.5E-S; beryllium, '5E-5.
The metals His are missing from this table. However, the
total McKone, steady-state HI would not-deviate
significantly from 4.1. /(Using the Foster,and Chrostowski

;1R3QU'37)
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and non-steady-state assumptions, the HI-would be'75.)

Table H-71: The EPCs for Aroclor 1260, manganese, and TCDD
should be 0.0036, 0.133, and 3.6E-9 mg/1, respectively. The
bis (2-ethylhexyl) phthalate CSF of 1.4E-2 is missing from
this table. However, the total cancer risk would .not be
significantly impacted.

Table H-72: This table should be labeled, "Ingestion" rather
than "Dermal Contact . . . while-Showering.," The EPCs for
Aroclor 1260, manganese, and TCDD should be 0.0036, 0.133,
and 3.6E-9 mg/1, respectively. v The bis(2-
ethylhexyl)phthalate RfD of 2E-2 is missing from this table.
The metals His are missing from this table. Therefore, the
total HI should be 2.6 rather than 1.6.

Table H-73: The EPCs for Aroclor 1260, manganese, and TCDD
should be 0,0036, 0.133, and 3.6E-9 mg/1, respectively.
Because the shower model used affects the concentrations
available for dermal risk, the McKone and Bogen vs. Foster
and Chrostowski risks are likely to differ slightly. Also,
this table uses the steady-state model, and the non-steady-
state model is also available, the beryllium dermal CSF
should be 430, with a McKone, steady-state cancer.risk of
3E-6. As stated in original comment 38, the dermal cancer
risks for PAHs should not be quantitated based on the oral
CSFs, since these compounds appear to act locally. Bis(2- •
ethylhexyl) phthalate's adjusted dermal CSF would be 2.6E-2.
Therefore, the total McKone, steady-state cancer risk would
be 5E-4 rather than 3E-4. (Using the Foster and Chrostowski
and non-steady-state assumptions, tha risk would be 3E-3.)

Table H-74: The EPCs for Aroclor 1260, manganese, and TCDD
should be 0.0036, 0.133, and 3.6E-9 mg/1, respectively.
Bis(2-ethylhexyl)phthalate's adjusted dermal RfD would be
1.1E-2. The adjusted dermal RfDs for metals should be as
follows: aluminum, 2.7E-1; cadmium, 2.5E-5; beryllium, 5E-5.
However, the total McKone, steady-state HI would not deviate
significantly from 5.3. (Using the Foster and Chrostowski
and non-steady-state assumptions, the HI would be 110.)

Tabla H-75: This table should be labeled "Bedrock" rather
than "North." Tha EPCs for Aroclor 1260, manganese, and
TCDD should be 0.0036, 0.133, and 3.6E-9 mg/1, respectively.
Tha bis (2-ethylhexyl) phthalate CSF of 1.4E-2 is missing from
.this table. However, the total cancer risk would not be
significantly impacted.

Table H-76: The EPCs for Aroclor 1260, manganese,.and TCDP
should be 0.0036, 0.133, and 3.6E-9 mg/1, respectively. The
bis (2-ethylhexyl) phthalate RfD of 2E-2 is missing from this
table. However, the HI of\7.2 ia not significantly
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impacted.

Table H-7?:; Using the Foster and Chrostowski model and
including all organic COPCs, this cancer risk would also be
r3E-4. . . , - : : . . ' • ' • • • " ' ' V . • • ' ' . ' - ;

Table H-78: The provisional RfDs for 1,2-DCA and-PQB are- _^.
1.4E-3 and 0.14, respectively. However, the total McKone HI
would not be greatly affected. Using the Foster and
Chrostowski model and including all^organic COPCs, this HI
would be 380.

Table H-79: Because the shower model used affects the
concentrations available for dermal risk, the McKone and
Bogen vs. Foster and Chrostowski risks are likely to differ
slightly. Also, this table uses the steady-state model, and
the non-steady-state model is also available. The beryllium
dermal CSF should be 430̂ , with a McKone, steady-state cancer
risk of 6E-5. The metals EPCs include results from M-15,
which could not be verified. However, the McKone, steady-
state cancer risk would not change. (Using the Foster and
Chrostowski and non-steady-state assumptions, the risk would
also approach .1.) ' . . ;

Table H-8Q: 1,1,1-TCA's dermal RfD should be 2E-2. 'The RfDs
for 1,3-DCB and 1,4-DCB are now 3E-2. As per Attachment 1,
the adjusted dermal RfDs for metals should be as follows:
aluminum, 2;7E-1; cadmium, 2.5E-5; beryllium, 5E-5;
chromium, 5E-5; copper, 2E-4; mercury, IE-5; nickel, 2E-4;
vanadium, IE-4; zinc, 7.5E-2; cyanide, 2E-2. However, the
total McKone, steady-state HI would not deviate
significantly from 5.9E4. (Using the Foster and Chrostowski
and non-steady-state assumptions, the HI would be*l£6.)

Table H-81: The metals EPCs include results from M-15, which
could not be verified. However, the cancer risk of 0.5
would not change. .
Table H-82: The metals EPCs include results from M-15, which
could not be verified. l,l,l'-TCA's RfD is 2E-2. The RfDs
for 1,3-DCB and 1,4-DCB are now 3E-2. Cyanide's RfD is 2E-
2. .However, the HI of 2.3E4 would not change. ^

Table H-83: Using the Foster and Chrostowski model and
including all organic COPCs, this cancer risk would be 5E-4.

Table H-84: The provisional RfDs for 1,2-DCA and PCE are
1.4E-3 and 0.14, respectively. However, the total McKone HI
would not be greatly affected. Using the Foster and
Chrostowski model and including all organic.COPCs, this HI_,
would b e 520. ' . - • . . ' • ' • - ' - '

J . . • ' ' .
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Table H-85: Because the shower model used affects the
concentrations available for dermal risk, the McKone and
Bogen vs. Foster and Chrostowski' risks are likely to differ- ^
slightly. Also, this table uses the steady-state model, ana. J
the. non-steady-state model is also< available. The beryllium*"^
dermal CSF should be 430, with a McKone, steady-state cancer
risk, of 8E-5. .The metals EPCs include results from M-15,
which could not be verified. However, the McKone, steady-
state cancer risk would not change. (Using the Foster and
Chrostowski and non-steady-state assumptions, the -risk would
also approach ! . ) . , , . • ' .

Table H-8£: X,l,l-TCA's dermal RfD should be 2E-2. The RfDs .
for 1,3-DCB and 1,4-DCB are now 3E-2. As per Attachment 1, .
the adjusted dermal RfDs for metals should be as follows ;
aluminum, 2. 7E-1; cadmium, 2;.5E-5; beryllium, : 5E-5;
chromium, 5E-5; copper, 2E-4; mercury, IE-5; nickel, 2E-4;
vanadium, IE-4; zinc, 7.5Er2; cyanide, 2E- 2. However, the
total McKone, steady-state HI would not deviate
significantly from 8.2E4. (Using the Foster and Chrostowski
and non-steady-state assumptions, the HI would be 1.5E6.)

Table H-87: The metals EPCs include results from M-15, which
could not be verified. However,, the cancer risk approaching
1 would not change.

Table H-88: The metals EPCs include results from M-15, which
could not be verified. l,l,l^TCA's RfD is 2E-2. The RfDs ,.
for 1,3-DCB and 1,4-DCB are now 3E-2. Cyanide's RfD is 2B-
2. However, the HI of 6.5E4 would not change.\ .

49. Table 5-1 was to be adjusted in accordance, with comments.
Some adjustments were made. The availability of alternate
risk methodology (more than one shower model, more than one
dermal model) and additional data sets (Westinghouse and
PADEP) leads to multiple estimates for certain pathways.
Also, Table 5-1 does not include scenarios for which EPA
risk estimates are available. Therefore, Attachment 2

~ includes 'a comprehensive risk table that may be consulted
for risk management decisions. Attachment 2 should be
updated as the remaining outstanding issues ara addressed
(risk estimates that are highlighted in Attachment 2
represent EPA's estimates of what the risks will be when the
risk assessment is updated in accordance with this review) .

Below are comments that refer only to the scenarios
presented on Table 5-1.
Railroad ROW: Maintenance worker inhalation HI should be 3E-
4, due to chromium. Child trespasser dermal soil cancer
risk should be 2E-5. Child trespasser dermal stormwater
(steady-state) cancer risk should be 3E-6. Child trespasser
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dermal stormwater (steady-state) HI should be IE-4.
Adolescent,trespasser dermal stormwater (steady-state)
cancer risk should be 2E-6. Adolescent trespasser dermal
stormwater (steady-state) HI should be 5E-4. The child and
adolescent His should; not be added (His for different
lifetime segments should not be summed).

