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APPENDIX C

PROFILES OF BIOACCUMULATION STUDY

CHEMICALS
Dioxins/F Other Xenobiotics (cont.)
Dioxin: 2,3,7,8 Tetrachloro- Lindane
dibenzo-p-dioxin Mercury
1,2,3,7,8 Pentachlorodibenzo-  Methoxychlor
dioxin Mirex
Hexachlorodibenzodioxins Nitrofen
Furans Nonachlor
Other Xenobiotics Octachlorostyrene
Biphenyl Oxychlordane
Chlordane Pentachloroanisole
Chlorpyrifos Pentachlorobenzene
p;p ' -DDE Pentachloronitrobenzene
Dicofol Pentachlorophenol
Dieldrin Perthane
Diphenyl Disulfide Polychlorinated Biphenyls (PCBs)
Endrin 1,2,3,4 and 1,2,3,5 Tetrachlorobenzene
Heptachlor 1,2,4,5 Tetrachlorobenzene
Heptachlor 1,2,3 Trichlorobenzene
Heptachlor Epoxide 1,2,4 Trichlorobenzene
Hexachlorobenzene 1,3,5 Trichlorobenzene
a -Hexachlorocyclohexane Trifluralin

Isopropalin



DIOXIN: 2,3,7,8 TCDD

CAS No.: 1746-01-6
CAS Preferred Nomenclature:

Dibenzo[b,e][l,:t]dioxin, 2,3,7,8-tetrachloro- :):(j ]:(Ic

Empirical Formula: C12H4Cl4O2

,HC1 0, TCDD
Synonyms and Common Names:
- 2,3,7,8 Tetrachlorodibenzo-p-dioxin
- TCDD or TDD
REGULATORY STATUS

Standards and Criteria:

o EPA Water Quality Criteria (for
human consumption of fish) for a 10
cancer risk (ATSDR, 1987):

0.000014 ng/L

o EPA Ambient Water Quality Criteria
(for protection of aquatic organisms):
None established at present

e [EPA Drinking Water Health Adviso-

ries (U.S. EPA, 1988)
child (10 kg):
1-day exposure = 1 ng/L
10-day exposure = 0.1 ng/L
longer-term exposure =  0.01 ng/L
adult (70 kg):
longer-term exposure = 0.04 ng/L

Food and Drug Administration
Health Advisory for Fish* (U.S. EPA,
1987c¢):

< 25 parts per trillion (ppt), no seri-
ous health concerns

25-50 ppt, restrict consumption to
twice per month

> 50 ppt, consumption not recom-
mended

*Guidance developed for fish caught
in the Great Lakes for use in inter-
state commerce only ’



e EPA Drinking Water Standard Maxi- e Center for Disease Control Level of

mum Contaminant Level: Concern in Soil for residential areas
None established at present - (U.S. EPA, 1987c¢):
1ppb

Use Restrictions and Bans:

o EPA has required manufacturers to reduce concentrations of TCDD in chemical
products; most chemicals now have less than 0.02 # g/g (ATSDR, 1987). Some
compounds such as 2,4,5 T are no longer produced in the U.S.

SOURCES OF DIOXIN

Dioxin Formation:

e TCDD is one of 75 types of dioxin formed as unwanted impurities during the
manufacture of other organic compounds including herbicides containing 2,4,5
trichlorophenoxy acids (2,4,5 T), 2,4,5 trichlorophenol used in the defoliant Agent
Orange, hexachlorophene formerly used as a germacide, pentachlorophenol and
PCBs. Other dioxins which have been studied include 1,2,3,7,8 PeCDD and two of
the HxCDD:s (1,2,3,6,7,8 and 1,2,3,7,8,9 HXCDD). TCDD is the most toxic and most
studied of all the isomers.

o Dioxin can be generated as a by-product of paper and pulp mill bleaching processes
which use chlorine. It can then be released to aquatic systems in various wastewater
streams and sludges generated by these industries (U.S. EPA, 1988; NCASI, 1987).

Uses of Dioxin:

e No commefc_ial production or importation of dioxin in the U.S., but small quantities
are produced for research purposes (NTIS, 1980 and ATSDR, 1987).

Other Sources:

o Examples of levels of dioxin found in other organic compounds are listed below
(ATSDR), 1987): _
- Until 1960, 2,4,5 T had up to 100 « g/g g/g TCDD, now <0.1 u« g/g
- Agent Orange had 0.02 to S4 » g/g
- Hexachlorophene had 0.2 to 0.5 ng/g
- Pentachlorophenol has <0.14 g/g of other dioxin isomers but no TCDD

- Polychlorinated Biphenyls (PCBs) also contain TCDD. Oil containing PCBs
was formerly used in electrical transformers. Utilities are gradually replacing
these old transformers.
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o Incineration of municipal and industrial wastes at too low a temperature ( < 800°C)
can produce dioxin. (Verschueren, 1983; ATSDR, 1987; U.S. EPA, 1987b).

o Derivatives of pentachlorophenol and other woodtreating wastes (NCASI, 1987;
U.S. EPA, 1987b).

o Currently, EPA is investigating possible correlations between dioxin and nearby
petroleum refineries which use chlorine or chlorinated solvents in the catalytic
reforming process. .

¢ Other sources of dioxin include fires and/or spills involving chlorinated benzenes
and PCBs, particularly fires involving transformers or capacitors, burning of wood
in presence of chlorine, and automobile exhaust from leaded gasoline (ATSDR,
1987).

FATE OF DIOXIN IN ENVIRONMENT

Partitioning:

¢ Based on its physical/chemical properties, dioxin is only slightly soluble in water
(Agq. sol. = 0.000317) and strongly sorbs to soil (Kow = 10,500,000). It has a high
potential for bicaccumulation (BCF = 5,000), although experimental data have
shown much higher values (e.g., over 9,000).

Persistence:

e Because dioxin strongly sorbs to sediment, it persists in soils and aquatic systems.
Photolysis can occur, aided by photosensitizers in surface water (half-life 1 to 1.5
years) or in the top few inches of soil (half-life 1 to 3 years) (U.S. EPA, 1985b and
Freeman, et al., 1986). Hydrolysis is not thought to be important (Callahan, et al.,
1979). Biotransformation of dioxin in soils is slow (ATSDR, 1987).

HEALTH EFFECTS

Carcinogenicity:

o Oral exposure causes increased incidence of tumors in liver, tongue, hard palate
and lungs in rats (Kociba gt al., 1978a,b) and in thyroid and adrenal glands in mice
(NTP, 1982a,b). EPA classification is B2, a probable human carcinogen (IRIS,
1989). IARC classification 2b (IARC, 1982).

¢ In combination with herbicides such as trichlorophenols, dioxin is classified by the
EPA as B1, limited evidence of human carcinogenicity (IRIS, 1989). -
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Mutagenic Activity:

o Mutagenicity tests have produced inconclusive results. Bacterial tests were nega-
tive as were most tests using rats and mice except when bone marrow cells were
used (Green et al, 1977; Meyne et al., 1985). Early tests using yeast cells showed
positive results (IARC, 1982).

Reproductive Effects:

o Adverse reproductive effects are caused in a variety of animals:

- fetotoxic in monkeys (U.S. EPA, 1985b)

- embryotoxic and teratogenic in mice, rabbits, ferrets and rats (IARC, 1977,
U.S. EPA, 1985b) . )

- reduced fertility and spontaneous abortions in monkeys (ATSDR, 1987)

- birth defects in mice (e.g., cleft palates and kidney abnormalities) (U.S. EPA,
1985b) -

\

Other Toxicological Effects:

o Major observed toxic effect on humans is chloracne (U.S. EPA, 1985b).

o Human exposure through herbicides and other TCDD-contaminated chemicals can
also cause altered liver function, porphyria, neurotoxicity, and hyperpigmentation
(U.S. EPA, 1985b).

o Toxic effects to -acutely exposed animals include extreme weight loss, liver and
thymus damage, immunotoxicity and hepatotoxicity (IARC, 1977; U.S. EPA,
1985a).

Toxicological Effects Indices:

o Cancer potency factor (CPF): 1.56x10° (mg/kg/day)'l. (U.S. EPA, 1986a).
o Reference Dose (RD): 1x10°° 4 g/kg/day (ATSDR, 1987).
e Oral LDsp: 0.6 # g/kg in guinea pigs ; 5,500 4 g/kg in hamsters (U.S. EPA 1985b).
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PHYSICAL/CHEMICAL PROPERTIES

Value Reference
Molecular Weight (g/mole): 321.97 Windholz, 1983
Physical State @ 20°C: solid, colorless Windholz, 1983
needles with no
odor
Melting Point (°C): 305 Schroy et al., 1985
Boiling Point (°C): 4122 ° Schroy et al., 1985
Density (g/mL): 1.827 (est.) Schroy et al., 1985
Acid Dissociation Constant, pKa: N/A
Water Solubility, S (mg/L): 1.93x1oj (22°C) Marple et al., 1986
: 3.17x10™ (25°C) Schroy et al., 1985
Vapor Pressure, P (mm Hg): 1.4x10” (25°C) Schroy et al., 1985
Henry’s Law Constant, H @
25°C (atm e m"/mol): 2.1x10°% Schroy et al., 1985
Log (Octanol-Water Partition .
Coefficient), log Kow: 6.15-7.28 U.S. EPA, 1985a
Soil Adsorption Coefficient, Koc(mlig):  6.0-739 U.S. EPA, 1985a
Fish Bioconcentration best gstimate,
Factor, BCF: 5000 U.S. EPA, 1986a
7900-9300,
fathead minnows U.S. EPA, 1985b

" Value used for estimating aquatic effects
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CAS No.:

CAS Preferred Nomenclature:

Empirical formula: C12H3Cl502

Synonyms and Common Names:

1,2,3,7,8 P.CDD
(PENTACHLORODIBENZODIOXIN)

40321-76-4

Dibenzo-[b,e](1,4,)dioxin,
1,2,3,7,8-pentachloro-

C!

peges

C1

Ci

12 H3 CIS

0,

- 1,2,3,7,8 Pentachlorodibenzodioxin
- PeCDD

REGULATORY STATUS

None established at present.

SOURCES OF PeCDD

Formation of PeCDD:

PeCDD is not intentionally produced for any commercial purposes in the U.S. It
is an unwanted byproduct of the manufacture of other organic compounds, as is
2,3,7,8 TCDD. PeCDD can also be formed during the incineration of municipal
and industrial wastes at low temperatures ( <800°C) (U.S. EPA, 1984; ATSDR,
1987).

See "Dioxin:2,3,7,8 TCDD" and "Hexachlorodibenzodioxins" for more information
on other dioxins.

FATE IN ENVIRONMENT

Partitioning:

Based on its physical/chemical properties, PeCDD is only slightly soluble in water
and strongly sorbs to soil (Kow= 7x106). It also has a strong potential for
bioaccumulation, although experimental data on specific BCF values were not
found.



Persistence:

o Photolysis of PeCDD can occur. In hexane,the half-life of PeCDD exposed to
sunlight was reported to be 5.4 hours (U.S. EPA, 1984).

PeCDD OBSERVED IN THE ENVIRONMENT

- » PeCDD has been detected in fish tissues (at unspecified concentrations), but not
in drinking water (U.S. EPA, 1984).

HEALTH EFFECTS

Toxicological Effects:

e No chronic exposure studies have been conducted with PeCDD. This includes a
lack of studies on the potential carcinogenicity, teratogenicity or mutagenicity of
the compound.

o Other forms of dioxin are extremely toxic and carcinogenic in animals. The acute
LD50 value of PeCDD suggests that it is biologically less active than TCDD (2,3,7,8
TCDD), but there are insufficient data to quantitatively estimate the health risk
from PeCDD exposure (U.S. EPA, 1984; ATSDR; 1987). See "Dioxin: 2,3,7,8
TCDD", for more information.

Toxicological Effects Indices:

o Oral LDsp values: guinea pigs, 0.009 #mol/kg; mice, 0.94 zmol/kg. U.S. EPA, 1984.
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PHYSICAL/CHEMICAL PROPERTIES

]

Value Reference
Molecular Weight: 356.5 U.S. EPA, 1984
Melting Point (°C): 240-241 U.S. EPA, 1984
Water Solubility, S (ug/L): 0.04 (est.) U.S. EPA, 1984
Kow (Octanol-Water Partition
Coefficient): 7x10° (est.) U.S. EPA, 1984
Soil Adsorption Coefficient, Koc (ml/g):  5x10° U.S. EPA, 1984
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HEXACHLORODIBENZODIOXINS

1,2,3,6,7,8-HxCDD:

CAS No.: 57653-85-7

CAS Preferred Nomenclature:
Dibenzo-[b,e](1,4,) dioxin,
1,2,3,6,7,8-hexachloro-

Empirical formula: C12H2ClsO2
Synonyms and Common Names:
- 1,2,3,6,7,8 Hexachlorodibenzodioxin

- HxCDD
- HxDD

1,2,3,7,8,9-HxCDD:;

CAS No.: 19408-74-3

CAS Preferred Nomenclature:
Dibenzo-[b,e](1,4,)dioxin,
1,2,3,7,8,9 hexachloro-

Empirical formula: C12H2ClsO2

Synonyms and Common Names:

- 1,2,3,7.8,9 Hexachlorodibenzodioxin -

- HxCDD
- HxDD

1,2,3,4,7,8-HxCDD:

CAS No.: 39227-28-6

CAS Preferred Nomenclature:
Dibenzo-[b,e](1,4)dioxin,
1,2,3,4,7,8-hexachloro-

Embpirical formula: C12H2ClgO2

Synonyms and Common Names:
- 1,2,3,4,7,8 Hexachlorodibenzodioxin
- HxCDD
- HxDD

C,,H,Cl.O,

Cl Cl

Cl

C,H,CI0,

pesey

C,.H, Cl0,
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REGULATORY STATUS

o None established at present

) SOURCES OF HxCDD

Total HxCDD Produced:

o The HxCDDs are not intentionally produced for any commercial purposes in the
US.

o The HxCDDs, as well as other forms of dioxin, are produced as un-
wantedcontaminants of organic compounds, particularly chlorophenols such as
pentachlorophenol (U.S. EPA, 1984; ATSDR, 1987).

e See "Dioxin:2,3,7,8 TCDD" and "1,2,3,7,8 PeCDD" for more information on other
dioxins.