Southern alluvial groundwater: Resident dermal
(incorporating reported McKone & Bogen model)" cancer risk '
should be 3E-4. Resident dermal (incorporating reported

• McKone & Bogen model) HI should be 26. Worker dermal
(incorporating reported McKone & Bogen model) HI should be
1 9 v ' - , ' • ' - . , ' •
Bedrock groundwater: 'Resident dermal (incorporating repprted
McKone & Bogen model without semivolatiles) cancer risk .
should be 5E-4. Worker ingestion.HI should be 2.6.

River sector: Child Wader dermal sediment cancer risk should
. be 3E-6 to 4E-6. Child wader dermal sediment HI should be

0.5. The total child wader HI should therefore be 1.3, but
the drivers, iron and chromium, are not additive so the HI.
does not truly exceed 1. . , _

North/middle/south sectors: Employee vapor inhalation HI
should be 1.7, in accordance with Appendix H. Indoor
construction worker dermal.soil cancer risk should be 6E-7,.
Indoor .construction worker dermal soil HI should be 0.06.
Indoor construction worker inhalation cancer risk should be
4E-7. Outdoor construction worker dermal soil cancer risk
should be 8E-7. Outdoor construction worker ingestion soil "
HI should be 0.7. Outdoor construction worker dermal soil
HI should be 0.2.

• , ' ' , • ^ N • . .

Moat: The child and adolescent His should not be added (His
for, different lifetime segments should not be summed).
Utility worker ingestion soil HI should be 3E-4. Utility
worker dermal soil HI should be 5E-5. Utility worker

, inhalation cancer risk and HI could'not be verified.

50. Section 5 risks and hazards were to be adjusted in
accordance with necessary adjustments to calculations and
reported risks. The remaining adjustments to Sections 5.1
and 5.2 are still needed:

Page 5-2, last paragraph: Child wader cancer risk is 7E-6 to
8E-6.': '. v,.. ' "' . " , ".- • ' . ' . • : , "• ' '

Page 5-3,-2nd paragraph: Outdoor worker cancer risk is IE-5.
', Utility worker air risk could not be verified. To the end

of the.paragraph, add, "For further EPA evaluation of the
moat, see Section 5*3."

2 1 • • • : : ' . ' '••' ' ' - . - ' - . ' : - . '



.Page 5-3, 3rd paragraph: Trespasser stormwater risk should
be 5E-6.

Page 5^4, 1st paragraph: Several voCs of both the
chlorinated ethene/ethane and BTEX families ware found both
in groundwater and in indoor air. Because of the
concentration and toxicity of 1,2-DCA,.this VOC happened to
drive the indoor air risks. While the risk is uncertain-due
to a small number of samples, the discussion on page 5-4
does not adequately reflect the site conditions. There is
no way of knowing at this point whether the air chemicals
are or are not derived from the groundwater and/ in fact,
these preliminary data for groundwater and air seem more
similar than dissimilar. See Attachment 3. (Therefore,
page 6-2, 1st paragraph, last sentence, should also be
deleted.)

Page 5-4, 2nd paragraph: There is not enough evidence at
this time to support either conclusion 2) or 3) in the last
sentence. These should be stricken or replaced with, "The
source of tha VOCs in the building air is currently
unknown."
Page 5-5, 2nd full paragraph: Delete the discussion of the
indoor employee. The HI does exceed 1 and this is discussed
at the end of this page.

Page 5-5, 3rd full paragraph: ,To this paragraph, add, "The
manganese may also be naturally occurring, since manganese
is a common element in soils. This can be determined by
comparing the on-site data to the background data." This
background comparison should be performed, after which a
stronger statement than the one used herein may be
substituted.

Page 5-5, 4th full paragraph: Utility worker air risks could
not be verified.

GENERAL GROUNDWATER AND HYDROGEOLOGY

55. The report should include a rationale for the use of
unfiltered groundwater samples. Tha response did not
address this comment. The point of the comment was not to
challenge the taking of both filtered and unfiltered
samples. Tha risk 'assessment should discuss (probably in
Section 2.2.7 or 2.4.5) why the unfiltered metals data were
considered to represent groundwater quality better than the
filtered data.

61. Appendix B was not changed. .Therefore, tha following items
are .still outstanding: In dismissing the bedrock aquifer,
'the report fails to address the detections of PAHs, dioxins,
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and furans in these wells. , ' ,

Natural attenuation is briefly mentioned. However, if
natural attenuation is being seriously proposed,
considerable supporting information would have to be .
gathered (consult the hydrogeologist for guidance).

• > • '; AIR MODELING
i . ' '

65, 67. No formal response to the 5/X6/97 memo by Denis , Lohman .
was discussed in the risk assessment response .to
comments. However, this comment and comment 67, which
deal with tha. air modeling and Appendices E and F, have
been reviewed by Patricia Flores,; EPA air modeleif.
Consult ,her memo for an evaluation of the air modeling
.that supports the risk assessment. . ,

However, the following items were still noted:

; The LNAPL results on Table E-lb could not be found in
the RI. Please supply the original data. Also, Table .
E-lb lists the concentrations as, e.g., 79170 mg/1, i
while Table E-3 lists the same concentrations as, e.g.,
79170 ug/1. As previously noted, the concentration of

- TCDD on Table E-2a should be .corrected.

UNCERTAINTY ANALYSIS

72. This, report contains no central tendency, Monte Carlo, or
other non-RME analysis, contrary to EPA expectations for
multiple-descriptor risk assessments. The report also does
not discuss whether sensitive subpopulations exist;

The comment response provided a rationale for this, which
should be added to the uncertainty section of the risk
assessment. Furthermore , the use of more than one set of
data, more than one showering model, and more than one
dermal model -in the estimation and verification of risks
does provide some multiple descriptors.

MISCELLANEOUS .

77. One statement about EPA approval remains! page 3-1, where
PADEP' s name was accidentally crossed out instead of• ' '

85. Table 4-4: The pentachlorinated dioxin should be 2,3,7,8-
-pentachlorodibenzo-p-dioxin. The point of this comment was
that the "penta" TEF should be applied to 2,3,4,7,8-PeCDD as
well as 1,2,3,7,8-PeCDD; in other words, any
pentachlorinated dioxin with chlorines in the 2,3,7,8
positions. Only the 1,2,3,7,8- congener is indicated on the
table. • • • • - . , ' . • ' " " ' -
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86. The sentence in question is now page 5-7, 3rd paragraph,
last sentence. Once again, this statement should be,"
deleted. If this pathway were truly not a "practical" one
for "developing sound risk management practices," then EPA
would-not have recommended its evaluation. EPA bases its
risk assessment recommendations on information that will
provide practical information for risk managers. Practical
information includes the ability to evaluate the no-action
alternative, select cleanup goals if necessary, evaluate a
range of alternatives, and meet the requirements of the NCP.

The response claimed that the evaluation was "unwarranted
due to the obvious, outcome." Yet, what is ?obvious" to
environmental professionals may not be obvious to all
stakeholders. At Superfund sipes, there is an obligation to.
demonstrate the risks and calculations on which decisions
may be based, not just to assume they are "obvious." That
is the function of the Administrative Record.

With respect to the rest of that paragraph, it should be
replaced with the following or similar wording: "The
Agencies requested that risks to hypothetical residential. .
.receptors be quantified in this HHRA. As discussed above,
this potential use is considered highly unlikely but could
not be completely ruled out. Groundwater has been used
locally for industrial purposes. Accompanying the
assessment of the hypothetical resident is an assessment of
potential exposure to workers who might drink and shower in
the water. However, future use of groundwater, if any,
would most probably be for production rather than human-use.
purposes. , In the absence of existing restrictions to the
contrary, potential receptors to groundwater were evaluated,
though expectation of such usage in the foreseeable future
is very low."

87. Page 5-8, 1st paragraph: Change "consistent with the
: practical future use of the property, not hypothetical
extremes" to "reasonably anticipated current and future uses \
of tha property. Due consideration must also be given to
the no-action alternative, i.e., unrestricted use in the
absence of remediation." ,

83. Page 5-14, 3rd paragraph:. Delete the last sentence. The
.;' issue of whether additional cancer risk is or is not

"compelling11 is a matter of personal judgment. The numbers
are presented, from which various stakeholders may make
their own judgments about what they find personally
"compelling." EPA does not object to tha contextualization
of risk (Westinghouse's rationale in the response), but this
particular statement goes beyond risk contextualization.

89. Page 6-2, last paragraph: EPA's objection arises not because1
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the ,"FS will contain an evaluation of risk reduction
associated with remedial options" or because the report
identifies "the CERCLA process and subsequent steps of
action at the Sharon site." Both of these are perfectly
valid goals. However, the risk assessment wording is that
"because risk is a function of exposure to an environmental
toxicant, j.t follows that restricting or eliminating
exposure is often the most prudent risk reduction measure .
. . *(emph. added). This section concludes with the — ^-——
statement that the FS will include a "characterization of
possible control measures than [sic] can be used to
eliminate uncontrolled exposures to impacted media."
Because risk is also a-function of toxicity and ;
environmental concentrations, not just a function of
exposure, risk.can also be reduced in ways different from or
in addition to limiting exposure. The risk assessment ,
should acknowledge this, rather than restricting future
evaluation to exposure controls. . :

NEW COMMENTS ON ADDED/DELETED MATERIAL

The appendices contain emissions calculations for soil
excavation and truck hauling, but these emissions .were
apparently not. used in the quantitative risk estimates.