{
FATE IN ENVIRONMENT

Partitionin ning:

o Based on their physical/chemical properties, the HxCDD:s are only slightly soluble
in water and strongly sorb to soil (Kow =4.2x10 ) They also have strong potential
for bioaccumulation (BCF for 1,2,3,7,8,9 - HXxCDD = 5,800).

Persistence:
o Photolysis of the HXCDD:s can occur. In n-hexadecane, the half-life of 1,2,3,6,7,8-
HxCDD exposed to a sunlamp was 6.8 hours. Two other HxCDDs, 1,2,3,6,7,9- and

1,2,4,6,7,9-HxCDD (in hexane) had half-lives, respec-tively, of 17 and 47 hours,
when exposed to sunlight (U.S. EPA, 1984).

HxCDDs OBSERVED IN THE ENVIRONMENT

o HxCDDs (unspecified isomers) have been detected in fish, gelatin and human milk
but not in drinking water. Concentrations were not given (U.S. EPA, 1984).
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_HEALTH EFFECTS

Carcinogenicity:

e The HxCDD:s are rated as probable (B2) human carcinogens by the U.S. EPA
because a 2:1 mixture of 1,2,3,7,8,9 and 1,2,3,6,7,8 HxCDD caused liver tumors in
rats and mice (U.S. EPA, 1984).

Other Toxicological Effects:

o Potency of HxCDD estimated to be 1/20th of TCDD, the most toxic form of dioxin
(U.S. EPA, 1984). See "Dioxin:2,3,7,8 TCDD" for more health effects information.
e No studies have been conducted on the teratogenicity or mutagenicity of the
HxCDDs.

Toxicologidal Effects Indices:

e Cancer Potency Factor: 6.2x10° (mg/kg/day)'1 (U.S. EPA, 1984; PHRED, 1988).

e 123,6,7,8 HxCDD oral LDsp values: guinea pigs, 0.178 to 0.255 4 mol/kg; mice,
3.19 umol/kg.

e 123,7,8,9 HxCDD oral LDsp values: guinea pigs, 0.153 to 0.255 4 mol/kg; mice,
3.67 umol/kg.
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1,2,3,6,7,8 HxCDD PHYSICAL/CHEMICAL PROPERTIES

Value Reference
Molecular Weight: 390.9 U.S. EPA, 1984
Melting Point (°C): 285-286 U.S. EPA, 1984
Water Solubility S(mg/L): 8x10™6 (est.) U.S. EPA, 1984
Log (Octanol-Water Partician
Coefficient), log Kow: 7.6 - U.S. EPA, 1984
Soil Adsorption Coefficient, Koc(ml/g):  3x107 (est.) U.S. EPA, 1984

1,23,7,8,9 HxCDD PHYSICAL/CHEMICAL PROPERTIES

Value Reference

Molecular Weight: 390.9 PHRED, 1988
Melting Point (°C): 243-244 U.S. EPA, 1984
Water Solubility, S (mg/L): 6x10™* PHRED, 1988
Log (Octanol-Water Partition Coefficient),

log Kow: 7.6 PHRED, 1988
Soil Adsorption Coefficient, Koc (ml/g): 3x10’ . PHRED, 1988
Fish Bioconcentration Factor BCF: 5800 PHRED, 1988

1,2,3,4,7,8 HxCDD PHYSICAL/CHEMICAL PROPERTIES

—

\

Value Reference

Molecular Weight: 390.9 U.S. EPA, 1984
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FURANS
(POLYCHLORINATED DIBENZOFURANS, PCDFs)

CAS Preferred Nomenclature: o o
2,3,7,8-Tetrachloro-dibenzofuran,
2,3,7.8 TCDF c,m

Empirical Formula: C12H4Cl4O

o The polychlorinated dibenzofurans (PCDFs) are a group of 135 halogenated tricy-
clic aromatic hydrocarbons with many structural, distribution, and toxicity similar-
ities to the dioxins (polychlorinated dibenzodioxins, PCDDs). A partial list of the
furans is shown in Table 1. Very little is known about the individual furans because
they typically occur as mixtures of different forms. For this reason, the sources,
environmental fates and health effects of the PCDFs will be discussed as a group,
with mention of individual furans when appropriate.

REGULATORY STATUS

o No criteria or standards established at present.

SOURCES OF PCDFs

PCDF Production and Use:

o PCDFs are not intentionally produced for any commercial purposes.

o PCDF-contamination of products or processes has not caused the banning or
restriction of use in the U.S.

Other Sources:

o Just like the PCDDs, PCDFs are unwanted trace impurities of PCBs, chlorinated
phenols such as hexachlorobenzene or pentachlorophenol, and phenoxy herbicides
such as 2,4,5 T. The production of many of these compounds has been restricted
or banned (e.g., PCBs), but products containing them may still be in use (e.g.,
electrical transformers). Example concentrations are listed below:
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- Phenoxy herbicides had 0.008-0.15 mg/kg PCDFs (Rappe et al., 1978, 1979;
Ahling et al,, 1977).

- Pentachlorophenol has contained 59.8-790 mg/kg PCDFs (Rappe et al., 1979).

- Hexachlorobenzene was found to contain 0.35 to 58.3 mg/kg PCDFs
(Villanueva et al, 1974).

- PCDF contaminants in polychlorinated biphenyls (PCBs) have been measured
at levels of 0.8 to 13.6 mg/kg (CNRC, 1978). 2,3,7,8 TCDF and 2,3,4,7,8
PeCDF are generally found at <1 ppm in most PCBs (U.S. EPA, 1986).

o Incineration of municipal and industrial wastes at too low a temperature ( < 800 °C)
can produce PCDFs which can be released to the environment either in flue gas or
adsorbed to fly ash (U.S. EPA, 1986).

FATE OF PCDFs IN ENVIRONMENT

Partitioning:

o AsshowninTable 1,2,3,7,8 TCDF is the only PCDF for which a number of physical
and chemical properties have been determined. Based on these properties, and its
structural similarity to the dioxin 2,3,7,8, TCDD, 2,3,7,8 TCDF is likely to be only
slightly soluble in water and strongly sorb to soil (Kow= 660,700). It also has a high
potential for bioaccumulation based on an estimated BCF of 602,600 (Hansch and
Leo, 1981).

Persistence:

o Because 2,3,7,8 TCDF strongly sorbs to sediments, it persists in soils and aquatic
systems. Some photodegradation can occur with tetra- and penta-CDFs losing
chlorine atoms and forming tri-CDFs. For example, irradiation (254 nm) of 1 4g/L°
2,3,7,8 TCDF in n-hexane for four hours yielded 2,3,8 and 2,3,7 TrCDF (Mazer and
Hileman, 1982).

- o Verylittle is known about the biodegradation of PCDFs, but they are probably like
the dioxins and relatively resistant to biodegradation (U.S. EPA, 1986).

HEALTH EFFECTS

PCDF Effects on Animals:

o Toxicological studies of PCDFs demonstrate that the effects of this group of
compounds are remarkably similar to the PCDDs (U.S. EPA, 1986) (see "Dioxin:
2,3,7,8 TCDD", "1,2,3,7,8 PeCDD" or "HxCDDs" for more information on dioxins).

o At present only short-term, high dose, acute exposure animal tests have been
conducted with PCDFs. The most studied form has been 2,3,7,8 TCDF which
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causes adverse health effects very similar to those caused by 2,3,7,8 TCDD. These
effects include weight loss, liver, thymus and immune system damage, and skin
changes (U.S. EPA, 1986).

o Two of three monkeys died after six months of exposure to 5 g/kg 2,3,7,8 TCDF in
their food (U.S. EPA, 1986).

PCDF Effects on Humans:

o Human exposure to PCDFs occurred in two major incidents when PCBs (containing
a mixture of PCDFs) accidently contaminated rice oil in Japan and China. The
resulting symptoms (attributed to 2,3,4,7,8 PeCDF exposure) consisted of liver
disturbances, skin lesions, excessive skin pigmentation, temporary blindness, numb-
ness of feet and hands, and weakness (Kuratsune gt al., 1972; Kuratsune, 1975, 1980;
Urabe and Asahi, 1985; Lu and Wu, 1985; Hsu et al., 1985).

o Studies of potentiaf carcinogenesis in humans are still ongoing. No tests have been
conducted with animals (U.S. EPA, 1986).

Reproductive Effects:

o 23,4,7,8 PeCDF, 1,2,3,7,8 PeCDF and 1,2,3,4,7,8 HXCDF can cause kidney damage
and cleft palate in mice fetuses (U.S. EPA, 1986).

Mutagenic Activity:

o The four PCDFs (2,8 DCDF, 3,6 DCDF, 2,3,7,8 TCDF and OCDF) tested for
mutagenicity in bacteria had negative results (U.S. EPA, 1986).

Toxicological Effects Indices:

» Reference Dose (RfD), 2,3,7,8 TCDF: 2x10'5;4 g/kg/day (U.S. EPA, 1986).
» Reference Dose (RfD), 2,3,4,7,8 PeCDF: 3x10'6;¢ g/kg/day (U.S. EPA, 1986).

o Oral LD5g values for 2,3,7,8 TCDF: guinea pigs, 5-10 x g/kg; mice and rats, > 6000
4 g/kg; rhesus monkey, 1000 u# g/kg (U.S. EPA, 1986).
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CAS No.: 92-52-4
CAS Preferred Nomenclature:

Empirical Formula: C12Hi1o

BIPHENYL

1,1-Biphenyl |

Ci2H10
Synonyms and Common Names:
- Bibenzene - 1,1-Biphenyl
- Diphenyl - Phenylbenzene
REGULATORY STATUS
Standards and Criteria:
o EPA Water Quality Criteria (for o EPA Drinking Water Health Adviso-
human consumption of fish): ries:
None established at present None established at present
e EPA Ambient Water Quality Criteria o EPA Tolerance Level for Citrus Fruit
(for protection of aquatic organisms): (40 CFR 180.141):
None established at present 110 ppm
e EPA Drinking Water Standard Maxi- e Food and Drug Administration Ac-
mum Contaminant Level: tion Level for Fish:
None established at present None established at present

Use Restrictions and Bans:

¢ None found.

SOURCES OF BIPHENYL

Total Biphenyl Produced:

» Commercial production of biphenyl began in 1926 (Verschueren, 1983). In 1976,
approximately 88 million pounds of biphenyl were produced (Kirk-Othmer, 1982).
However, in 1984, production decreased to approximately 35 million pounds
(USITC, 1985). In 1986, four companies were producing biphenyl: Bethlehem
Steel Corporation, Dow Chemical, Monsanto Company, and Sybron Corporation.
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Uses of Biphenyl:

o Biphenyl is used as a textile dye carrier, heat exchange medium, hydraulic fluid
component, and as a plasticizer (Kirk-Othmer, 1982). It is also used during pack-
aging, storage, and transport as a citrus wrapper fungicide to control mycelial growth
and spore formation of blue, green, and stem rot molds. Biphenyl is used primarily
on grapefniit, lemons, and oranges (Farm Chemicals Handbook, 1985; Thomson,
1985; Worthing, 1979).

o Biphenyl is the basic structural unit for the production of polychlorinated biphenyls
(PCBs) (Waid, 1986) and is a breakdown product of PCBs.

Other Sources:

o Biphenyl is also a by-product of benzene production. About 1 kg is generated for
every 100 kg of benzene (Verschueren, 1983).

FATE IN ENVIRONMENT

Partitioning:

o Based on its physical/chemical properties, biphenyl is soluble in water (Aq. Sol. =
7.5 mg/l), hlghly volatile (H estimated as 0.027 atm * m /mol), and strongly sorbed
to organic matter (Kow = 12,300). Biphenyl has a moderate potential for
bioaccumulation (BCF =500).

i’ersistence:

» Biphenyl is biodegradable. Acclimation can significantly increase the biotransfor-
mation rate. For example, in fresh sewage no degradation occurred after 24 hours,
whereas, in acclimated sewage, 87 percent was degraded after 24 hours (Ver-
schueren, 1983). In river water at 20°C, 50 percent of initial biphenyl concentra-
tions from 1 to 100 u4g/L were degraded after 1.5 to 3 days. This corresponds to a
degradation rate of 0.46/day to 0.92/day (Bailey, et al., 1983).

o The volatilization half-life in deep water was found to be 7.52 hours (Bailey et al.,
1983).

HEALTH EFFECTS

Carcinogenicity:

o Papilloma and squamous cell tumors of the forestomach were observed in rats
.(Clayton and Clayton, 1981-1982).
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o The carcinogenic potential of this compound has not been evaluated by IARC or
the U.S. EPA.

Mutagenic Activity:

o Biphenyl produced chromosome damage (sister chromatid exchange) in hamster
fibroblast cells (Sax, 1984).

Reproductive Effects:

e No effect was observed in rats fed biphenyl during fetal development (Shepard,
1980).

Other Toxicological Effects:.

o Repeated exposure to dust may result in irritation of human skin and the respiratory
tract.

o Chronic (long-term, low dose) exposure may affect the central nervous system
causing symptoms such as fatigue, headache, tremors, insomnia, sensory impair-
ment, and mood changes (Sittig, 1985).

o Brain damage and nerve degeneration were reported in workers exposed to biphe-
nyl (Gosselin, 1984).

Toxicological Effects Indices:

o Reference Dose (RfD): S x 10 mg/kg/day (PHRED, 1988).

o TWA-TLYV (time-weighted average, threshold limit value) for occupational expo-
sure: 0.2 ppm (1.5 mg/m>) (ACGIH, 1986).

e OralLDso: rat, 328 g/kg; rabbit, 2.41 g/kg (Gosselin, 1984).
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PHYSICAL/CHEMICAL PROPERTIES

Value Reference
Molecular Weight: 154.2 Verschueren, 1983
Physical State @ 20°C: solid, light tan flakes
Melting Point (°C): 69-71 Hartley & Kidd, 1983
Boiling Point (°C): 254-255 Hartley & Kidd, 1983
Specific Gravity: 1.18 @ 4°C Verschueren, 1983
Acid Dissociation Constant, pKa: N/A
Water Solubility, S (mg/L): 1.5 (25°C) Verschueren, 1983
Vapor Pressure, P (mm Hg): 1(70°C) Hartley & Kidd, 1983
Henry’s Law Constant, | .
H @25°C (atm & m’/mol): 0.027 (calc.) Lyman et al., 1982
Log (Octanol-Water Partition Coefficient), :
log Kow: : 4.09 Leo, 1983
Soil Adsorption Coefficient,
Koc (mV/g): 4.4x10° (calc.) Lyman ¢t al., 1982
Fish Bioconcentration Factor, BCF: 590 (calc.) , Lyman et al., 1982
437 (exptl.) Verschueren, 1983

" Value used for estimating aquatic effects
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CHLORDANE

CASNo.:  57-74-9 (combined form)
5103-74-2 (trans- form)
5103-71-9 (cis- form)

CAS Preferred Nomenclature:
4,7-Methano-1H-indene
1,2,4,5,6,7,8,8-octachloro-
2,3,3a,4,7,7a-hexahydro

ca a
e ¢
(o]

Cl

CyoHgCly

Empirical Formula: Ci10HsC18, occurs in cis and trans forms

Synonyms and Common Names:
- Chlor Kil - Chlorindan
- Corodan - Dowchlor
- Kypchlor - Niran
- Octa-Klor - Topiclor
- Oktaterr - Ortho-Klor
- Synklor - Octachlorodi-hydrodicyclopentadiene
- Toxichlor - Velsicol 1068
REGULATORY STATUS
Standards and Criteria:

o EPA Water Quality Criteria (for

e EPA Drinking Water Health Ad-

human consumption of fish) for a 10 visories (IRIS, 1989)

cancer risk (U.S. EPA, 1986b):
0.48 ng/L

child (10 kg):

1-day exposure = 604 g/L
10-day exposure = 60u g/L
longer-term exposure = 0.5 g/L
adult (70 kg):

longer-term exposure = 24 g/L

o EPA Ambient Water Quality Criteria e EPA Tolerance Levels for Raw

(for protection of aquatic or-
ganisms)(IRIS, 1989):

Chronicu g/L 4.3x 10'E

Acute,u g/LL 24

Agricultural Commodities (51 FR
46668):
S,a].ma.t,’g: All tolerances revoked, 12/24/86
4.0x10

9.0x10°2
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e EPA Drinking Water Standard e Food and Drug Administration Ac-

(50FR 4696): tion Level for Fish (55 FR 14361):
Proposed Maximum Contaminant 0.3 ppm,
Level = 0.002 mg/L Action Level for Other Food
Proposed Maximum Contaminant 0.1t0 0.1to 0.3 ppm

Level Goal = 0 mg/L

e FDA Action Levels are for use in
interstate commerce.

Use Restrictions and Bans:

» All uses except subsurface ground insertion for termite control cancelled in 1987.
All other uses except the dipping of roots or tops of nonfood plants were cancelled
in 1978, although some uses were phased out gradually through 1983 (43 FR 12372).
Limited sales, distribution and use of existing stocks of chlordane products allowed,
with the requirement that all applications must be done by a licensed applicator
(1987, 52 FR 42145).

SOURCES OF CHLORDANE

Total Chlordane Produced:

o In 1971, 25 million 1bs. were produced by Velsicol Chemical Co. (Ouellette and
King, 1977). In 1974, production had decreased to 22 million Ibs. (U.S. EPA, 1980).
Most uses phased out between 1978 and 1980. Velsicol Corp. is still the only U.S.
producer (U.S. EPA, 1986b).

o Oxychlordane, although not found in technical-grade chlordane, is a major meta-
bolic product of chlordane. It has comparable toxic effects (see Oxychlordane
profile) (Barnett and Dorough, 1974).

Uses of Chlordane:

o Chlordane is a chlorinated hydrocarbon originally registered as a pesticide in 1948.
Prior to cancellation in 1980, it was used for control of ants, cutworms, grasshoppers,
and other insects for corn, grapes, strawberries and other crops (Hartley and Kidd,
1987).

o Until, 1987, chlordane was used as a dip for nonfood roots and tips of plants.

o Currently, the only authorized use is for subsurface termite fumigation (52 FR
42145, 11/30/87).

" For a combination of cis- and trans-chlordane, cis- and trans-nonachlor, heptachlor, heptachlor epoxide,
oxychlordane, chlordene,and « -, B -and y - chlordene.
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FATE IN ENVIRONMENT

Partitioning:

o Based on its phys1cal/chem1cal properties, chlordane is moderately volatile (H =
9.6x10™ atm ® m /mole), sorbs moderately to soil (Kow = 2,100), and has a high
potential for bioaccumulation (BCF = 14,000).

Persistence:

o The cis- form of chlordane can hydrolyze under alkaline conditions (Kb = 4.3x10°
mol/hr). The trans- form did not hydrolyze at pH 3, 7 or 11 during the 5-day duration
of the experiments (Ellington et al., 1987). Chlordane can undergo photolysis in
the presence of photosensitizers. One degradation product is photo-cis-chlordane
(more toxic to some animals and can be bioaccumulated (IRIS, 1989)). Little
information is available on the biotransformation of chlordane in aquatic systems.
The half-life is estimated to be about 1 year (Hartley and Kidd, 1987).

HEALTH EFFECTS

Carcinogenicity:

e Chlordane administered orally has been shown to cause liver carcinomas in mice
and rats of both sexes (IRIS, 1989; Williams et al., 1984). The EPA classification is
B2, a probable human carcinogen (IARC Class 2-b) (IARC, 1979; IRIS, 1989).

Mutagenic Activity:

e Tests with chlordane in cultured mammalian cells has shown it to be mutagenic.
Results have been negative, however, in mouse and bacterial tests. Chlordane has
induced gene conversions in yeast. (U.S. EPA, 1984; IRIS, 1989).

Reproductive Effects:

e Orally-administered chlordane was not fetotoxic or teratogenic to rat offspring. It
did cause decreased fertility in both sexes for rats and in female mice. The viability
of mice and rat offspring was also decreased (U.S. EPA, 1984).

Other Toxicological Effects:
o Acute (short-term, high dose) poisoning effects are due to chlordane neurotoxicity

and can result in hyperexcitability, convulsions, depression, muscle tremors, coma
and possible death (U.S. EPA, 1984). Chronic (long-term, low-dose) exposure can

C-33



result in liver toxicity and blood disorders such as anemia (U.S. EPA, 1984).

Chronic chlordane exposure causes liver disease in rats, mice, and dogs (IRIS, 1989;
TDB, 1985-1986).

)

Toxicological Effects Indices:

o Cancer potency factor (CPF) = 1.3 (mg/kg/day)'1 (IRIS, 1989)

Concentration
. Risk Level in Drinkine W (RIS, 1989)

1in 10,000 . 3p gL
1in 100,000 - 034 gL
1in 1,000,000 0034 gL

o Reference Dose (RfD) for non-carcinogenic effects: 6x107 mg/kg/day

(RIS, 1989) -

o TWA-TLV (’rlme-welghted average, threshold limit value for occupational expo-
sures): 0.5 mg/m for skin exposure (ACGIH, 1986).
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PHYSICAL/CHEMICAL PROPERTIES

Value Reference
Molecular Weight: 409.8 Windholz, 1983
Physical State @ 20°C: pure-solid;

technical grade-

amber viscous liquid
Melting Point (°C): 103.0-105.0 (cis) Windholz, 1983

107.0-108.8 (trans-) Windholz, 1983
Boiling Point (°C): 175 Windholz, 1983
Specific Gravity: 1.56-1.57 Windholz, 1983
Water Solubility, S (mg/L): 0.056-1.85 U.S. EPA, 1986b
Vapor pressure, P (mm Hg): 1x10°% (25°C) Callahan ¢t al., 1979
Henry’s Law Constant H @ 9.6x10° U.S. EPA, 1986b
25°C (atm e m>/mol):
Hydrolysis Rates: trans-: no Ellington et al.,

degradation in 5 days 1987

cis-: Kp = 4.3x10°/

mol/hr

Octanol-Water Partition 332 U.S. EPA, 1986b
Coefficient , log Kow:
Org. Carbon Adsorption 1.4x10° U.S. EPA, 1986b
Coefficient, Koc (ml/g):
Fish Bioconcentration 1.4x10% U.S. EPA, 1986b
Factor, BCF: U.S. EPA, 1980

" Value used for estimating aquatic effects
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CHLORDANE, HEPTACHLOR, OXYCHLORDANE AND RELATED COMPOUNDS
OBSERVATIONS AND EFFECTS ON PISCIVOROUS WILDLIFE

There are several components in technical grade chlordane. Active ingredients include
chlordane, cis-chlordane, trans-chlordane, trans-nonachlor, and heptachlor (Stickel et al.
1979). The metabolic products of chlordane are oxychlordane, chlordane isomers, glucuron-
ides and heptachlor (Newell et al. 1987).

Technical grade heptachlor contains heptachlor, trans-chlordane and cis-chlordane (Stickel
et al. 1979). Heptachlor metabolizes to heptachlor epoxide (U.S. EPA 1980, as cited in
Newell).

Stickel et al. (1979) investigated the lethal levels of chlordane and the metabolites oxychlord-
ane and heptachlor epoxide in several bird species. The lethal level of heptachlor epoxide in
the brains of heptachlor fed birds was 8 ppm wet weight. In oxychlordane fed birds, the lethal
level of oxychlordane was 5 ppm wet weight. However, chlordane compounds exhibit an
additive effect. For birds that were fed chlordane, Stickel et al. (1979) found that the lethal
levels of heptachlor epoxide and oxychlordane in the brain were only about 28 percent of the
concentrations listed above.

Chlordane components and metabolites have been detected in several fish-eating bird species.
Two hundred twenty eggs were randomly collected from black-crowned night-herons in the
intermountaln western United States between 1978 and 1980. Oxychlordane was detected in
35 percent of the eggs. Over 27 percent had heptachlor epoxide residues. Cis-chlordane was
detected in 16 percent. Trans-nonachlor was found in 25 percent, and cis-nonachlor was
present in 6 percent of the eggs (Henny et al. 1984).

Ohlendorf et al (1981) collected individuals of various species of herons nationwide and
analyzed them for organochlorines. Most of the birds were found either dead or moribund.
The highest concentration of heptachlor epoxide (1.9 ppm), oxychlordane (0.87 ppm), and
trans-nonachlor (1.1 ppm in the brain), were found in a great blue heron that apparently died
from dieldrin.

Residues of these contaminants were also detected in a high percentage of dead or dying
ospreys collected from the eastern United States from 1975 to 1985 (Wiemeyer et al. 1987).
Cis-chlordane was detected in 52 percent of the ospreys. Trans-nonachlor was detected in 45
percent. Concentrations of oxychlordane and cis-nonachlor were found in thirty-five percent
of the birds, while 13 percent had detectable levels of heptachlor epoxide.

The State of New York proposed piscivorous wildlife dietary criteria for chlordane (0.5 ppm),
and for heptachlor epoxide (0.2 ppm) (Newell et al. 1987). These general criteria were
established based on existing studies with factors of uncertainty taken into account.

The effects of chlordane, oxychlordane, and heptachlor epoxide on piscivorous wildlife are
summarized in the following table:
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Effects of Chlordane* Concentrations on Piscivorous Wildlife

Animal Concentration Effect Source
Chlordane
Piscivorous
Wildlife 0.5 ppm (diet) Estimated
NOEL Newell gt al., 1987
0.37 ppm (diet) cancer risk Newell et al., 1987
of 102
Heptachlor Epoxide
Birds 8 ppm (brain) death ' Stickel et al., 1979
Piscivorous
Wildlife 0.2 ppm (diet) Estimated
NOEL _ Newell et al., 1987
0.21 ppm (diet) cancer risk Newell et al., 1987
of 10”2
Oxvchlordane
Birds 5 ppm (brain) death Stickel et al., 1979

~ *Chlordane, heptachlor epoxide, and oxyéhlordane
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CHLORPYRIFOS

CAS No.: 2921-88-2

CAS Preferred Nomenclature:
Phosphorothioic acid, 0,0-diethyl b, ?/CHrCHn
0-(3,5,6-trichloro-2-pyridinyl) ester /ko/P\O—CHzCH)
Empirical Formula: C9H11CI3NO3PS
CQH“CIaNO PS
Synonyms and Common Names:
- Dursban - Eradex
- Lorsban - Pyrinex
- Brodan
REGULATORY STATUS
Standards and Criteria:
e EPA Water Quality Criteria (for e EPA Drinking Water Health Adviso-
human consumption of fish): ries:
None established at present None established at present

e EPA Ambient Water Quality Criteria e EPA Tolerance Levels (40 CFR

(for protection of aquatic organisms) 185.1000):
(U.S. EPA, 1986): mint oil = 10 ppm
Freshwater  Saltwater citrus oil = 25 ppm
Acute,u g/L 0.083 0.041 other listed commodities = 0.05 to S
Chronic, 4 g/LL  0.041 0.0056 pPpm
e EPA Drinking Water Standard Maxi- e Food and Drug Administration Ac-
mum Contaminant Level: tion Level for Fish:
None established at present None established at present

Use Restrictions and Bans:

o Current labelling states that it is not to be applied directly to water bodies (U.S.

EPA, 1986).

¢ Meat or dairy animals are not allowed to graze in treated orchards.

« Treated seeds are not to be used for human consumption, as a feed for livestock or

poultry, or for grains to be used in making oils.