Page 3-11, 3rd paragraph: The report does not contain any
reference for the 2 mg/m3 emission rate.
Page 3-14, 2nd paragraph:, Report all sediment concentrations
within the same paragraph in the same units (ppb or ppm) to
facilitate comparison. . ,

Section 5.3: After first sentence, add, "As-previously
discussed, EPA examined potential residential soil risks,"
In the last sentence, change 1650 to 1670 (per changes due
to some of Westinghouse's responses) . To the end of the
paragraph, add: "According to EPA, if surface water were
quantitatively evaluated using the Westinghouse data, the
only risks that might exceed the NCP risk range would be for
swimming exposure to the outfall sample SWCLI, because of
the reported PCBs (Aroclor 1248 at 2.8 ug/1, Aroclor 1260 at
4.S ug/1). However, the likelihood of .swimming at .this,
location, and the current water quality at this location,
are unknown. PCBs.were not detected in water just
downstream of this location." Also add, "EPA looked at the
full set of Westinghouse data as Well as the PADEP data for
river sediment. Usingr these data, the child wader jro.uld̂  '
have a cancer risk of approximately 9E-6 and an HI of
approximately 0.01. This cancer risk is nearly the same as,
and the HI is much lower than; those risks derived using
PADEP data."



•• Page 5-13, 4th paragraph: Delete the second and third
sentences. The PADEP sediment data were not validated by
national functional guidelines. These data only underwent
lab QA/QC.

• Table C-11: The RBC for chloroethane should be 2.2; for
freon 113 should be 3100; for 1,3,5-TMB should be 0.62; for
1,2,4-TMB should be 0.62; for 1,2-DCB should be 3.3; for PCB
vapors should be 0.016.' The only COPC selection that would
change would be freon 113, which would no longer, be a COPC.

Attachment 2 is provided as a convenient compilation of the
risks that have been generated at various times and by various
methods during the Rl/risk assessment process. The attachment .
may be updated due to changes resulting from this review (numbers
subject to change are highlighted). This attachment is
recommended as a tool for risk managers during generation and
review of the FS. y ,

If you have any questions concerning these comments, please
contact me at 215-566-3328. ' ,

3 Attachments , . /

.cqs Barbara Okorn'Root (3HW41)
• Eric Johnson (3HW41) ,



ATTACHMENT 1: SUBSTITUTE FOR TABLES 4-7 AND '4-8

CHEMICAL

ALUMINUM ... , ;

ANTIMONY , • ' • • • : '

ARSENIC

BARIUM

BERYLLIUM • '• •'

CADMIUM

CHROMIUM

COPPER

IRON
LEAD •

MANGANESE

MERCURY,

NICKEL

SILVER

THALLIUM .
VANADIUM

ZINC

BENZENE . •
CHLOROBENZENE , ,

1,2-DICHLOROETHANE '

1, 1-DICHLOROETHENE

1 , 2 -DICHLOROETHENE

TETRACHLOROETHENE

TRICHLOROETHENE

VINYL CHLORIDE
1,1,1 -TRICHLOROETHANE

DERMAL ABS
FACTOR (Soil)
0 J)l a
0.01 a
0-032 a
0.01 a
0.01 a
0.01 a

0.01 a
0,01 a
0.01 a
NA i
0.01 a
0.01 a
0.01 a
0.01 a
0.01 a
0.01 a
0.01
0.0005 a ,
0.03 a
0.03 a

0.0005 a
0.0005 a .
0.03 a
0.03 a
0.0005 a
0.0005 a

ORAL-TO-DERMAL
ADJUSTMENT FACTOR

0.27 b

0.1 c

0.95 d

l e
0.01 c ; ___

0.05 water RfD f
0.025 food RfD f

0.01 g

0.6 d

1 h

NA i , :
1 h '
0.15 e
0.1 d .... -
NA j

1 b
0.02 b
0.25 d
If .
i h
l h
1 h .-•
1 e
1 c
1 h
1 « ,.
1 h.
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CHEMICAL

ACENAPHTHYLENE

BENZ CAJ ANTHRACENE

BENZO f AJ PYRENE

BENZO [B] FLUORANTHENE

BENZO [G, H, I] PERYLENE

DIBENZf A, H] ANTHRACENE.

BIS(2-
ETHYLHEXYL ) PHTHALATE

1,2-DICHLOROBENZENE

1 , 3 -DICHLOROBENZENB

1 , 4 -DICHLOROBENZENS .
INDENO tl , 2 , 3 -C, D] PYRENE

PHENANTHRENE

1 , 2 , 4 -TRICHLOROBENZENS

2 , 4 -DICHLOROPHENOL

CHLORDANH
AROCLOR 1242

AROCLOR 1248

AROCLOR 1254

AROCLOR 1260

DIELDRIN

ENDRIN ALDEHYDE

TCDD TEQ3

HEPTACHLOR EPOXIDE

CYANIDE

DERMAL ABS
FACTOR (soil)

0.1 a
0.1 a
0.1 a
0.1 a
0.1 a -
0.1 a ,
0.1 a

0.1 a .
0.1 a ;
0.1 a
0.1 a
0.1 a
0.1 a
0.1 a
0.1 a
0.06 a
0.06 a
0.06 a
0.06 a

o.l a
0.1 a '
0.03 a
o.l a
1 h

ORAL-TO-DERMAL
ADJUSTMENT FACTOR

0.7 g

NA k
NA k

NA k

NA k
NA k
0.55 1

1 h
i h
1 h
NA k
i n ,
1 h
1 h .
0.8 m
^l f
if
If
If
1 h
1 h
1 h
in
NA j

soil
and water, as per RAGS Appendix A.
a EPA, 1996a b ATSDR, 1992 c NCEA, 1994
d NCEA, 1992 a NCEA, 1993 f IRIS, 1997
g ATSDR, 1993
h Complete (100%) absorption is assumed as a default
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the

i -"-**̂ v* w*i uiie
I J . 1 ATSDR, 1991
^-^ m ATSDR, 1994
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ATTACHMENT 2: SUMMARY OF RISK ESTIMATES '

This summary brings together the reported risks x ̂
(qualitative, quantitative, and semi-quantitative) that have beeri J
reported in various documents for the Westinghouse RI. Within ^-^
this attachment, risks are red-lined if they do not appear as
indicated here in the current draft of the risk assessment, "but
are anticipated to equal these values when corrected in
accordance with this memo. .

• RIVER

;WATER: in riyer water, using Westinghouse's target list, arsenic
was the only compound that exceeded the Region III tap water RBC.
All three sample stations were reported to have similar
concentrations (4.2 to 4.4 ug/1), all of which were below the MCL
of 50 ug/1. In addition, EPA reports that lead, chloroform,
heptachlor, and dieldrin exceed the Region III tap water RBC in
at least one surface water sample collected upstream of the
Westinghouse facility, and that TCE, chloroform, heptachlor,
heptachlor epoxide, and aldrin exceed the Region III tap water
RBC in at least one surface water sample collected downstream of
the Westinghouse facility. (Source: risk assessment; EPA review
of risk assessment.) v

According to EPA, if surface water were quantitatively
evaluated using the Westinghouse data, the only risks that might
exceed, the NCP risk range would be for swimming exposure to the ~
outfall sample SWCLI, because of tha reported PCBs (Aroclor 1248
at 2.8 ug/1, jAroclor 1260 at 4.5 ug/1). However, the likelihood
of swimming at this location, and tha current water quality at
this location/ 'are unknown. ' PCBs were not detected in water just
downstream of this location. (Source: EPA review of risk
assessment.)

SEDIMENT: , .

CHILD WADER . •• "
CANCER RISK

PADEP/W HOUSE
(source: risk
assessment)

CANCER RISK

H' HOUSE
(source: EPA
review of risk
assessment)
9E-6

HI
PADEP/ W HOUSE
(source: risk
assessment)

•amOTa-maKKjflHMMaMaM-i-MivwJaaMat

^̂ Ŝ̂ W '
^̂ ^̂ Ŵ 'î &̂'m̂ flPtS '^̂ JftŜ 'J-jfCWwG* mÔ B̂̂ !-̂  fc TJ

"

HI

W' HOUSE
(source: EPA
review of risk
assessment)
0.01
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FISH TISSUE: Given the available data, it was not possible to
obtain fish tissue whose concentrations could be definitively
linked to the Westinghouse >s'ite. (SbUfce: risk assessment.)
Because of the reported concentrations Of PCBs'in sediment (up to
0.24 ppm north of the site, up to 25 ppm downstream of the site),
and the tendency of PCBs to bioconcentrate in fish tissue, there'
is a potential concern for fish consumption. Although the river
is reportedly under a fish consumption advisory (source: risk
assessment)* compliance with the advisory is unknown. * People
have been observed fishing in the river downstream of the site,"'
and fishing line has been found along the river banks. (Source:
EPA site visit)

NORTH/MIDDLE/SOUTH SECTOR, INCLUDING BUILDING

RECEPTOR ', •

FUTURE EMPLOYEE, (air inside bldg.)
INDOOR CONSTRUCTION WORKER (contact,
with soil and soil, emissions)
OUTDOOR CONSTRUCTION WORKER (contact
with soil and soil emissions)

CANCER RISK

2E-4 ,

2E-6
>

i&t»»x& • - -ilK'-Smmm

HI

1.7?