SOURCES OF CHLORPYRIFOS

Total Chlorpyrifos Produced:

In 1982 about 3,500 tons were used as an insecticide (Green gt al., 1987).

Developed during the 1960s by Dow Chemical (Midland, Michigan) to replace the
more persistent organochlorine pesticides (e.g. DDT)(SRI, 1986; U.S. EPA, 1986).

Uses of Chlorpyrifos:

Chlorpyrifos is an organophosphate insecticide developed in the 1960s to replace
the environmentally persistent organochlorine pesticides (e.g., DDT).

It hasbeen used for a broad range of insecticidal applications, including mosquitoes,
flies, household pests and aquatic larvae.

Primarily, it is used to control soil and foliar insect pests on cotton, peanuts and
sorghum (Worthing, 1983; U.S. EPA, 1986).

Chlorpyrifos is also used to control root-infesting and boring insects on a variety of
fruits (e.g., citrus crops, apples, bananas, peaches, grapes, nectarines), nuts (e.g.,
almonds, walnuts), vegetables (e.g., beans, broccoli, brussel sprouts, cauliflower,
soybeans, cabbage, peas) and field crop (e.g., alfalfa and corn)(U.S. EPA, 1984).

As a household insecticide it has been used to control ants, cockroaches, fleas, and
mosquitos (Worthing, 1983).

Chlorpyrifos is registered for use in controlling subsurface termites in California
(U.S. EPA, 1983).

It is also used to control ticks on cattle and sheep (Thomson, 1985).

Qther Sources; None identified.

FATE IN ENVIRONMENT

Partitioning.
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Based upon its physical/chemical properties, chlorpyrifos has a low volatility (H =
6.7x10° atm e m /mol), and a moderate potential for bioaccumulation
(BCF =470). Chlorpyrifos is predicted to have an intermediate volatilization rate
from surface soil (P/SKoc = 6.9x10° mm Hg e L/mg corresponding to an
estimated volatilization half-life of 23 days) (Lyman et al., 1982).



o« Chlorpyrifos is hydrophobic (i.e., has an affinity for organic soils), rapidly sorbs to
suspended organics and sediments in aquatic systems (Kow = 128,800), and remains
stable for long periods of time (U.S. EPA, 1986).

e McCall (1986) reported intermediate soil/water partition coefficients (Ks) of 50,
66, and 100 for chlorpyrifos adsorbed to a loam soil (organic carbon 0.68 percent),
a sandy loam soil (organic carbon 1.1 percent), and a silt loam soil (organic carbon
2.0 percent), respectively. In soil column studies, using 30 cm columns, approxi-
mately 5 percent of the chlorpyrifos applied leached below the top 5 cm of loam
soil, but less than 1 percent leached below the top 5 cm of sandy loam and silt loam
soils leached with 20 in. of water at a rate of 1 ml/hr.

e Murphy and Lutenske (1986) reported a high steady state BCF of 1.4x10° for
chlorpyrifos in rainbow trout.

Persistence:

o The hydrolysis half-life for chlorpyrifos in buffered, distilled water at 25°C was
found to be 22.8, 35.3 and 62.7 days at pH 8.1, 6.9 and 4.7, respectively; the rate was
enhanced 16-fold in canal and pond water at 25°C (Verschueren, 1983). McCall
(1986) reported relatively long to intermediate hydrolysis half-lives (25°C) for
chlorpyrifos of 72.8 days at pH 5, 72.1 days at pH 7, and 15.8 days at pH 9. Hydrolysis
products are 3,5,6-trichloro-2-pyridinol and O-ethyl O-(3,5,6-trichloro-2-pyridyl)
phosphorothioate. Macalady and Wolfe (1985) observed hydrolysis half-lives rang-
ing from 12-68 days in pond and river water.

o Photolysis of chlorpyrifos can occur as evidenced by the following experimental
data. Fontaine and Teeter (1987) reported a relatively short half-life of 2.6 days for
chlorpyrifos in air exposed to artificial light with a comparable but less intense
irradiation spectrum to that of sunlight. Yackovich and Miller (1984) reported
relatively short S0 percent dissipation times of 3-to 6 days for chlorpyrifos on loam
soil irradiated with >290 nm artificial light compared to a S0 percent dissipation
time of 12 days on loam soil incubated in the dark.

o Bidlack (1979) reported intermediate to relatively long 50 percent dissipation times
of 11 to 141 days (averaging 63 days) for chlorpyrifos incubated in 7 different soils
under aerobic conditions. McCall (1985) reported a 50 percent dissipation time of
7 to 10 days for chlorpyrifos incubated in a sandy loam soil under aerobic conditions.
Bidlack (1979) reported 50 percent dissipation times of 15 and S8 days for
chlorpyrifos incubated under anaerobic conditions in a loam soil and in a clay soil,
respectively.
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HEALTH EFFECTS

Carcinogenicity:

» Studies with rats, mice and dogs demonstrated no carcinogenicity (U.S. EPA, 1983).

Mutagenic Activity:

o Bacterial mutagenicity tests were negative (U.S. EPA, 1983).

Reproductive Effects:

o No teratogenic or fetotoxic effects in mice or rats (IRIS, 1989).

Other Toxicological Effects:

o Chlorpyrifos, in a manner similar to other organophosphate pesticides, interferes
with the nerve-muscle relationship by inhibiting the enzyme cholinesterase. With-
out cholinesterase, the neurotransmitter acetylcholine accumulates at nerve-mus-
cle junctions and interferes with muscle coordination (Greengt al., 1986; U.S. EPA,
1986).

o Acute (high-dose, short-term) poisoning can produce a variety of symptoms includ-
ing weakness, blurred vision, nausea, diarrhea, wheezing, tremors, psychosis, con-
vulsions, paralysis, coma, and death (Klaassen et al., 1986; U.S. EPA, 1983, 1986).

o Itis rapidly detoxified in rats and dogs (Worthing, 1983).

Toxicological Effects Indices:

o Reference Dose (RfD): 3 x 10°3 mg/kg/day (IRIS, 1989).

o TWA-TLV (time-weighted average, threshold limit value) for occupational skin
exposure: .2 mg/m3 (ACGIH, 1986).

o Oral LDso: rats, 82-245 mg/kg (U.S. EPA, 1983).
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PHYSICAL/CHEMICAL PROPERTIES

Value Reference
Molecular Weight: 351 U.S. EPA, 1983
Physical State @ 20°C: solid, white Farm Chemicals
granules - Handbook, 1987
Melting Point (°C): 42435 Hartley & Kidd, 1983
Boiling Point (°C): N/A
Specific Gravity: 1.398 @ 43.5°C Verschueren, 1983
(liquid)
Acid Dissociation Constant, pKa: N/A
Water Solubility, S (mg/L): 2(25°C) Hartley & Kidd, 1983
Vapor Pressure, P (mm Hg): 1.87x10°7 (25°C) McCall, 1983
Henry’s Law Constant,
H @ 25°C (atm e m /mol): 6.7x10° McCall, 1983
Log (Octanol-Water Partition Coefficient),
log Kow: 5.11 Leo, 1983

Soil Adsorption Coefficient, Koc(ml/g): 13,600

Fish Bioconcentration
Factor, BCF: 470 .
450 (exptl.)

Kenaga, 1980

McCall, 1983;
Kenaga, 1980

* Value used for estimating aquatic effects
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p,p -DDE

CAS No.: 72-55-9
CAS Preferred Nomenclature:
Benzene,1,1'-(dichloroethenylidene) o @ c @ c
Tbis (4-chloro- S,
Empirical Formula: Ci14HsC14 C.4HaCly
Synonyms and Common Names:
- 44'-DDE

- p,p’-Dichlorodiphenyl dichloroethylene
- 1,1-Dichloro-2,2-bis (p-chlorophenyl) - ethylene

REGULATORY STATUS
Standards and Criteria:
e EPA Water Quality Criteria (for e EPA Drinking Water Health Adviso-
human consumption of fish) for a 10 ries:
combined (DDT and DDE) cancer None established at present
risk (U.S. EPA, 1980):
0.024 ng/L
o EPA Ambient Water Quality Criteria e Food and Drug Administration Ac-
(for protection of aquatic organisms) tion Level for Fish, combined (DDT,
DDT, TDE and DDE combined TDE and DDE) (55 FR 14361):
(U.S. EPA, 1980): 5 ppm
Ereshwater
Acute,ug/lL 1.1 %%IF

Chronic, ug/L 1.0x103 1.0x10°3
e EPA Drinking Water Standard Maxi- e Food and Drug Administration Ac-
mum Contaminant Level: tion Levels for Other Foods:
None established at present 0.05 to 3 ppm

e FDA Action Levels are for use in in-
terstate commerce

Use Restrictions and Bans: Not produced commercially.
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SOURCES OF DDE

Total DDE Produced:

o DDE is a metabolic breakdown product of the insecticide DDT. DDT was first
synthesized in 1874 and was used as an insecticide starting in 1939. By 1961, 1,200
formulations were available for use on 334 crops. Peak production was 180 million
pounds in 1963 (McEwen and Stephenson, 1979).

HEALTH EFFECTS

Carcinogenicity:

¢ Liver tumors (hepatocellular carcinomas) observed in mice, but not in rats. IARC
Classification - 2b. (IARC, 1973; Sax, 1984; HSDB, 1988).

e The U.S. EPA has classified DDE as a probable human carcinogen (B2) and is
presently reviewing experimental datain order to determine a cancer potency factor
(PHRED, 1988).

Mutagenic Activity:

« Not mutagenic in bacterial assays, but weakly mutagenic in mouse lymphocytes and
cytogenetic analysis in rats (Sax, 1984; HSDB, 1988).

Reproductive Effects:

o No datalocated on teratogenicity of DDE, but did not adversely affect lactation or
neonatal growth at maternal daily doses of 10 mg/kg (HSDB, 1988).

Other Toxicological Effects:

o Causes liver damage in rats (Sax, 1984).

Toxicological Effects Indices:

s Cancer Potency Factor (CPF): 3.4x101 (mg/kg/day)'1 (IRIS, 1989).
¢ Oral LDso: rat, 880-1240 mg/kg (Sax, 1984).
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PHYSICAL/CHEMICAL PROPERTIES

Value Reference
Molecular Weight: 318.0
Physical State @ 20°C: solid
Melting Point (°C): 88-90 Callahan ¢t al., 1979
Boiling Point (°C): N/A
Specific Gravity: N/A
Acid Dissociation Constant, pKa: N/A
Water Solubility, S (mg/L): 0.04 (20°C) Callahan et al., 1979
Vapor Pressure, P (mm Hg): 6.5x10' (20°C) Callahan gt al., 1979
Henry’s Law Constant,
H @ 25°C (atm & m>/mol): 6.8x10 PHRED, 1988
Log (Octanol-Water Parti-
tion Coefficient), log Kow: 7.00 PHRED, 1983;
Mabey et al., 1982
Soil Adsorption Coefficient, Koc(ml/g): 4.4x10° PHRED, 1988;
Mabey gt al., 1982
Fish Bioconcentration
Factor, BCF: 1.8x10° (exptl.) Verschueren, 1983;
53,600 (calc)* PHRED, 1988;

Lyman et al., 1982

* Value used in estimating aquatic effects
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DDE
OBSERVATIONS AND EFFECTS ON PISCIVOROUS WILDLIFE

The use of the insecticide DDT was severely restricted in the United States in 1972. However,
the long-lived DDT and its metabolite, DDE, are still present in the tissue and eggs of many
fish eating birds.

The concentration of DDE residue in avian eggs is negatively correlated with reproductive
success. A study of black-crowned night-herons from 1978-80, determined that residues
greater than 1.0 ppm reduced eggshell thickness, and levels greater than 8.0 ppm reduce the
percentage of successful nests and clutch size, and increase the percentage of cracked eggs
(Henny et al. 1984). Almost 11 percent of eggs collected from nightherons in San Francisco
Bay in 1982 had concentrations of DDE above 8.0 pmm (Ohlendorf gt al. 1988).

For the sensitive brown pelican, a concentration greater than 0.5 ppm in eggs was estimated
to cause eggshell thinning (Blus 1972, Blus et al. 1971). From this data, the EPA in 1976
estimated a NOEL for the eggs of the brown pelican at 2.0 ppm, with a corresponding dietary
NOEL of 0.2 ppm (Newell et al. 1987). More recently, the State of New York has also
proposed a fish flesh criterion of 0.2 ppm DDE to protect all piscivorous wildlife (Newell at
al. 1987).

DDE residues in eggs at concentrations high enough to affect reproductive success were
observed in herring gull eggs from the Great Lakes between 1974 and 1978 (mean of 21 ppm
for a Lake Ontario colony in 1974) (Weseloh et al. 1979). In Maine, differences in DDE
concentrations observed between the common eider, herring gull and black-backed gull were
attributed to differences in feeding habits (Szaro gt al. 1979). The highest concentrations
(mean of 8.66 ppm) were detected in the eggs of black-backed gulls which are piscivorous and
have also been observed to eat carrion of marine mammals. The common eider, with the
lowest concentrations (mean of 0.23 ppm), feeds primarily on marine invertebrates.

DDE has also been detected in high concentrations (2.9 ppm) in eggs from the American
crocodile in the Florida Everglades (Hall et al. 1979).

In birds, the lethal effect of DDE in the brain is estimated to be about 250 ppm (as cited in
Ohlendorf et al. 1981). Although DDE is often present in the brains of piscivorous birds, it is
seldom found at levels considered lethal.

Dead or moribund bald eagles were collected nationwide from 1971 to 1974 and analyzed for
organochlorine residues. Of the 101 specimens analyzed, DDE was detected in 97 percent of
the brains. However, only one death could possibly be attributed to DDE (230 ppm)
(Barbehenn and Reichel 1981).

In 1969 and 1973 in southern Ontario, ring-billed gulls found dead of no apparent disease were

analyzed for organochlorines. Most had DDE residues in the brain, although a lethal level
was detected in only one specimen (Stickel gt al. 1984).
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Of twelve adult black-crowned night-herons found dead in 1980 and 1981 in Nevada, all had
DDE residues in the brain. Only one dead immature heron collected did not have a detectable
DDE residue in the brain (Henny et al. 1984).

The effects of DDE on piscivorous wildlife are summarized in the following table:

Effects of DDE Concentrations on Piscivorous Wildlife

Animal Concentration Effect Source
Birds 250 ppm(brain) death Ohlendorf 1981
Brown > 0.5 ppm(egg) eggshell Blus 1972;
Pelican thinning Blus ¢t al. 1971
Brown >2.0 ppm(egg) eggshell U.S. EPA 1976
Pelican
Brown > 0.2 ppm(diet) eggshell U.S. EPA 1976
Pelican thinning
Black-crowned 1.0 ppm (egg) eggshell Henny et al. 1984
Night-heron thinning
8.0 ppm (egg) reduced
clutch size
reduced percentage
of successful
nests '
increased percentage
of cracked
eggs Henny et al. 1984
Piscivorous 0.2 ppm (diet) estimated Newell et al. 1987
Wildlife NOEL
0.226 ppm cancer risk
(diet) of 102 Newell et al. 1987
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DICOFOL

CASNo.:  115-32-2
CAS Preferred Nomenclature:
Benzenemethanol, 4-chloro-.alpha.

-(4-chlorophenyl)-.alpha.-
(trichloromethyl)- ¢cls
CI—©-$—©-C1
Empirical Formula: C14H9Cl5O OH
Synonyms and Common Names: C14HCl1s0
- Kelthane - Carbax
- Mitigan - CPCA
- Acarin - Decofol
REGULATORY STATUS
Standards and Criteria:
e EPA Water Quality Criteria (for e EPA Drinking Water Health Ad-
human consumption of fish): visories:
None established at present None established at present

e EPA Ambient Water Quality Criteria e EPA Tolerance Levels for Food (21

(for protection of aquatic organisms): CFR 193.80; 40 CFR 185.410):
None established at present dried tea = 45 ppm
hops = 30 ppm

cottonseed = 0.1 ppm
other foods = 5-10 ppm

e EPA Drinking Water Standard Maxi- e Food and Drug Administration Ac-

mum Contaminant Level: tion Level for Fish:
None established at present None established at present

Use Restrictions and Bans:

o Effective December 31, 1988, all uses to be cancelled unless registered formulas
contain less than 0.1% DDT and related contaminants (51 FR 19508).
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SOURCES OF DICOFOL

Total Dicofol Produced:

Dicofol is a pesticide structurally similar to DDT which was introduced in 1957.
Technical-grade dicofol is a brown viscous oil.

Recent use in the U.S. is 2 to 3 million pounds per year (Holder, 1986). Dicofol is
produced by Rohm and Haas, Inc. and Makhteshim-Agan, Inc. (51 FR 19509).

Uses of Dicofol:

Used primarily (60%) to control mites on cotton and citrus. Other major uses
include the control of mites on apples (10%) and on ornamental plants and turf
(10%) (51 FR 19515).

Another 20% is used for the control of mites on a variety of other agricultural
products including:

- pears, apricots and cherries (51 FR 19515; Farm Chemicals Handbook, 1985)
seed crop soil treatment '

vegetables (e.g., beans and corn)

shade trees (U.S. EPA, 1986).

Other Sources: None found.

FATE IN ENVIRONMENT

Partitioning:
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Based on its physical/chemical properties, dlCOfOl is predicted to be essentially
non-volatlle inwater (H = 3.5x10° Jatm e m /mol) and from soil surfaces (P/SKoc
= 4.8x10 mm Hg e L/mg). It is very strongly sorbed to soil and sediment (Kow

= 1,148,000), and has a high potential for bioaccumulation (BCF = 5.5x10 )
(Lyman etal, 1982).

Fisher (1975) reported that dicofol and its aerobic soil breakdown products were
relatively immobile in a column expenment using sandy loam soil. Approximately
93 percent of radioactivity applied as 14¢C._dicofol and > 99 percent of the total
radioactivity accounted for remained in the upper 2 inches of a sandy loam soil
column after 30 days of aerobic aging followed by 44 days of leaching with 0.5 in/day.



o Tillman (1986) reported a maximum non-steady state, whole body BCF of 1.0x 10*

and an estimated steady-state whole body BCF > 2.5 x 10* for bluegill sunfish
exposed to 0.006 ppm dicofol for 28 days.

Persistence:

e Dicofol can hydrolyze with the rate increasing as pH increases. For example,
Warren (1986) reported hydrolysis half-lives for dicofol at (25°C) of 85 days at pH
5, 64 hours at pH 7, and 26 minutes at pH 9. The haif-life for dicofol hydrolysis in
distilled water at pH 8.2 was found to be 1 hour; in filtered river water at pH 7.5,
roughly 90% conversion of dicofol to 4,4’-dichlorobenzophenone occurred in 24
hours, though dicofol recovery was poor (Walsh and Hites, 1979).

o The photolysis half-life for dicofol was found to be 144 hours in one study using thin
films (TDB, 1985). However, studies using water and soil solutions reported longer
half-lives. For example, Carpenter (1986a) reported a relatively long pho-
todegradative half-life of > 37 days for dicofol in water exposed to artificial light
with wavelengths > 290 nm. Carpenter (1986b) reported an intermediate pho-
todegradative half-life between 21 and 30 days for dicofol adsorbed to a silt loam
soil when exposed to these same conditions. Dicofol appears to be poorly metab-
olized by microbes in aerobic soil systems (Walsh and Hites, 1979). It has been
found to undergo degradation in anaerobic sewage sludge, however (Verschueren,
1983).

HEALTH EFFECTS

Carcinogenicity:

o Technical-grade dicofol (containing an undetermined level of DDT) induced
hepatocellular (liver) carcinomas in male mice. Results were negative in female
mice as well as in rats (NCI, 1978).

o Dicofol is classified by the U.S. EPA as a possible human carcinogen (Class C) with
only limited animal evidence supporting the classification (Holder, 1986).

o Because it is structurally related to DDT and there is a large data base supporting
the carcinogenicity of DDT, it has been suggested that difocol be classified some-
where between C and B2 (as a probable human carcinogen). Further study is
necessary to determine the correct classification (Holder, 1986).

Mutagenic Activity:

o Additional studies need to be done to determine whether dicofol causes mutagenic
effects (Holder, 1986).
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o Negative results were reported for induction of chromosomal aberrations in Chi-
nese hamster lung cells and for bacterial tests (LARC, 1983).

o Positive results were noted in a micronucleus test with rat bone marrow cells
(IARC, 1983).

Reproductive Effects:

» In a multi-generation mouse study there were no effects on reproduction or fetal
development (IARC, 1983).

» With rats, dicofol influenced only early (pre-implantation) embryo development
(IARC, 1983).

Other Toxicological Effects:

» Although no symptoms of toxicity were demonstrated in dogs fed 300 ppm for one
year, two of the four test animals died before completion of the experiment (Clayton
and Clayton, 1981).

» Report of possible suppression of adrenal function (Clayton and Clayton, 1981).

Toxicological Effects Indices:

» Estimated cancer potency factor (CPF): = 0.44 (mg/kg/day)'1 (Holder, 1986).

o TheU.S. EPA Carcinogen Assessment Group recommends the use of a CPF 0f 0.34
(mg/kg/day) for any combination of dicofol, DDT, DDE and DDD (Holder, 1986).

o Occupational exposure to DDT should be limited to 1 mg/m (ACGIH, 1986).

« Oral LDsg; rats, between 575 and 1,000 mg/kg (McEwen and Stephenson, 1979;
Worthing, 1983; Matsumura, 1985).
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PHYSICAL/CHEMICAL PROPERTIES

Value Reference
Molecular weight: 370.5 Sax, 1984
Physical State @ 20°C:; Colorless solid; Kirk-Othmer, 1984;
technical grade, Matsumura, 1985
brown viscous oil
Melting Point (°C): 78.5-79.5 Hartley & Kidd, 1983
Boiling Point (°C): 180 @ 0.098mm Hg Hartley & Kidd, 1983
Specific Gravity: technical %rade, Hartley & Kidd, 1983
145@25°C
Acid Dissociation Constant, pKa: N/A
Water Solubility, S (mg/L): 0.8 (20°C) Verschueren, 1983
Vapor Pressure, P (mm Hg): 5.8x10° (calc.) Lyman et al., 1982
Henry’s Law Constant, H
@ 25°C (atm * m3/mol): 3.5x10 (calc.) Lyman gt al., 1982
Log (Octanol-Water Partition
Coefficient), log Kow: 6.06 (calc.) Lyman et a]., 1982
Soil Adsorption Coefficient, Koc (ml/g):  1.5x105 (calc.) Lyman et aj., 1982
Fish Bioconcentration Factor, BCF: 5.5x10* (calc.). Lyman et al., 1982

1.0x10* to >2.5x10* (est.)

Tillman (1986)

" Value used for estimating aquatic effects
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DIELDRIN

CASNo.:.  60-57-1
CAS Preferred Nomenclature:
2, 7:3,6-Dimethanonaphth(2,3b)oxirene, -
3,4,5,6,9,9-hexachloro-1a,2,2a,3,6,6a,7,7,7 - o !
octahydro-, (12 ,2 8,2 a,38 ,68 ,6az ,78 ,7a )- N al-a
H C
Empirical Formula: C12HgC160 C,HC ©
Synonyms and Common Names:
- Dieldrex - Illoxol
- HEOD - Octalox
REGULATORY STATUS
Standards and Criteria:
e EPA Water Quality Criteria (for e EPA Drinking Water Health Ad-

human consumption of fish) for a 10
cancer risk (50 FR 79318):
0.076 mg/L

¢ EPA Ambient Water Quality Criteria
(for protection of aquatic organisms)
(U.S. EPA, 1980):
Ereshwater  Saltwater
Acute, ug/L

25 0.71
Chronic, ug/l.  0.0019 0.0019

e EPA Drinking Water Standard Maxi-
mum Contaminant Level:
None established at present

visories (U.S. EPA, 1988; ATSDR,
1987):
¢child (10 kg):
1-day, 10-day, longer-term
exposures = 0.5 ug/L
adult (7kg):
longer-term exposure = 2 ug/L

Food and Drug Administration Ac-
tion Level for Fish, total aldrin and
dieldrin (55 FR 14361):

0.3 ppm

Food and Drug Administration Ac-
tion Levels for Other Foods (55 FR
14361):

0.02-0.3 ppm

FDA Action Levels are for use in in-
terstate commerce
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Use Restrictions and Bans:

o Suspension of uses on food products in 1974 (ATSDR, 1987).

o All uses banned in 1985 except for subsurface termite control, dipping of nonfood
roots and tops, and moth proofing in a closed system by manufacturing processes
(U.S.EPA, 1985). These uses have been voluntarily cancelled by industry (ATSDR,
1987).

SOURCES OF DIELDRIN

Total Dieldrin Produced:

o In 1970 about 670,000 Ibs were used. Dieldrin is no longer produced in the U.S.
Until 1985, products containing dieldrin were imported from Europe. None have
been imported since then.

Uses of Dieldrin:

o Dieldrin is an organochlorine pesticide that was widely-used from 1950 to 1974 for
controlling soil-dwelling insects, especially termites, on cotton, corn and citrus
CIops.

¢ Uses prior to 1974 included the following (Worthing, 1983):

- Control of locusts

- Control of tropical disease carriers (e.g., mosquitos)
- Wood preservative

- Termite control for electrical cables and buildings

- Moth proofing woolen clothes and carpets.

Other Sources:

« Breakdown product (by oxidation) of the pesticide aldrin (Verschueren, 1983)

FATE IN ENVIRONMENT

Partitioning:
o Based on jts physical/chemical properties, dieldrin has a low volatility (H = 2x10°7

atm e m°/mol), sorbs readily to soil organic matter (Kow = 20,890), and has a high
potential for bioaccumulation (BCF = 4,670).
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Persistence:

o Dieldrin can undergo hydrolysis under neutral pH conditions (Ka = 7.5x10°%/
mole/hr) but the half life is long (10.5 years) (Ellington’ et al., 1986). Direct
photolysis of dieldrin can also occur; the half life is about 2 months (Callahan, et
al,, 1979).

o Dieldrin can be biotransformed very slowly by soil microbes to an epoxide which
is more toxic to some insects than the parent compound. Further degradation
results in the ketone-aldrin, an aldehyde and alcohols (Morrill et al., 1982). Under
aerobic conditions, dieldrin can be degraded to 6,7-trans-dihydroxydihydroaldrin
(Kirk-Othmer, 1978).

HEALTH EFFECTS

Carcinogenicity:

¢ Dieldrin has caused liver carcinoma in feeding studies (oral administration) with
five strains of male and female mice (50 FR 10080). The EPA has classified dieldrin
as a B2, probable human carcinogen, IARC classification 2b. (IARC, 1982,
PHRED, 1988):

Mutagenic Activity:

¢ Mutagenic in human lung cells in culture. Interferes with metabolic cooperation
in cultured cells (i.e., it promotes mutagenic activity). Negative in mouse dominant

lethal test, Salmonella, yeast and Drosophila (fruit flies). Inconclusive data on
chromosome damage to mouse bone marrow cells (IARC, 1982).

Reproductive Effects:

o In hamsters, high doses of dieldrin exposure resulted in fetal deaths, congenital
defects and retarded growth (Proctor and Hughes, 1978).

o Decreased fertility in rats and mice; increased postnatal mortality in rats (ATSDR,
1987).

Other Toxicological Effects:

o Identified as a neurotoxin (Clayton and Clayton, 1981). The acute affects can

include: headache, dizziness, hyperexcitability, tremors, convulsions, depression
and death (ATSDR, 1987).

o Chronic effects: damage to liver in rats, dogs, and hamsters, also evidence of
suppressed immune systems (Gosselin et al., 1984).
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o Low levels decreased learning capabilities in monkeys (50 FR 10080).