8

10

(Source: risk assessment)
*• i '*

For future employees, direct contact with dust inside
building, the estimated cancer risks range, from 2E-5'to 2E-2,
depending upon the type of activity and area of the building
visited. Lead in dust is also a potential concern.
Approximately 25% of the building wipe samples exceeded a IE-4
cancer risk level for RME exposure to potential workers. For the.
maintenance worker, almost half the wipe samples exceed a IE-4
cancer risk level for RME exposure. There is also an open pit in
the floor that could pose a physical hazard.. (Source: EPA Middle
Sector Building assessment.)

MOAT ' • ' " . • ' •

RECEPTOR
MAINTENANCE, .WORKER (source :
risk assessment)
CHILD TRESPASSER (source: risk
assessment)
ADOLESCENT TRESPASSER (source:
risk assessment)
UTILITY WORKER (source: risk
assessment)'

CANCER RISK

9E-6 .

2E-6

IE -6

i '.tt'sîtt'ttf-yt
SW W BBlC-lE. Â P̂bĉ S
&ut&H&v*'H#ft

HI

0.2

0.2

0.08

*BOT» .
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RECEPTOR

WORKER: UNRESTRICTED ACCESS
(source: EPA review of, risk
assessment)
CONSTRUCTION WORKER (source:
EPA review of risk assessment)

CANCER RISK

2E-4

2E-5

HI

3.5

0.5

^currently unable to verity inhalation risks; see comments on air
modeling

RAILROAD ROW ^

SOIL

RECEPTOR

MAINTENANCE WORKER

CHILD TRESPASSER
ADOLESCENT TRESPASSER

CANCER RISK

IE-5

IE-4

5E-5

HI
0.4

12
5

(source: risk assessment)

POOLED STORM WATER

RECEPTOR

CHILD
TRESPASSER

ADOLESCENT
TRESPASSER

CANCER
RISK,
STEADY-
STATE •
(source:
risk
assessment)

SB

CANCER RISK,
NON-STEADY-
STATS
(source; EPA
review of .
risk
assessment)
2E-5

- '

2B-5
1 -,

HI, STEADY-
STATE
(source:
risk
assessment)

mi'' • •
, - -

HI, NON-
STEADY-
STATE
(source:
EPA review
of risk
assessment)
5E-4

6E-4

SOUTH ALLUVIAL GRODNDWATER

iR <Ul»386



RECEPTOR

WORKER

ADULT
RESIDENT

CHILD
RESIDENT

CANCER RISK,
MCKONE,
STEADY-STATE
(source:
risk '
assessment)

3E-3 .--

S'E-3

- - • „ '

CANCER RISK,
FOSTER, NON-
STEADY-STATE
(source: EPA
review of
risk
assessment)
7E-3

2E-2

9E-3

HI, MCKONE,
STEAD Y-
STATE
(source:
risk
assessment)

- - - —
$S '
140

/

HI, FOSTER, .
NON-STEADY-
STATE
(source: EPA
review of
risk
âssessments u,.
360

560

1670
' " 1..—̂ —̂

CENTRAL ALLUVIAL GROUNDWATER

RECEPTOR
i

1

WORKER

ADULT
RESIDENT

CHILD
RESIDENT

CANCER RISK,
MCKONE, . . .
STEADY-STATE
(source:
risk
assessment)

appr. 1
appr. 1

-- '

CANCER RISK,
FOSTER, NON-
STEADY-STATE
(source: EPA
review of
risk
assessment)
appr. 1
appr. 1

appr. 1

HI, MCKQNE,
STEADY-
STATE
(source :
risk
assessment)

8.2E4
1.SE5

* W . - / , , ':

'• ' >''

HI, FOSTER,
NON-STEADY-
STATE
(source:
EPA review
of risk
assessment)
1E6
1.6E6

• v
5E6

BEDROCK GROUNDWATER

RECEPTOR

WORKER
ADULT
RESIDENT

CANCER RISK,
MCKONE,
STEADY-STATE
(source :
risk
assessment)

3E-4

m /

CANCER RISK,
FOSTER, NON-
STEADY-STATE
(source: EPA
review of
risk
assessment)
2E-3
3E-3

HI, MCKONE,
STEADY-
STATE
(source: •
risk
assessment)

1 ' ' ' ' .
13

HI, FOSTER,
NON-STEADY-
STATE ,
(source:
EPA review
of risk
assessment)

78

117
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RECEPTOR

. , i

pHILD
RESIDENT

,CANCER RISK,'
MCKONE,
STEADY- STATE
(source:
risk
assessment)

- j..

CANCER RISK,
FOSTER, NON-
STEADY-STATE
(source: EPA
review of
risk
assessment)
2E-3

-

HI, MCKONE,
STEADY-
STATE
(source:
risk
assessment)

..

kl,. FOSTER,,
NON-STEADY^
STATE
(source :
E?A review
of risk
assessment)
350
•

RESIDENTIAL SOIL .

Most residential yards are associated with Hazard Indices ' ,
and cancer risks at or below the target risks specified in the
NCP. The exceptions were yards S12, S2, 314,315-16, and 320.
the risk drivers for these five yards were arsenic, beryllium,
and PAHs. While1 these chemicals may be naturally occurring, or
related to anthropogenic sources other than the site, this could
not be confirmed with the available background data set. PAHa
ax;e associated with the combustion of organic material and are
frequently found in the environment; they did not exhibit a
consistent pattern in the residential neighborhood. Three of -
these five samples, 314, 320, and 302, were reportedly taken near
garages. • ' ' . . ' ' ' • ' . " . v • • ' . . . . - •

The pattern of contamination found at the Westinghouse site -
was not observed in residential soils, particularly the high . J
levels of PCBs. Low levels of PCBs. and dioxins/furans were to\in<Ar»S
in neighborhood soils, but these were far lower than on-site
levels and did not contribute significantly to estimated
residential risks. >

v
Lead results in some yards may be of concern for children

and pregnant women. No consistent pattern'of lead contamination
was observed. Overall risks due to lead are uncertain because '.
only 1-2 samples ware obtained from each yard and' tha amount of
total lead exposure is unknown. . .

(Source: EPA review of risk assessment) .
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ATTACHMENT 3: COMPARISON OF VOCs IN MULTIPLE MEblA

CHEMICAL' ,
i ,

PCE - , ..

TCE

12DCE

11DCE i
VINYL CHLORIDE

111TCA

12DCA
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION III

841 Chestnut Building
Philadelphia, Penruylvanla 19107

REGION III f
841 Chestnut Building i j

SUBJECT: Review of the Air Modeling Portions of the Human , pro 0 3 1933
Health Risk Assessment for the Former Westinghouse
Transformer Plant Superfund Site

FROM: /atricia I. Flores-Brown, Air/Superfund Ccwrdinator
Technical- Assessment Section (3 AP22)

TO: Vie Janosik, Remedial Project Manager
Western PA Remedial Section (3HS22)

\

In response to a recent request from Jennifer Hubbard, lexicologist, I have reviewed the air
emissions estimation and modeling analysis submitted for the Former Westinghouse Transformer
Plant I reviewed the document for adequacy of the surmised exposure scenarios and for
mathematical integrity. The air modeling portions were found in Chapters 2 and 3 as well as
Appendixes E and)̂ ^ . .

The document was very difficult to review if not impossible to decipher for a few reasons. First
of all, the document lacked clarity in many places. The units on many of the inputs to the air
modeling equations were not consistent; they frequently changed from page to page. Because of
the lack of care in keeping track of the units, simple, unnecessary arithmetical errors were
pervasive. Finally, most of the comments made by Mr. Dennis Lohman, Meteorologist, in a May
16, 1997 memorandum to you were not followed.