Toxicological Effects Indices:

o Cancer potency factor (CPF): 16 (mg/kg/day)'1 (U.S. EPA, 1987a).
o Reference Dose (RfD): 5x10°3 mg/kg/day (U.S. EPA, 1987b).

e TLV-TWA (time-weighted average, threshold limit value) for occupational skin
exposure: 0.25 mglm3 (ACGIH, 1986).

o LD5p in humans, approximately S mg/kg (ATSDR, 1987).
e Oral LDso: rats, 46 mg/kg (Sax, 1984).
¢ Tolerance levels for agricultural commodities: 0 to 0.1 ppm (ATSDR, 1987).
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PHYSICAL/CHEMICAL PROPERTIES

Value Reference
Molecular Weight: 380.9 Windholz, 1983
Physical State @ 20°C: solid; buff to light Worthing, 1983

tan flakes; mild odor
Melting Point (°C): 175-176 Callahan et al., 1979
Boiling Point (°C): N/A
Specific Gravity: 1.75 Verschueren, 1983
Acid Dissociation Constant, pKa: N/A
Water Solubility, S (mg/L): 0.186 (20°C) Callahan et al., 1979
Vapor Pressure, P (mm Hg): 3.1x10°8 Callahan et al., 1979
Henry’s Law Constant,
H @ 25°C (atm ® m>/mol): 2x10°77 (20°C) U.S. EPA, 1986b
Hydrolysis, Ka, 1/mole/hr 7.5x10° Ellington et al.,

1986

Log (Octanol-Water Partition Coefficient),
log Kow: 4.32 Leo, 1983
Soil Adsorption Coefficient,
Koc(ml/g): 1700 _ Mabey et al., 1982
Fish Bioconcentration Factor, BCF: 4670 U.S. EPA, 1980

" Value used for estimating aquatic effects
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DIELDRIN
OBSERVATIONS AND EFFECTS ON PISCIVOROUS WILDLIFE

The concentration of dieldrin in the brain determined to cause death in several bird species
appears to be quite low. The average level that put the animal at risk of death is between S
and 9 ppm (Ohlendorf gt al. 1981 and Stickel gt al. 1972). A concentration of 6.8 ppm was
determined to be the average level lethal to birds from several laboratory studies (Heinz and
Johnson 1981). However, levels as low as 1 ppm in the brain may trigger irreversible starvation
in sensitive individuals (Heinz and Johnson 1981). During starvation, mobilization of low
concentrations of dieldrin from body fats to the brain may cause death, after concentrating to
a lethal level (Newell et al. 1987).

Dieldrin is commonly found in the brain, tissues, and eggs of fisheating birds that also have
residues of organochlorines such as DDE and PCBs. Dieldrin was the apparent cause of death
for several ring-billed gulls in southern Ontario in 1969 and 1973. Stickel et al. (1984) analyzed
54 gulls that had died of no apparent disease. Of these birds, eight specimens had dieldrin
levels in the brain greater than S ppm. The cause of death in many of the other gulls was most
likely PCB contamination (Stickel et al. 1984).

From 1971 to 1971, 101 dead or dying bald eagles were collected and analyzed for organochlo-
rines. Based on the data provided, four eagles had died from lethal concentrations of dieldrin
(concentrations near S ppm in the brain) (Barbehenn and Reichel 1981).

In a nationwide survey of 72 species of heron found dead or moribund between 1966 and 1973,
10 specimens had greater than 5 ppm in the brain and had possibly died of dieldrin poisoning.
Eight others had concentrations of dieldrin greater than 2.0 ppm in the brain (Ohlendorf gt
al. 1981).

Based on a number of studies in the literature, the State of New York proposed a dietary fish
flesh criterion of 0.12 ppm to protect piscivorous wildlife (Newell et al. 1987).

The effects of dieldrin on piscivorous wildlife are summarized in the following table:
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Effects of Dieldrin Concentrations on Piscivorous Wildlife

Animal Concentration Effect Source
Birds 5 ppm (brain) death Stickel et al.,
1972
Birds 6.8 ppm death Heinz and
Johnson, 1987
Birds (sensitive 1.0 ppm (brain) irreversible Heinz and
individuals) starvation Johnson, 1987
Piscivorous 0.12 ppm (diet) estimated NOEL Newell et al.
Wildlife 1987,
0.022 ppm (diet) cancer risk of Newell et al.,
10° 1987
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DIPHENYL DISULFIDE

CAS No.: 882-33-7
CAS Preferred Nomenclature:

Disulfide, diphenyl @_ _@
ss

Empirical Formula: C12H10S2

C H S
Synonyms and Common Names: 12 10 2

- Phenyl disulfide

REGULATORY STATUS

o No use restrictions or regulatory standards.

SOURCES OF DIPHENYL DISULFIDE

Total Diphenyl Disulfide Produced:

« Manufactured by Parish Chemical Co., less than 23,000 pounds of diphenyl disulfide
were produced in 1982 (Perwak gt al., 1983; SRI, 1986).

Uses of Diphenyl Disulfide:

o Diphenyl disulfide is used primarily as a flavoring agent in non-alcoholic beverages,
ice cream, candy, gelatin and pudding (Perwak et al., 1983).

o Small amounts are used in the pharmaceutical industry and as a vulcanizing agent
in the manufacture of rubber (Perwak gt al., 1983).

FATE IN ENVIRONMENT

Partitioning:
o Based on measured properties and structure-activity relatlonshlps diphenyl disul-

fide can volatilize at a low rate (H = 7.6x10 6 atmem /mole) and has a moderately
strong tendency to sorb to soil (Kow=25,700).
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Persistence:
o Little information is available on transformation processes in the environment.

Hydrolysis and biodegradation are not expected to occur at environmentally signif-
icant rates (Perwak et al., 1983).

HEALTH EFFECTS

Carcinogenicity:

o The U.S. EPA has not evaluated the potential carcinogenicity of diphenyl disulfide.

Other Toxicological Effects:

o There are no reports of adverse health effects caused by diphenyl disulfide in either
animals or humans.

Toxicological Effects Indices:

o Intraperitoneal LDso: ‘mice, 100 mg/kg (Tatken and Lewis, 1983).
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PHYSICAL/CHEMICAL PROPERTIES

Value Reference
Molecular Weight: 2183 Weast, 1986
Physical State @ 20°C: solid
Melting Point (°C): 61-62 Weast, 1986
Boiling Point (°C): 310 Weast, 1986
Specific Gravity: 1.353 Weast, 1986
Acid Dissociation Constant, pKa: N/A
Water Solubility, S (mg/L): 5.1 Lyman, et al,, 1982
Vapor Presure, P (mm Hg): . 1.4x10 Lyman, ¢t al., 1982
Henry’s Law Constant, H @ 25 °C
(atme*m>/mol): 7.6x10° Lyman, et al., 1982
Log (Octanol-Water Partition
Coefficient), log Kow: 441 Leo, 1983
Soil Absorption Coefficient, Koc(ml/g): 7900 Lyman, et al., 1982
Fish Bioconcentration Factor, BCF: = 1200 (calc.)' Lyman, et al., 1982

" Value used for estimating aquatic effects
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ENDRIN

CAS No.: 72-20-8
CAS Preferred Nomenclature:
2,7,3,6-Dimethanonaphth(2,3b)oxirene,

3,4,5,6,9,9-hexachloro-1a,
2,2a,3,6,6a,7,7a-octahydro- a
a
Empirical Formula: C12HgClsO ° cl
a
Synonyms and Common Names: CyqHeCleO
- Endrex - Insecticide 269
- Endriocol - Mendrin
- Hexadrin - Oktanex
REGULATORY STATUS

Standards and Criteria:

e EPA Water Quality Criteria (for e EPA Drinking Water Health Adviso-
human consumption of water and ries (U.S. EPA, 1989):
fish) (PHRED, 1988): child (10 kg):
1ug/L 1-day exposure = 20ug/L

10-day exposure = 20 ug/L
longer-term exposure = 3 ug/L
adult (70 kg):

" longer-term exposure = 10ag/L
lifetime exposure = 2 ug/L

e EPA Ambient Water Quality Criteria ¢ Food and Drug Administration Ac-

(for protection of aquatic organisms) tion Level for Fish (FDA, 1986 and 52
(U.S. EPA, 1980): FR 18025):
Ereshwater  Saltwater 0.3 ppm
Acute, ug/lL  0.18 0.0023 Action Level for Other Foods:
Chronic, ug/LL 0.037 0.0023 0.02to 0.3 ppm

e FDA Action Levels are for use in in-
terstate commerce

e EPA Drinking Water Standard Maxi-
mum Contaminant Level: (40 CFR
141.12):

0.0002 mg/L
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Use Restrictions and Bans:

Endrin is an organochlorine compound originally registered as a pesticide in 1951.
It was used to control a wide variety of pests until its long-term persistence in soils
and high levels of mammalian toxicity were recognized.

In 1964, the high level of endrin persistence in soils led to cancellation of its use on
tobacco (Sittig, 1980; U.S. EPA, 1980).

By 1979, specified uses on cotton, small grains, apple orchards, sugarcane, and
ornamentals were also restricted (44 FR 43632).

In 1984, the sole remaining producer of endrin voluntarily requested cancellation
of registration of all endrin products. This action effectively ended its use in the
U.S. (U.S. EPA, 1984).

SOURCES OF ENDRIN

Total Endrin Produced:

Endrin was first used in the U.S. in 1951. By 1971, approximately 1 million pounds
of endrin were produced by Velsicol (Ouellette and King, 1977).

Endrin production had decreased to 400,000 pounds by 1978 (U.S. EPA, 1978).

Uses of Endrin:

Endrin is a broad spectrum pesticide and has been used to control many pests,
including termites, mice and army worms.

Prior to 1979, the main domestic use of endrin was for the control of cotton
bollworms (an insect larva) which attack cotton crops in the southeastern and
Mississippi delta states (U.S. EPA, 1980).

Registered uses of endrin included foliar treatment for citrus, potatoes, barley, oats,
rye, wheat, cotton, apple orchards, sugarcane, various flowers and bark treatment
for ash and hackberry trees (U.S. EPA, 1986).

Endrin has also been used to control pest populations of birds and rodents (U.S.
EPA, 1980).

Other Sources:
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Isodrin may be metabolically converted to endrin (Matsumura, 1985).

Endrin is also found in the pesticide dieldrin in small quantities (Verschueren,
1983).



FATE IN ENVIRONMENT

Partitioning:

o Based on its physical/chemical properties, endrin is strongly sorbed to organic
matter (Kow =219,000) and volatilizes slowly from water (H = 4x10-7 atm ® m3/mol)
It volatilizes from soils even slower with an estimated half-life of 34 days (p/SKoc
= 4.7x10"° mm Hg e L/mg). Bioaccumulation is an unportant fate process;
b10concentrat10n factors are moderately high to very high, ranging from 6. 8x10% to
1.3x10% in microcosm experiments (Callahan et al., 1979 and Lyman et al., 1982).

Persistence:

o Endrin is very resistant to hydrolysis (half-life over 4 years). Photolysis of endrin
in hexane has been documented. No data concerning the photolysis rate of endrin
in the aqueous environment was found. A half-life of about 7 days was observed
when endrin was applied to a sandy loam soil and exposed to sunlight (Shell
Chemical Co., 1975).

¢ Endrin can undergo biotransformation. Guenzi (1974) reported a biodegradation
loss rate of 4-5% per year over 14 years.

HEALTH EFFECTS

Carcinogenicity:

o No evidence of endrin carcinogenicity has been reported (U.S. EPA, 1980). Treon
etal (1955) reported that the incidence of cancers in rats fed endrin for 2 years was
no greater than in control rats.

o A National Cancer Institute bioassay determined no carcinogenic effects in rats or
mice (NCI, 1979).

o The U.S. EPA has classified endrin as a Class D carcinogen (inadequate evidence
of carcinogenicity in animals).

Mutagenic Activity:

¢ Conflicting results have been reported for endrin mutagenicity. Dikshith and Datta
(1972) reported chromosomal aberrations and cellular degeneration in rat testes.
However, negative results for endrin have been recorded with the mouse dominant
lethal test (TDB, 1984).
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Reproductive Effects:

o Pregnant rats and mice fed endrin showed reduced fetal survival rates (Nodu et al.,

1972). Endrin-exposed mouse fetuses had a higher incidence of club feet.

Endrin produced embryocidal and teratogenic effects in pregnant hamsters. Single
doses of endrin (5 mg/kg) resulted in increased fetal death, congenital abnormalities
(i.e., eye deformities, cleft palate and fused ribs) and growth retardation. Lower
doses (1.5 to S mg/kg) did not cause similar effects (Ottolenghi et al., 1974; Chernoff
et al., 1979).

Other Toxicological Effects:

o Regardless of the method of exposure, endrin, like the related compounds aldrin

and dieldrin, is highly toxic to humans (Matsumura, 1985). In one animal study
endrin was shown to be five times as toxic as dieldrin (U.S. EPA, 1980).

Primarily, the central nervous system is affected with acute (short-term, high dose)
poisoning by endrin. A range of symptoms can be caused, including dizziness,
nausea, confusion, hyperexcitability, generalized tremors or twitching, and convul-
sions. Death from respiratory failure may also occur (U.S. EPA, 1980; Sax, 1984).

In rats and dogs chronic (long-term, low dose) exposure to endrin has led to poor
survival rates and degenerative changes in the liver, kidneys and brain (U.S. EPA,
1980).

Chronic human exposure to endrin (e.g., in the production of the pesticide) was not
shown to cause adverse health effects (Jager, 1970).

Toxicological Effects Indices:
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Reference Dose (RfD): 3x10™ mg/kg/day (U.S. EPA, 1989).

TWA-TLV (time-weighted average, threshold limit value) for occupational skin
exposure: 0.1 mg/m3 (ACGIH, 1986).

Oral LDso: rats, 3-43 mg/kg; rabbits, 7-10 mg/kg; monkeys, 3 mg/kg (U.S. EPA,
1980; Sax, 1984; Matsumura, 1985).



PHYSICAL/CHEMICAL PROPERTIES

Value Reference
Molecular Weight 380.9 Windholz, 1983
Physical State @ 20°C: white crystalline Matsumura, 1985
solid; technical
grade, light tan
powder
Melting Point (°C): Decomposition U.S. EPA, 1980
above 200°C
Boiling Point (°C): N/A
Specific Gravity 1.7 @ 20°C U.S. EPA, 1980
Acid Dissociation Constant, pKa: N/A
Water Solubility, S (mg/L): 0.25 (25°C) Callahan et al., 1979
Vapor Pressure, P (mm Hg): 2107 (25°C) Callahan gt a]., 1979
Henry’s Law Constant, H @
25°C (atm e m/mole): 4x107 Mabey et al., 1982
Log (Octanol-Water
Partition Coefficient), log Kow: 3.54 Leo, 1983
Soil Adsorption Coefficient, Koc (ml/g): 1.7x10° PHRED, 1988
Fish Bioconcentration 6.8x10% to Verschueren et al.,
Factor, BCF: 1.3x10* 1983; Callahan et al.,
(exptl.) 1979
1480 PHRED, 1988
3970* U.S. EPA, 1980

*Value used in estimating aquatic effects
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ENDRIN
OBSERVATION AND EFFECTS ON PISCIVOROUS WILDLIFE

Endrin is lethal to birds at very low concentrations. In the brain, concentrations of only 0.8
ppm or more result in death. Levels between 0.6 ppm and 0.8 ppm are hazardous and result
in either survival or death (Stickel gt al. 1979).

During 1975 and 1976, twelve of fifteen dead white pelicans collected from refuges in northern
California had lethal levels of endrin in the brain (0.74 to 2.7 ppm). Stickeletal. (1979) blamed.
these deaths on the presence of endrin in the agricultural return flows entering the refuges.

White pelicans were also found dead with high levels of endrin near the Teton Dam disaster
of 1976. On the Gulf Coast of Louisiana, both white and brown pel icans were found dead
with endrin present in the brain (Stickel et al. 1979).

Ohlendorf je al. (1981) recorded lethal levels of endrin in the brain of one heron from
Minnesota in 1972, and one from Wisconsin in 1978. Bald eagles with lethal levels of endrin
were found in Iowa in 1977 and in Minnesota in 1976 (Stickel et al. 1979).

The endrin concentration in eggs appears to affect hatching success. For the brown pelican,
Blus et al. (1979) estimated that concentrations of greater than 0.5 ppm in the eggs caused
reproductive impairment (as cited in Newell et al. 1987). Pelican eggs from Louisiana during
1972 to 1974 commonly contained 0.5 ppm endrin (Stickel et al. 1979).

Based on data from several laboratory studies, the State of New York proposed a dietary fish
flesh criterion of 0.025 ppm endrin to protect piscivorous wildlife (Newell et al. 1987).

The effects of endrin on piscivorous wildlife are summarized in the following table:
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Effects of Endrin Concentrations on Piscivorous Wildlife

Animal Concentration Effect Source

Bird 0.6 - 0.8 ppm hazardous Stickel gt al.,
(brain) 1979

Bird 0.8 ppm (brain) death Stickel gt al.,

1979
Brown Pelican 0.5 ppm (egg) reproductive Blus et al., 1979
impairment
Piscivorous 0.025 ppm (diet) estimated NOEL Newell et al.,
Wildlife 1987
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HEPTACHLOR

CASNo.:  76-44-8

CAS Preferred Nomenclature:
4,7-Methano-1H-indene o
1,4,5,6,7,8,8-heptachloro-3a,4,7,7a-tetrahydro- H H a
Empirical Formula: C10HsC17 ! QECBC'
a "H G
Synonyms and Common Names: CyHsCh
- Velsicol 104 - Heptagran
- Rhodiachlor - Heptalube
- Heptox - Drinox H-34
E3314 - Gold Crest H-60
REGULATORY STATUS
Standards and Criteria:
o EPA Water Quahty Criteria (for e EPA Drinking Water Health Adviso-
human consumption of fish) for a 10 ries (IRIS, 1989):
cancer risk (IRIS, 1989): child (10 kg):
0.00029 ug/L 1-day and 10-day exposures = 10 ug/L
longer-term exposure = Sug/L
adult (70 kg):

longer-term exposure = 17.5 ug/L

e EPA Ambient Water Quality Criteria e Food and Drug Administration Ac-
(for protection of aquatic organ- tion Level for Fish (heptachlor + hep-
isms)(IRIS, 1988): tachlor epoxide)(55 FR 14362):

Emhwaltﬂ: 0.03 ppm
Acute, ug/lL  S. leO 3x10
Chronic, ug/L. 3. 8x107 3.6x10°

¢ EPA Drinking Water Standard (50 e FDA Action Levels for Other Foods
FR 46936; IRIS, 1989): (55 FR 14362):
Proposed Maximum Contaminant 0.01 to 0.02 ppm

Level = 0.0004 mg/L
Proposed Maximum Contaminant
Level Goal = 0 mg/L

e FDA Action Levels are for use in in-
terstate commerce
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Use Restrictions and Bans:

o Alluses except subsurface ground insertion for termite control and dipping of roots
or tops of nonfood plants banned by 1983 (43 FR 12372).

SOURCES OF HEPTACHLOR

Total Heptachlor Produced:

o In 1971, 6 million Ibs. were produced by Velsicol Chemical Co. (Ouellette and King,
1977).

» By 1983, most uses had been cancelled (Rafats and MacLean, 1986).

o Heptachlor is no longer sold in the U.S. as of 8/87, but remaining stock can be used
in some states by commercial exterminators for termite control (ATSDR, 1987).

Uses of Heptachlor:

« Production of heptachlor as a registered insecticide began in 1952. It was widely
used to control fire ants in southern states (Rafats and MacLean, 1986) and to
control soil insects on corn and other crops (U.S. EPA, 1980).

o Use of registered products (e.g., soil treatment for pineapples and sugarcane)
allowed only by certified applicators (U.S. EPA, 1986b). No uses are allowed in
Minnesota, Massachusetts, and New York (ATSDR, 1987).

Other Sources:

e Contaminant of the pesticide chlordane (Callahan, et al., 1979). ~

FATE IN ENVIRONMENT

Partitioning:
o Basedonits physmal/chemlcal properties, heptachlor is moderately volatile (H =

1.48x10™ atm * m /mol) strongly sorbed to sedlment (Kow = 186,000), and has a
high potential for bioaccumulation (BCF = 1 57x10* ).

Persistence:

o Heptachlor can persist in aquatic systems once it sorbs onto sediment.

o Heptachlor in the water column can undergo hydrolysis, photolysis and can be
oxidized to heptachlor epoxide. Heptachlor is hydrolyzed to 1-hydroxychlordene;
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the half-life is one to three days (Callahan et al., 1979). Specific near-surface rate
constants for photolysis were not found, although photoisomerization is thought to
occur (Verschueren, 1983).

o Heptachlor can be biotransformed to heptachlor epoxide or chlordane, but at a
slower rate in aquatic systems than abiotic hydrolysis (Callahan ¢t al., 1979).

HEALTH EFFECTS

Carcinogenicity:

Exposure to heptachlor induced liver tumors in two strains of mice, but tests using
rats did not result in any tumors(IRIS, 1989). The EPA classification is B2, a
probable human carcinogen, based on tumors in mice and the fact that related
chemicals cause liver cancers (U.S. EPA, 1986b).

Mutagenic Activity:

o Mutagenic effects were not observed in tests using bacteria, Drosophila or mam-
malian liver cells. Increased chromosomal aberrations were found in tests using
mouse bone marrow cells. (IARC, 1979; U.S. EPA, 1980; IRIS, 1987).

Reproductive Effects:

o Exposure to heptachlor has been associated with stillbirths in humans.

o In animals, observed effects include decreased fertility and decreased survival of
newborns in rats and liver damage in dogs (U.S. EPA, 1980).

Other Toxicological Effects:

» Acute (short-term, low dose) exposure of humans can cause blood disorders,
including anemia and leukemia, and central nervous system damage (e.g., hyperex-

citability, depression, and convulsions) (U.S. EPA, 1980, 1986b; IARC, 1979).

o Hepatotoxicity, renal and adrenotoxicity, and blood disorders have been reported
from chronic, (long-term, low dose) exposure to heptachlor in animals.

Toxicological Effects Indices:

o Cancer Potency Factor (CPF): 4.5 (mg/kg/day)'1 (IRIS, 1989).
o Reference Dose (RfD):5 x 107 mg/kg/day (U.S. EPA, 1987a; IRIS, 1989).

o TWA-TLV (Ume-welghted average, threshold limit value), for occupational skin
exposure: 0.5 mg/rn (ACGIH, 1986).
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PHYSICAL/CHEMICAL PROPERTIES

Value Reference
Molecular Weight: 3733 Windholz, 1983
Physical State @ 20°C: solid
Melting Point (°C): 95-96 (pure) Hartley and Kidd, 1987
46-74 (technical grade)
Boiling Point (°C): 135-145°C at U.S. EPA, 1986¢
1-1.5 mm Hg
Specific Gravity: 1.57-1.59 U.S. EPA, 1986¢
at 9°C
1.65-1.67 U.S. EPA, 1986¢
at 25°C
Acid Dissociation Constant, pKa: N/A
Water Solubility, S (mg/L): 0.056-0.18 Callahan et al., 1979
at 25°C
Vapor pressure, P (mm Hg): 3x10™ at 25°C Verschueren, 1983
Hydrolysis, Ka 1/hr: 0.03 at 30°C Callahan ¢t al., 1979
Henry’s Law Constant H @
25°C (atm e m>/mol): 1.48x107 Mills et al., 1985
Log (Octanol-Water Partition
Coefficient), log Kow: 527 Leo, 1983
44 Mabey et al., 1982
Soil Adsorption Coefficient, Koc (ml/g): 1.2x10° Mabey et al., 1982
Fish Bioconcentration Factor, BCF: 1.1x102 to Verschueren, 1983
2.1x10
11,200* U.S. EPA, 1980

*Value used for estimating aquatic effects

C-93



REFERENCES

ACGIH (American Conference for Governmental Industrial Hygienist). 1986. Threshold
Limit Values for Chemical Substances in the Work Environment. ACGIH, Cincinnati, OH.

ATSDR. 1987. Draft Toxicological Profile for 2,3,7,8-Tetrachlorodibenzo-p-Dioxin. U.S.
Public Health Service, Oak Ridge National Lab, Oak Ridge, TN.

Callahan, M.A., M.W. Slimak, N.W. Gabel, LP. May, C.F. Fowler, J.R. Freed, P. Jennings,
R.L. Durfee, F.C. Whitmore, B. Maestri, W.R. Mabey, B.R. Holt, and C. Gould. 1979.
Water-Related Environmental Fate of 129 Priority Pollutants, Vol. I. Office of Water
Planning and Standards, U.S. Environmental Protection Agency. EPA-440/4-79-029a.

Hartley, D. and H. Kidd, eds. 1987. Agrachemicals Handbook. Royal Society of Chemistry.
Nottingham, England.

International Agency for Research on Cancer. 1979. IARC Monographs on the Evaluation
of the Carcinogenic Risk of Chemicals to Humans, Vol. 20. IARC, Lyon, France.

IRIS, 1989. Integrated Risk Information System Database. U.S. EPA, Washington, D.C.
Leo, AJ. 1983. Log P Parameter Database. Pomona College, Claremont, California.

Mabey, W.R,, J.H. Smith, R.T. Podoll, H.L. Johnson, T. Mill, T.W. Chou, J. Gates, LW.
Partridge, H. Jaber, and D. Vandenberg. 1982. Agquatic Fate Process Data for Organic
Priority Pollutants. SRI International. EPA 440-4-81-014.

Mills, W.B., D.B. Porcella, M.J. Ungs, S.A. Gherini, K.V. Summers, L. Mok, G.L. Rupp, G.L.
Bowie, and D.A. Haith. 198S. Water Quality Assessment: A Screening Procedure for Toxic

and Conventional Pollutants in Surface and Groundwater. U.S. Environmental Protection
Agency: Athens, Georgia. EPA 600/6-85/002a. 444 pp.

Ouellette, R.P. and J.A. King. 1977. Chemical Week Pesticides Register. McGraw-Hill Book
Co., New York.

Rafats, J. and J. MacLean. 1986. Heptachlor Contamination, Special Reference Brief.
National Agricultural Library, Beltsville, Maryland. NAL SRB 86-02.

Toxicology Data Bank (TDB) Database. 1985-1986. Available through the National Library

of Medicine’s MEDLARS System, National Library of Medicine, TDB Peer Review Com-
mittee.

U.S. EPA. 1980. Ambient Water Quality Criteria for Heptachlor. U.S. EPA Office of Water
Regulations and Standards, Criteria and Standards Division. EPA 440/5-80-052.

C-94



U.S. EPA. 1985. Suspended, Cancelled, and Restricted Pesticides. U.S. EPA Office of
Pesticides and Toxic Substances, Washington, D.C.

U.S. EPA. 1986a. Computer Retrieval From Office of Pesticides for Registered Sites and
Number of Products Registered.

U.S. EPA. 1986b. Superfund Public Health Evaluation Manual. Office of Emergency and
Remedial Response, Washington, D.C. EPA-540/1-86/060.

U.S. EPA. 1986¢c. Pesticide Fact Sheet Number 107.1: Heptaéhlor. Office of Pesticide
Programs, Washington, D.C. EPA-540/FS-87-202. PB-87-233748.

U.S. EPA. 1987a. Draft. RCRA Facility Investigation (RFI) Guidance. Office of Solid
Waste. OSWER Directive 9502,00-6C.

U.S. EPA. 1987b. Health Advisory for Heptachlor and Heptachlor Epoxide. Office of
Drinking Water.