Alter deciphering most of what was contained in the document, 1 calculated ambient air
concentrations for the 'air* scenarios in the document requested by Ms. Hubbard. My
calculations arc limited in their accuracy by tha accuracy of the mput data supptfed
in the document

The attached document contains my review and calculations. If you have any questions or
concerns about its contents, please call me at x2 193.

cc: J.Hubbarf (3HS41) *+*
M'Morris (3AP22)

: : • ;.;.-' • • / ;'' . \ • •" . '^"
Celebrating 25 Yean of Environmental Progress . a j n i o o n
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Review Of tfac Air Modeling Portions of the Human Health Risk Assessment for the
Westinghouse Superfund Site

' "' ' • • *' ' . i - . • . - • • ' • •
U T h e air modeling portions of the human health risk assessment were reviewed for adequacy of

surmised exposure scenarios and for mathematical integrity. The air modeling portions were
found.in Chapters 2 and 3 as well as Appendixes E and H. _ .

' Ambient air concentrations for the outdoor scenarios were calculated by EPA using the EPA
screening air dispersion model TSCREEN instead of a box mode! preferred by ChemRisk.
Guidance for using the TSCREEN model to calculate ambient air concentrations for future land
use scenarios for area sources can be found starting on page 56 of the Air/Superfund National
Technical Outdance Study Series- Guideline for Predictive Baseline Emissions Estimation for

tes

1, Estimated Indoor Construction Worker Air Exposure Concentrations via HUX from
LNAPL

a) The equations used in this analysis were similar to the equations
National Technical Guidance Study Series • Assessing P otenttal Indoor Air Impacts for

b) TTie inputs kto tUs model are correct However, in Table E-lb, equation (h) used to
calculate C. is incorrect The equation listed is C, - Xj x p. x MW x 1/RT. Hie correct

j equation should be C. » 3Q * Pv x MW x 1/RT. The equations used to calculate C,
V-X should be evaluated.

c) Using the equations and the values for the input parameters supplied by ChemRisk, the
correct calculated Indoor air concentrations should be the following:

Aroclor-1248 -
Aroclor-1254 - 8.45E-9 mg/m3 /
Aroclor-1260 - 6.04E-9 ing/m1

The discre|ancies between these values and the values listed in table E-3 stem fiora the
Mowing: ' ,' . • ' • i ~ t ' *' ' ' - " " * r , ' • .
D/Lt has units of cm2/ra-sec. . ~:
C, has units of mg/m3
F = (D/Lt) * C, which has units of mg-crrf/m̂ m-sec. If these units are multiplied by
(ra/lOO cm), the units become (IE-2) mg-cm/mVsec.



For Aroclor-1248 trie reported value of I.64E-04 in Table E-la should have units of
mg-cm;/mj-m-sec. The reported value was never multiplied by (m/100 cm), thus the
value for Aroclor-1248 is too high by two orders of magnitude.

Additionally, when the calculation of the concentration of vapor-phase chemical in indoor
air was performed (Table E-3), the calculation is in error of a factor of approximately
0.168. There is no clue as to where the source of this error originates, but it is consistent
for all three listed PCBs.

2. Estimated Outdoor Air Exposure Concentrations via Flux from Groundwater

a) Equations used in this scenario to calculate the flux from groundwater were the same for
the indoor air calculations. The flux rates for the compounds found in Table E-4 are
incorrect due to the following: .

D/Lt has units of cmVm-sec.
C* has units of ,ug/l
F - (D/Lt)« Cw x H which has units of //g-cmVm-sec-1. If these units are multiplied by
(m/100 cm), the units become (IE-2) ̂g-cm/scc-1.

For vinyl chloride the reported value of 5.74E-6 ̂g-cm/1-sec in Table E-2b and Table E-4
should be 5.74E-8 ̂g-cm/l-s or 5.74E-10njg/m?-s. The reported values for all of the
compounds were never multiplied by (rn/100 cm), thus the values are all too high by two
orders of magnitude. . . . " . ' •' :b) Ambient air concentrations calculated by ChemRisk were done by using a simple box
model EPA prefers that EPA's screening model TSCREEN be used to estimate hourly ;
concentrations rather than the box model. The hourly ambient air concentrations listed
below were derived using TSCRÊ  rather than the box model. The annual average
ambient air concentrations were derived by multiplying the hourly concentrations by an
adjustment factor of 0.08. Hie emitting area was assumed to be the same at 17,400 m2.

c) ' Using the equations and thavalues for the input parameters Ĥ plied by ChemRisk, the
calculated the ambient air concentrations should be the following: •

Contaminant " Hourly Cone. .Annual Cone.
vinyl chloride , - ' - • ' 5.945E-8 mgtai3 4.756E-9 mg/ia3 .
M-dichloroethene » 6.974E-9'mg/mJ 5.579E-10mg/mJ
U-dichloroethene (total) - S.ieiE-Smg/m1 1529E-9 rng/ro3
1,2-dichIoroethane » 2.075E-8 mg/m* 1.660E-9 mg/m1
1,1,1-tricUoroethane - 2.189E-7mg/mJ 1.7S1E-8 mg/m3
trichlorocthene • - .- l.̂ SÊ mg/m3 9.560E-7mg/m,J
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; benzene = 1.063E-6 mg/m' 8.504E-8 mg/m'
tetrachloroethene - - 7.774E-8 mg/m' 6.219E-9 mg/mj

, chJorobcnzene , ;' - 1.000E-6mg/mJ 8.000E-8 mg/m3
1.3-dichlorobeiizene " 1.366E-6 mg/m3 1.093E-7 mg/m5
M-dichlorobcnzenc • ~ 9.374E-7 mg/m3 7.499E-8 mg/mj

••': 1.2-dichlorobenzene - 1.395E-6 me/m3 1.916E-7me/mJ
1,2,4-trichlorobeozcne » 8.803E-5 mg/m3 7.042E-6 mg/'n?"——1—-—
Aroclor-1242 » S.9l7E-9mg/m3 7.134E-10mg/m3
Aroclor-1248 - 4.9lOE-5mg/m3 3.928E-6 mg/m$
Arocior-1254 - 7.545E-5 mg/m3 6.036E-6 mg/m'
Aroclor-1260 - 8.002E-9 mg/m3 6.402E-lOrhg/m3
total 2378-TCDD Equivalent- 2.274E-15mg/in3 1.819E-I6mg/m3

(based on initial groundwater concentration of TCDD of 8E-6 ug/1)

• * [ - >*

3. Estimated Indoor Air Exposure concentrations via Flux from Subsurface Soil

a) The indoor air concentrations found in Table F-9 (Cvt mg/m3) are valid for all compounds
except Aroclor-1242. The flux rate calculated for Aroclor-1242 is too low, most likely by
no more than a factor of two. Table F-6, which is a print-out for the result of Aroclor- '
1242 using the BAM model, shows that the input value of Cto, the mass of solute per soil
volume in mg/cm3, to be 0.227000E-02 mg/cmV If the soil concentration of Aroclor-
1242 listed in Table F-9 is correct, the value of Cto in Table F-6 should be:

(2.41 mg/kg-soil) x (1 kg-soil/1000 g) x (1.68 g/cm3 [soil density]) - 4.05E-3 m&'cm1.

b) The units on Js in Table F-9 should be mg/sec-cm1 not mg/sec<mVmg/kg since the initial
soil concentration was used to calculate Cto In the BAM model. Js should also be

. referred to as F.

c) The units reported for F on Table F-9 should be mg/cm2-sec not mg/m'-sec.

4. Estimated Outdoor Air Exposure Concentrations via Flux from Subsurface Soli

a) The BAM model was also used m tiiis scenario to calculated
contaminants from subsurface soil, and the flux rates on Table F*10 are the same as for
the indoor air scenario on Table F-9. The calculated flux rates for Aroclor-1242, again.
are probably no more than a factor of two too low. Ambient air concentrations calculated
by ChemRisk were done by using ft box model. EPA prefers that EPA's screening model
TSCREEN be used to estimate maximum hourly concentrations rather than a box model
The hourly ambient air concentrations below were derived using TSCREEN rather than
the box model. The emitting area was assumed to be the same at 17,400 m2.
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Contaminant Hourly Cone. Annual ,
Accnaphthylene -, 2.336E-5 mg/mj 1.869E-6 mg/m*
Beî g,h,i)perylene * .' 3.545E-9mg/m3 2.836E-10mg/m3
Phcnanthrcne - 1.395E-4mg/m3 U16E-Smg/m3
ArocIoM242 . * 1.8l9E-4mg/m3 1.455E-5 mg/m3 "

(this value is less than a factor of two low)
-̂ArocIor-1254 = 4.l97E-4ms/m3 3.358E-5 mg/ra3
Aroclor-1260 - 2.07BE-4 mg/m' 1.662E-5mg/m3

b) The units on F in Table F-10 should be mg/sec-cni2 not rng/sec-cmVmg/kg since the
initial soil concentration was used to calculate Cto in the BAM model. ,

c) , The calculation of Cvs performed using the box rnodel was multiplied by the soil
concentration. This is incorrect due to the fact that the initial soil concentration was used
to calculate Cto in the BAM model.

S. PMW Emissions Urom Soil Excavation . ,

The S/l 6/97 comments by Denis M. Lohman, Meteorologist were not taken into account and the
analysis was not revised. If the "top down approach** that ChemRisk used is assumed to be valid,
the following comments made by Mr. Lohman still apply:

a) The volume of soil was calculated incorrectly. The soil volume should be 14,035 m3 not
11,325m3 as reported by ChemRisk.

' ' '-'• ' • • • ' - ' ' .b) .ChemRisk used an assumed wind speed of 2 m/s in place of the EPA recommended
default of 4.4 m/s in lie equation.

c) The calculated emission rate should be 5.434E-4 g/s instead of the 1.S7E-4 g/s specified
by ChemRisk in Table 3-15. ,

d) The EPA air dispersion model TSCREEN should be used instead of a box model.

e) Using the above corrections, PMto concentrations from soil excavation of the slab were
calculated in unit

Contaminant r Hourly Cone.
PMIO -



6. PM10 Emissions from Truck Hauling Traffic

Again, the 5/16/97 comments by Denis M. Lohman, Meteorologist were not taken into account

(j a) ChemRisk used a silt surface loading value of 8 g/te3 instead of the EPA default value of
"̂>̂  3

. -.
A tr Impacts from Area Sources o/Particulate Matter af SuperfM Site?-
004, the guidance that ChemRisk claims to have used.

b) EPA calculates the PM,0 emissions per vehicle Jcjlometer traveled tobcl.692E2g/VKT.
Assuming that each truck travels 0.6 km round-trip, 1 0 1. 5 g of PM(0 are emitted for each
round-trip. Assuming that 8 trucks a day are used, the PMW emission rate is 2.819E-2

' ' ' "
c) The method that ChemRisk used to calculate on ambient air concentration for PM10 due to

truck traffic is illogical as alluded to by Mr. Lohman. There is no apparent reason why
the concentration behind the truck should be inversely proportional to the width or the
height of the truck. The best way to calculate an ambient air concentration is outlined in '
the guidance document mentioned in (a). The traffic scenario in the guidance document
assumes back and forth traffic in a confined area on-site. The emissions should be
modeled as an area source where the truck trafficked area is assumed to be 2500 ra2.

• .' • • ••'.'".'.' • ' , '' '
Using TSCREEN: *
Contaminant Hourly Cone. ' AnTtUl!
PM,,, : , - 811.2/ig/m3

d) The ambient annual air concentrations for Outdoor Construction Due to PM,0 is thus
1 7.3 ,ug/m3 (excavation) + 64,9 ̂g/ra3 (truck traffic) » 82̂  ̂ g/m3. This value should be
listed in table 3-15.

7. PM,0 Emissions from the Construction-UtiHty Worker - Trench Excavation

a) The correct equation for this scenario was used. However, an average windspeed of
2 m/s was used instead of the EPA default value of 4.4 m/s. PMIO emissions from
excavation, therefore, should be 52.15 g/day instead of the reported 18.7 g/day. The
average PMW emissions should be 2.414E-3 g/s Instead of 8.66E-4 g/s, » 1

b) Again,̂ the TSCREEN model should be used instead of a toxmodel. Trench excavation
is supposed to occur for six hours out of an eight hour day and last only two days out of
theyear. •



Using TSCREEN:
Contaminant Hourly Cone. . Annual Cone.
PM,0 = 1703,ug/m3 ''136.2

8. PMI8 Emissions from the Construction Utility Worker - Active SoO Pile Near
Trench , .

a) The correct equation and the correct inputs to the equation were used. However,
t ChemRisk made a computational error and the emission rate they obtained was two

orders of magnitude too low. ChemRisk calculated an emission rate of 1.44E-2 g/m2-day,
while the true emission rate should be 1.42 g/m2-day. /

b) ChemRisk*s scenario assumed that the pile would be active for 8 hours during the '
workday. At the end of the workday, the soil pile is returned to the trench. However, in
the equation that ChemRisk used to estimate paniculate emissions, the pile was assumed
to be active for 24 hours. An activity level for the pile of 8 hours is much more
reasonable. EPA therefore calculates the emission rate to be 5331 E-3 g/s.

c) Again, EPA prefers use of the TSCREEN model. The TSCREEN model has a module to
be used explicitly for active soil piles under the menu choice 'Paniculate Matter Release
Type* Fugitive Windblown Dust Emissions.* A soil pile diameter of 20m was used in
the model

>. :

Using TSCREEN:
Contaminant Hourly Cone. Annual Cone. •
PMI8 - 0.1903

d) The ambient annual air concentrations for the Moat Maintenance/Utility Worker Trench
Excavation due to PMft is thus
1703 ĝ/m3 (excavation) + O.J903 -wg/m* (soil pile) - 1703.2 itgfaf* This value should
be listed in Table 3-19. . '" '
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION HI

• 841 Chestnut BuRding
. . Philadelphia, Pennsylvania 19107 ' .

SUBJECT: Review of the Response to Comments on the
Air Modeling Portions of the Human Health Risk v .
Assessment for the Former Westinghouse Transformer
Plant Superfund Site

FROM: Patricia I. Flows-Brown, Air/Superfund Coordinator ,
Technical Assessment Section (3AP22)

TO: Vie Janosik, Remedial Project Manager '.';.'..'_.. ^
Western PA Remedial Section (3HS22)

In response to your recent request i have reviewed ChemRisk's response to EPA's comments on
the air emissions estimation and modeling analysis submitted for the Former Westinghouse .
Transformer Plant Below is ray reply.

Comment #1 ;

ChemRisk agreed that there was an error in the footnoted equation on table E-lb. However,
they did use the correct term (Pv) to calculate the value of Co. Therefore the values listed in
Table E-lb were correct

Upon Revaluation of the analysis and additional information submitted by ChemRisk, EPA
agrees with ChemRisk that the term D/Lt has units of cm/sec. Therefore the emission rates
calculated by ChemRisk are not in error by a factor of IE-2. However, ChemRisk did admit that
they used an incorrect ceiling height in the calculations. In response, ChercBisk itsubrnitted
Table E-3 to EPA with the corrections. EPA considers the corrections to be acceptable.
Therefore the correct calculated indoor air concentrations are the following:

Aroclor-1248 ••
ArocIor-1254 - 8.45E-7 mg/m3
Aroclor-1260 - 6.04E-7 mg/m»

Comment #2 • \

As stated in Comment #1. EPA agrees with ChemRisk that the term D/Lt has units of cm/see.
Therefore, EPA agrees that the emission rates calculated by ChemRisk and presented in Table E-
4 are correct. However, EPA still prefers the use of the screening model TSCREEN to estimate
hourly concentrations rather than the use of* box model. ChemRisk did not acknowledge EPA'

, Celebrating 23 Vears of Environmental Progress ,
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model preference and made no changes to Table E-4. Correcting the error made by assuming the
wrong units and by using the EPA model TSCREEN, the calculated ambient air concentrations
are listed below: These concentrations should be the values listed in Table E-4.

Contaminant Hqyfjy Cone, Annual Cone, '
vinyl chloride - 5.945E-6'mg/m3 4.756E-7 mg/m3
l.lrdichloroethene » 6.974E-7 mg/m3 ., 5.579E-8 mg/mj
U-dichloroethene (total) - 3.l61E-6mg/m3 2.529E-7mg/m»
1̂ -dichloroethane - 2.075E-6 mg/m' 1.660E-7mg/m3
I.Ul-trichloroethane - - . " 2.189E-5 mg/m1 l.75tE-6rag/m3
trichloroethene . » . - 1.195E-1 mg/m3 9.560E-5 mg/m3
benzene - 1.063E-3mg/m3 8.504E-6 mg/mj
tetrachloroethene - 7.774E-6 mg/ra3 6.2I9E-7mg/m3
chlorobenzene • =» 1.000E-4mg/m3 8.000E-6 mg/m1
U-dichlorobenzene '- 1.366E-4mg/mJ 1.093E-5 mg/mj
1,4-dichlorobenzehe > 9.374E-5 mg/ra3 7.499E-6 mg/in3
U-dichlorobenzene = 2.395Ê  mg/m3 U9l6E-5mg/m3
1.2,4-trichlorobenzene - 8.803E-3 mg/m3 7.042E-4 mg/m1 _
Aroclor-1242 - 8.9l7E-7mg/mJ 7.134E-8mg/m>
Aroclor-1248 « - 4.910E-3 mg/m* 3.928E-4 mg/ms
Aroctor-1254 * 7.545E-3 mg/m3 6.036E-4 mj/m3
Aroclor-1260 - 8.002E-7 m^m3 6.402E-S mg/m3
total 2378-TCDDEquivdent- 2.274E-13 mg/mj l.8l9E-l4mg/m}

(based on initial groundwater concentration of TCDD of 8E-6 ug/1)

Comments # 3-7

ChemRisk did not respond to Comments #3-7 and therefore accepts the comments. The tables
that correspond to Comments M3-7 should be revised. '

Comment #3

ChemRisk states that EPA's guidance document Estimation of Air Impacts from Area Sources of
Paniculate Matter Emissions at SuperjundSites. EPA-451/R-93-004, contains an error.
Specifically,'ChemRisk states that the units on equation 3-19 should be in kg/day-hectare or
"(0.01) g/day-m2**. ChemRisk is correct; the guidance document does contains an error.
However, ChemRisk claims that a factor of 0.01 (lOOOg/kg x hectare/10,000 m3) is required to
convert between the applied units. The correct factor to apply to equation 3-19 is a factor of
O.i (lOOOg/kg x hcctarc/10,000 m1). ChemRisk calculated an emission rate of
1.44E-2 g/ml-day. The true emission rate should be 0.142 g/rn*-day.

The other comments made by EPA still apply. The correct concentrations for PMW for this
scenario are: .
Hourly concentration =» 0.02 ug/mj
Annual concentration « 0.0016 ug/mj

Table 3-19 should be revised.

;iR.101*3 98
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If you have any questions or concerns, please contact me at x-21 $3.

^ cc: J. Hubbard (3HS41)
\ > - M.MorrU (3AP22)
»̂w*X ' ' ' • . , •
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION III

841 Chestnut Building
Philadelphia, Pennsylvania 19107

SUBJECT: Review of Health Risk Assessment
Westinghouse - Sharbn

FROM: Denis M. Lohman, Meteorologist
Technical Assessment Section (3AT22)

TO: Vie Janosik, RMP
Western PA Remedial Section (3HW22)

As requested per the suggestion of Jennifer Hubbard, I have conducted a
limited review of the Baseline Human Health Risk Assessment for the) Former
Westinghouse Transformer Plant in Sharon, Pennsylvania. My review is primarily
limited to the future construction worker scenarios in the North, Middle and South
Sectors.

Since I am not familiar with the Fanner emission flux model I did not make an
in-depth evaluation of the indoor employee and indoor construction worker scenarios. / *
I did determine that the procedure used to estimate potential exposures for those V J
scenarios was logical. I would, however, prefer to characterize the exposures \y
calculated as average rather than worst case since they assume a homogeneous
distribution within the building.

The following comments address the Outdoor Construction Worker scenarios
of section 3.3.2.3:

* * '
PM-10 Emissions from Excavation -

The PM-io emissions from soil excavation were estimated using the an
equation found in the EPA's Air/Superfund National Technical Guidance Study
Series - Models for Estimating Air Emissions from Superfund Remedial Actions
(EPA, 1993b). The equation estimates the grams of particular matter (PM-10)
emitted from transfer operations as a function of the mass of soil handled, the
wind speed and the percent soil moisture. The technique is not exact and
ChemRisk chose to take, what I would call, a "top down approach" in which the
total mass of sou to be excavated was calculated and an average emission rate
was calculated. My preference would be to characterize ah excavation "event*
and estimate potential emissions from a "bottom up" or short term perspective.
Neither approach is intrinsically right or wrong but the top down approach should
not be characterized as a worst case.

" " "• ' ''•' -• " ' '' •"''- " - "Moreover, the calculation should be done correctly. I multiplied the 0.76 m by

' . '» -VR30UOO



243 m by 76 m and obtained a volume of soil of 14,035 m3. The value of 11,325
m3 reported by ChemRisk is wrong as is the subsequently calculated emission
rate. In addition ChemRisk, without providing an explanation, used an assumed

. wind speed of 2 m/s in place of the EPA recommended default 614.4 m/s. If the
default wind speed is used with the correct soil volume, the emission rate __
calculated is 5.43x10-4 g/s instead of the 1.57x10-4 g/s specified by ChemRisk.

.'.,.' The mass balance box model used by ChemRisk is a simplified way of making
order of magnitude concentration estimates. Because the model assumes
uniform distribution within the "box" it cannot be used to determine a "worst case
air concentration" as stated on page 3-31. Using the height of the worker and
the lateral distance traveled by the worker is a convenient way to make the
equation dimensionally correct but these are not logical inputs. The validity of
the estimates depends upon some very subjective assumptions. If the worker
were to sit down and, effectively, halve his/her height the concentration would
double! Similarly, the lateral extent of the "box" should more property be
determined by the particular transfer operation rather than the mobility of the
worker. And finally, the wind speed assumption of 2 m/s is used without
Explanation. , ,

Since the emissions of PM-10 can be calculated and the characteristics of a
transfer operation can be estimated it would be preferable to use EPA's
screening model TSCREEN to estimate maximum hourly concentrations of
PM-10.

PM-10 Emissions From Hauler Truck Traffic

The correct equation for estimating emissions from traffic on paved roads was
used. However, the EPA default value for silt surface loading is 5 g/m3.
ChemRisk used a silt surface loading value of 8 g/m3. This apparent mistake
leads to an overestimate of emissions.

' ChemRisk more than makes up for the emissions overestimate by incorrectly
calculating the concentration. Instead of using the mass of vehicular kilometer
traveled (g/VKT) the mass per 0.3 kilometers is used. The arithmetically correct
estimate of concentration should be 62,640 ug/m3 instead of the 32,467 ug/m3 ,
reported.

The equation used however is dimensionally correct but logically curious.
There is no apparent reason why the concentration behind the truck should be -
inversely proportional to the width or the height of the truck. Also, if the one way
haul distance should be 3 meters instead of 3 hundred meters the concentration
would increase by two orders of magnitude!

Groundwater To Outdoor Air Vapor Transport
^ - - • ' . • ' . ' • / ' • - " • • • :



1 ChemRisk again uses a box model to calculate air concentrations of COPC. /
In this application the dimensions of the box are more logical but continue to be \J
subjective. For comparison purposes I used ChemRisk's BAM estimates of "̂̂

; methylene chloride emission rates in the TSCREEN model. The maximum.
concentration was estimated to be 5.713x10-3 ng/m3 of methylene chloride .
compared to the box model estimate of 3.880x10-3 ug/m3. Equivalent
differences would be obtained for the other COPC.

Conclusion .

As a result of a combination of carelessness, unnecessary simplification, and
unwarranted assumptions ChemRisk has, in my opinion, underestimated the
maximum risk due to air exposure by a factor of two or three. The exposure
estimates derived by ChemRisk are more appropriately characteristic of average
exposures according to the respective scenarios.

If you have additional questions or require additional analyses please contact .
me at (215) 568-2192. -

cc: M. Morris (3AT22) ,
J. Hubbard (3HW41)
P. Flores-Brown (3AT22)



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION HI

841 Chestnut Bunding
Philadelphia, Pennsylvania 19107

SUBJECT: Review of Westinghouse BLRA Revisions

FROM: Jennifer Hubbard, Toxicologist
Technical Support Section (3HS4I) , ff

TO: Vie Janosik, RPM
, , Western PA Remedial Section (3HS22)

DATE: 3/26/98

I have reviewed the CBS/Westinghouse comment response and BLRA revisions
submitted 3/20/98. This memo contains a discussion of the remaining issues at the
Westinghouse Sharon site. The memo is divided into three major sections:

a discussion of manganese hazard in soil; . . ~
a list of recommendations for the revised BLRA report; and
a record of BLRA pages and tables that were not explicitly changed, but for which
Appendix I should be consulted whenever the BLRA is used as a source.

, , Comment numbers refer to the EPA lexicologist's previous comments on the baseUne
risk assessment, as discussed in the 2/3/98 memo to Vie Janosik. EPA Air/Superfund contact
Patricia Flores-Brown was also consulted for issues related to the air modeling. . •

MANGANESE IN SOIL
• • ' " • " ' : , • • • •

During the review of the draft BLRA, it was uncertam whether .manganese would be
associated with an unacceptable HI (>1) for the indoor and outdoor construction workers.
According to current EPA estimates, the total outdoor construction worker HI would be 1 .3, or
approximately 1. However, the indoor construction worker, by both Westinghouse and EPA ^
estimates, would have an HI of approximately 8, due to inhalation of manganese. The ^
manganese HI is driven primarily by the assumption that workers could inhale up to 5 mg/m3 of
particulates (the OSHA standar̂ . . r

Before detennining a course oif action for manganese, project managers may wish to -̂
consider the following questions: , . ,

How well does the OSHA standard match up whh expected exposure at the site?
How do the soil manganese levels compare to local background concentrations?
Are the manganese coiû ntrationi uniform, or is the JD driven by t "hot fpot?" ~^~;
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The answers to these questions may be useful in developing the FS, since they involve
the issues of future use of the site, pattern of contamination, site attribution," and whether health- > " ^
and-safetyoritBtitutioiî contfote \ J

REMAINING RECOMMENDATIONS, BASED ON TOXICOLOGIST'S COMMENTS

PADEP and EPA have agreed that even where CBS acknowledges that numbers should
have been changed or updated, these changes would not necessarily be made to the body of the
report. Certain sections, considered to be the most significantly affected by the changes, were
revised and resubmitted

The remaining changes will not be made for two reasons: 1) the total risks, on which the
remedy is based, would not change significantly; and 2) the correct information will be available
in Appendix I of the report While this will enable the project to move forward into the FS stage,
it may make consulting specific tables in the BLRA a difficult task where minor errors persist.
Therefore, to ensure that a consistent set of numbers is used to characterize the site in the FS,
ROD, and other communications, it is recommended that the EPA estimates be used wherever
CBS has acknowledged that EPA's corrections were appropriate.

The next section of this memo lists outstanding issues for which revisions are still
recommended These issues are either the most important for risk assessment and
characterization, and/or they involve sections of the report that are already being revised for
other reasons. fThese comments are numbered beginning with an R, for revision, to distinguish
them from earlier comment numbers.) , ' '

' ' • .• •••' . . '
R-l Section 2.4.5 was revised, but the revision requested by comment 6 was not made; the

reference to MCLs could be deleted

R-2 Page 3-6 was revised, but the 1 st paragraph should also have been modified in
accordance with comment 12, to reflect the appropriate rejection of R dat&

R-3 Page 5-7, 3rd paragraph, even though resubmitted, still contained the last sentence, which
was recommended by EPA for deletion (comment 86).

R-4 On Tables 3-9 and D»9, a transcription error and the use of R data affected the EPCs for
and lead, which should change significantly; according to. comments 1 Ih and

R-5 The EPCs oa Tables 3-10 and D-10 for manganese and Aroclor 1260 should be changed
in accordance with comments 1 li and 12.

R-6 Tables 4-7 and 4-8 were notchanged Because of the confbsion with dennal fectors, as
described in comment 38, it may be [preferable to i siim>ry remove these >̂ les from the
report and refer the reader to Appendix I. •

R-7 Table C-9 was revised, but the RBCs were not corrected and updated as recommended in
comment 7g. .-

R-3 Table C-10 should be reprinted because the current formatting makes the dioxin results



illegible (comment 3i). In preparing this table for resubmission, the other changes can be
made: the cyanide non-detect can be reported (comment 3i) and the RBCs can be
corrected or updated (comment 7h).

.R-9 Table H-72 was partially corrected. The EPCs and RfDs could be corrected or updated
based on comment 48.

R-10 Table H-75 should be reprinted because the title is incorrect and misleading fit should be
"bedrock" rather than "north sector," based on comment 48). In preparing this table for
resubmission, the other changes can be made: the EPCs and CSF could be corrected or
updated (based on comment 48).

R-ll Page 5-4,1st and 2nd paragraphs, and page 6-2,2nd paragraph, last sentence, still
contain inadequately supported conclusions about 1,2-DCA, even though both Sections 5
and 6 were resubmitted. Revisions in accordance with comment 50 are recommended.

R-12 Tables H-17a and H-18a used EPA factors for all but the Cvs. According to the EPA air
modeler, these Cvs values should be as follows: acenaphthylene (hourly 2.3E-5 mg/in3,
annual 1.9E-6 mg/rn3); benzo[g,h,i]pery!ene (hourly 3.5E-9 mg/m*, annual 2.8E-10
mg/m3); phenanthrene (hourly 1.4E-4 mg/m3; annual 1. IE-5 mg/m3); Aroclor 1242 (1.8E-.
4 mg/m3, annual L4E-5 mg/m3); Aroclor 1254 (hourly 4.2E-4 mg/rf; annual 3.4E-5
mg/m3); Aroclor 1260 (hourly 2.1 mg/m?, annual 1.7E-5 mg/m3).

R-13 Tables 37a,' 38a, and 3-19 (footnote) used the incorrect EPA Cp value. The 0.0016 value
was for the pile only; the total hourly Cp is still approximately 1.7 mg/m3 and the annual
0.14 mg/m3. This would change the cancer risk on Table 37a by 5 to 6 orders of
magnitude. .

R-l 4 The response letter .indicates that comment 61 would not be addressed However, on our
conference call, CBS agreed to address the groundwater characterization issue to the
extent necessary. Basically, this involves a discussion of the bedrock groundwater
detections of dioxins, furans, and PAHs as a supplement to the information that appears
in Appendix B.

R-15 Table 5-1 should either be corrected to show what the CBS risks would be if all the
corrections were made, or JEPA estimates should be relied on where corrections were not

made-v ! '

REPORT SECTIONS AFFECTED BY MINOR CHANGES

The following report sections arenotexpected to change. Whenever a reader consults
.the BLRA, the BLRA pages on this list should not be used as references until the reader has
checked Appendix I for the appropriate adjustments.

>' ' V • ' . . • " • ' ' • • " . ' ' . ' . ; • - • • ' . " '
. BLRA Sections that should only be used mcoî ction with Appendix I: „•_

U Section 2,4.4 (should refer reader to the river discussion; based on comment 8)
- Page 3-1 (should indicate PADEP rather than -EPA; based on comment 77)

Page 3-37,3rd paragraph (should indicate 0.22 skin fraction for indoor worker, based on

OUOUU05'



comment 2 0 ) ' . ' • ' - . . ,
Page 5-3,2nd paragraph (should refer reader to Section 5.3 for EPA moat evaluation; based on *»~
comment 50) ) %T J
Page 5-5, indoor construction worker discussion (should have included more information on +•

t manganese; based on comment 50): see also manganese recommendations at the beginning of
'thismemo ,
Section 5.3 (should include information on other pathways such as surface water, sediment, and
local soil; based on bullet 4)
Page 6*2 (should indicate a wider range of potential further actions; based on comment 89)
The uncertainty section (could have included information about multiple risk descriptors; this
information appears on Table 5-1 instead; based on comment 72)
Pages G-2, G-7, G-25, G-29, G-37, G-68, G-118, G-122, G-147,0*155 (newer RfDs and CSFs
were available; based on comment 43)

\' : . , .

Table 3-7 (R data should not have been used, although the effect on EPCs was negligible; based
on cbmment 12) . .
Table 4-2 (the carcinogenic status of nickel should have been corrected; based on commment 34)
Table 4-3 (the inhalation CSFs for TCDD and DEHP should have been corrected or updated;
based on comments 35h and 35t)
Table 4-4 (other pentachlorinated CDDs should be included; based on comment 85)
Table 4-5 (some RfDs should have been corrected or updated; based on comments 36o and 43)
Table 4*6 (some RfDs should have been corrected or updated; based on comments 37a» 37e, and
43) *- '
Table 4-9 (Kp for dibenz[a,h]anthracene should have been corrected; based on comment 39h)
Table C-4 (R data should have been rejected and RBCs should have been corrected or updated;
based on comments 3c and 7c) ' .
Table C-5 (RBCs should have been corrected or updated; based on comment 7d)
Table C-8 (RBCs should have been corrected or updated; based on comment 7f)
Table C-11 (RBCs should have been corrected or updated and one chemical would no longer be
a COPC; based on bullet 6)
Table D-7 (R data should have been rejected, causing slight changes to EPCs; based on comment
12)-'. . ' ' , • ' • • - • . . ' . ' • • , ,
Table E-4 (TCDD concentration; see air modeler's comments and toxicologist's comments on
alluvial southern and central TCDD EPCs)
Tables H-l 1 andH-12 (Aroclor 1242.Cvs should have been corrected; based on comment 48)

Based on the comments, corresponding changes.should also have been made to Appendix H.
While total risks oa these tables would generally ntf change signfficantry, incM
chemical results may need to be corrected or updated The following "tables are affected by this
issue (based on comments 37e, 48, and 49):
Table5-l
Table H-3 . Table H-4 Table H-6
TabIeH-7 TableH-8 TableH-13
TableH-14 TableH-15 TableH-16
Table H-19 < Tablê H-20 Table H-23
Table H-25 ' Table H-26 Table H-27
Table H-28 Table H-29 Table H-30
Table H-33 Table H-34 TabloH-36
Table H-39 Table H-40 Table H-41



Table H-42 Table H-49 ; , Table H-50
Table H-51 Table H-52 Table H-60
Table H-61 Table H-62 , Table H-65

U J Table H-66 Table H-67 Table H-68
Â  Table H-69 Table H-70 Table H-71

fableH-73 TableH-74 TableH-76
TabIeH-78 TabIeH-79 Tab!eH-80
Table H-82 Table H-84 Table H-85
Table H-86 Table H-88- • " • • • , ' ' - , , • : • '

The adolescent trespasser's dermd-contact-wfth-stonn-water Westinghouse estimate of cancer
risk should be 3E-6 rather than 2E-6 on page 5-3 and Table 5-1, to conform with new Table H-
5 5 . . - • • ' • • . • • . - , - - . •

If you have any questions concerning these comments, please contact me at x3328.

cc: Eric Johnson (3HS41)
PatFlores-Brown(3AP22)
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