Verschueren, K. 1983. Handbook of Environmental Data on Organic Chemicals. 2nd ed.
Van Nostrand Reinhold, New York.

Windholz, M., ed. 1983.
Biologicals. 10th ed. Merck Co., Inc., Rahway, New Jersey.

C-95



C-96



HEPTACHLOR EPOXIDE

CAS No.: 1024-57-3
CAS Preferred Nomenclature:
2,5-Methano-2H-indeno(1-2-b)oxirene,

2,3,4,5,6,7,8-heptachloro-1a,1b,5,5a,6,6a- c
hexahydro- cl
Empirical Formula: Ci0Hs5Cl70 ol @' °
Synonyms and Common Names: Cl CH
- 1,4,5,6,7,8,8-Heptachloro-2,3-epoxy- C,oH5 €1, 0
2,3,3a,4,7,7a-hexahydro-4,7-methanoindene,
- Epoxy heptachlor
- Velsicol 53-CS-17
REGULATORY STATUS
Standards and Criteria:
o EPA Water Quality Criteria (for e EPA Drinking Water Health Ad-
human consumption of fish) for a 10 visories (IRIS, 1989):
cancer risk (IRIS, 1989): child: (10kg)
0.00029 ug/L long-term exposure = (.13 ug/L
adult: (10kg)

long-term exposure = 0.5 ug/L

o EPA Ambient Water Quality Criteria e Foodand Drug Administration Ac-

(for protection of aquatic or- tion Level for Fish (heptachlor + hep-
ganisms)(IRIS, 1989): tachlor epoxide)(55 FR 14362):
Er:&hn&al.u 0.03 ppm
Acute, ug/lL  52x10° 5.3x10°
Chronicug/L. 3.8x107 3.6x103
e EPA Drinking Water Standard (50 e Action Levels for Other Foods:
FR 46936): 0.01 to 0.02 ppm

Proposed Maximum Contaminant
Level = 0.0002 mg/L
Proposed Maximum Contaminant
Level Goal = 0 mg/L

e FDA Action Levels are for use in in-
terstate commerce
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Use Restrictions and Bans:

Restrictions on heptachlor, the parent compound, were instituted in 1978. Hepta-
chlor is no longer sold in the U.S. as of 8/87 but remaining stock can be used in some
states by commercial exterminators for termite control. No uses are allowed in
Minnesota, Massachusetts, and New York (ATSDR, 1987).

SOURCES OF HEPTACHLOR EPOXIDE

Not produced as a separate chemical.

Heptachlor epoxide is a metabolic breakdown product of heptachlor which can be
produced in microorganisms, plants and animals (including humans).

It is a contaminant of heptachlor and chlordane.
Most uses of heptachlor have been banned. However, heptachlor epoxide can still
be found in the environment.

FATE IN ENVIRONMENT

Partitioning:

Based on its physical/chemical properties, heptachlor epoxide is somewhat volatile
H= 4.4x10 atm o m /mol), sorbs to organic matter to a moderate extent (Kow
= 500), and can be bioaccumulated (BCF values range from 850 to 4,500 based on
experimental data).

Persistence:

o Heptachlor epoxide is resistant to biotransformation. Its estimated half-life in soils

is several years (U.S. EPA, 1987a).

o Heptachlor epoxide is not susceptible to hydrolysis, oxidation or photolysis.

(Mabey et al., 1982 and Eichelberger and Lichtenberg, 1971).

HEALTH EFFECTS

Carcinogenicity:
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o Exposure to heptachlor epoxide caused an increased incidence of liver carcinomas
in rats and mice and hepatomas in female rats (IRIS, 1989). It is classified as a
probable human carcinogen (B2) by the U.S. EPA (1986).



o Some increased lung and bladder cancers occurred in pesticide manufacturing plant
workers, but it is difficult to associate occurrences with quantitative doses of a
specific chemical. (ATSDR, 1987).

M ¢ Activity:

o No evidence of mutagenic activity was observed using mouse dominant lethal test,
Ames test, or tests with fruit flies. (IRIS, 1989).

Reproductive Effects:

o When animals were fed heptachlor epoxide there was decreased fertility and
decreased fetal survival noted in rat and mice studies extending for 2 to 3 genera-
tions. (Cerey and Ruttkay-Nedecka, 1971; Ruttkay-Nedecka, et al., 1972; Green,
1970).

o Higher heptachlor epoxide levels were found in one group of women with prema-
ture delivery (Wasserman, et al., 1982) and in stillborn infants (Curley, et al., 1969).
Data are not considered adequate to define a direct relationship between exposure
and reproductive effects. (ATSDR, 1987).

Other Toxicological Effects:

e Acute (short-term, high dose) exposure in humans can cause central nervous system
effects (e.g., irritability, dizziness, muscle tremors, and convulsions) (U.S. EPA,
1986). '

o In animals, liver, kidney and blood disorders can occur. The oral LDsg values for
heptachlor epoxide range from 46.5 to 60 mg/kg. (U.S. EPA, 1980; IARC, 1979;
IRIS, 1988).

Toxicalogical Effects Indices:
e Cancer Potency Factor (CPF): 9.1 (mg/kg/day) ! (IRIS, 1989)
o Reference Dose (RfD): 1.3 x 10™ mg/kg/day (IRIS, 1989)
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PHYSICAL/CHEMICAL PROPERTIES

Value Reference
Molecular Weight: 389.3 Windholz, 1983
Physical State @ 20°C: solid
Melting Point (°C): 157-160 Callahan ¢t al., 1979
Boiling Point (°C): N/A
Density/Specific Gravity: N/A
Acid Dissociation Constant, pKa: N/A
Water Solubility, S (mg/L): 0.350 (25°C) Mabey et al., 1982
Vapor pressure, P (mm Hg): ' 3x10 (25°C) Mabey ¢t al., 1982
(value for
heptachlor)
Henry’s Law Constant, H @
25°C (atm e m>/mol): 4.4x10™ Mabey et al., 1982
Log (Octanol-Water Partition
Coefficient), log Kow: 2.70 Mabey gt al., 1982
Soil Adsorption Coefficient, Koc (ml/g): 2.2x10% Mabey ¢t al., 1982
Fish Bioconcentration Factor,
BCF (for fish): 1.44x10* (calc.) Lyman et al., 1982
2900 pinfish Zaroogian et al.,
4500 minnow 1985
1700 mussel
850 oyster
11,280* U.S. EPA, 1980

* Value used for estimating aquatic effects
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HEXACHLOROBENZENE

CAS No.: 118-74-1
CAS Preferred Nomenclature:

Benzene, hexachloro- Cl
a Cl
Empirical Formula: CgClg
Cl (o]
Synonyms and Common Names: cl
- HCB - Amadin CClg
- No Bunt - Co-op Hexa
- Perchlorobenzene
REGULATORY STATUS

Standards and Criteria:

e EPA Water Quality Criteria (for

EPA Drinking Water Health Ad-

buman consumption of fish) for a 106 visories (U.S. EPA, 1987):
cancer risk (U.S. EPA, 1987): child (10 kg):
0.74 ng/L 1-day, 10-day and long-term
exposure = 0.05 mg/L
adult (70 kg):

long-term exposure = 0.2 mg/L

e EPA Ambient Water Quality Criteria e Food and Drug Administration Ac-
(for protection of aquatic organisms) tion Level for Fish:
None established at present None established at present

e EPA Drinking Water Standard Maxi- e Food and Drug Administration Ac-

mum Contaminant Level: tion Level for Meat and Poultry (Mor-
None established at present ris and Cabral, 1986):
0.5 ppm

e FDA Action Levels are for use in in-
terstate commerce

Use Restrictions and Bans:

» In 1984 registration of hexachlorobenzene as a pesticide was voluntarily cancelled
(Morris and Cabral, 1986).
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SOURCES OF HEXACHLOROBENZENE

Total Hexachlorobenzene Produced:

o Production in the U.S. of HCB as a pesticide was about 3.2 million Ibs in 1975

(Blackwood and Sipes, 1979). Commerical production in the U.S. was discontinued
in 1976 (U.S. EPA, 1984). Since 1981 no HCB has been imported (Menzie, 1986).

o HCB is formed, however, as a by-product of the production of other chlorinated
compounds. Major sources include carbon tetrachloride, tetrachloroethene, and
trichloroethene. HCB is also an impurity in some pesticides (e.g., pen-
tachloronitrobenzene, chlorothalonil, dacthal, picloran) and in pentachlorophenol.

Uses of Hexachlorobenzene:

o Primary agricultural use prior to 1985 was as a fungicide to protect seeds of grain
crops, particularly wheat (Devine, 1982; Pelletier, 1985)

o In the early 1970’s, small amounts of HCB were used for a variety of industrial
purposes:
- fungicide in paper products (Verschueren, 1983)
pyrotechnic materials (Quinlivan gt al., 1975)
synthetic rubber production for tires (Mumma and Lawless, 1975)
reported use as fluxing agent in aluminum production (Quinlivan et al., 1975)
reported use in graphite electrode production (Mumma and Lawless, 1975).

Other Sources:

o HCB can be formed during incineration of municipal waste and chlorination
treatment of industrial process water and wastewater.

« HCB is a breakdown product of the biotransformation of lindane (Morris and
Cabral, 1986).

o Emissions to air and water from landfills containing pesticides and industrial wastes
(Brooks and Hunt, 1984).

FATE IN ENVIRONMENT

Partitioning:

« Based onits physical/chemical properties, hexachlorobenzene can volatilize but not
readily (H = 6.8x10* atm o m3/mol). An experimentally-determined volatiliza-
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tion half-life was 41 hours in one meter deep water (Korte and Greim, 1981). HCB
sorbs strongly to soils or sediments containing organic matter (Kow 457,000). HCB
can bioaccumulate, although the potential differs substantially among aquatic
species (BCF = 7,800 to 22,000).

Persistence:

o Hexachlorobenzene is widespread and persistent in aquatic systems. Recent ex-
periments by Mill and Haag (1986) confirmed that photolysis is slow with a half-life
of about 90 days. Earlier experiments had suggested that natural organics (e.g.
humic acids) might increase photolysis, but Mill and Haag found no such effect.
Because of its chemical structure, HCB does not undergo hydrolysis at tempera-
tures normally found in the environment. Experiments to determine biotransfor-
mation rates of HCB found negligible degradation (Tabak, etal., 1981 and
Callahan, et al., 1979).

HEALTH EFFECTS

Carcinogenicity:

e Hexachlorobenzene causes liver tumors in rats, mice and hamsters (IARC, 1979;
U.S. EPA, 1984). Tumors have also been induced in kidneys of rats and in adrenal
and thyroid glands of hamsters (U.S. EPA, 1984). EPA classification B2: Probable
human carcinogen (IARC Class 2b) (PHRED, 1988).

Mutagenic Activity:

o Hexachlorobenzene was not mutagenic in bacterial or mammalian cell assays, but
was mutagenic in yeast (U.S. EPA, 1984). The Ames test was also negative (Morris
and Cabral, 1986).

Reproductive Effects:

o HCB is teratogenic in mice and rats (LARC, 1979) and fetotoxic in rats and quail.

e An increase in mortality of breast-fed babies whose mothers have been chronically
exposed to HCB has also been reported (IARC, 1979).

Other Toxicological Effects:

o Chronic (long-term, low dose) human exposure to HCB can cause porphyria with
the following symptoms: skin lesions, excessive pigmentation, excessive hair pro-
duction or hair loss, light sensitivity and neurologic damage (U.S. EPA, 1984 and
1987). Effects on animals include liver and kidney lesions in rats; immunosuppres-
sion in mice, rats and dogs; neurologic damage in mice; and changes in ovaries of
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temale mice (U.S. EPA, 1987; Morris and Cabral, 1984). One test using rats showed
no effects on the first generation at dosages of 0.32-40 ppm, but the second
generation had liver and parathyroid gland problems. Oral LDs5p values range from
1,700 mg/kg in cats to 10,000 mg/kg in rats (U.S. EPA, 1987).

Toxicological Effects Indices:

« Cancer potency factor (CPF): 1.7 (mg/kg/day)™! (U.S. EPA, 1986; PHRED, 1988).

¢ Reference Dose (RfD): 0.0008 mg/kg/day (IRIS, 1989).
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PHYSICAL/CHEMICAL PROPERTIES

Value Reference

Molecular Weight:
Physical State @ 20°C:
Melting Point (°C):
Boiling Point (°C):
Specific Gravity:

Acid Dissociation Constant, pKa:

Water Solubility, S (mg/P):

Vapor Pressure, P (mm Hg):

Henry’s Law Constant H @
25°C (atm e m>/mol):

Log (Octanol-Water Partition
Coefficient), log Kow:

Soil Adsorption Coefficient,
Koc (ml/g):

Fish Bioconcentration
Factor, BCF:

284.8

solid

231

323-326
2.044 (23°C)
N/A

6x10°3 (25°C)
0.11 (24°C)

1.089x10° (20°C)
6.8x10"¥(calc)
5.66

3900(calc)

7800 rainbow trout
22,000 fathead
minngw

8,690

Windholz, 1983

Windholz, 1983
Windholz, 1983
Windholz, 1983

Callahan et al., 1979
Verschueren, 1983

Callahan et al., 1979
Lyman ¢t al., 1982
Leo, 1983

Lyman et al., 1982
U.S. EPA, 1987

U.S. EPA, 1987
U.S. EPA, 1980

" Value used for estimating aquatic effects
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A-HEXACHLOROCYCLOHEXANE

(alpha-BHC)
CASNo..  319-84-6
CAS Preferred Nomenclature: o
Cyclohexane, 1,2,3,4,5,6-hexachloro- o |
(1.alpha., 2.alpha., 3.beta., 4.beta., cﬁ_ HH
5.beta,, 6.beta.)- avd 4
H
Empirical Formula: CsHeCle CgHgClg
Synonyms and Common Names:
a-Hexachlorocyclohexane a-Benzenehexachloride
a-BHC a-Hexachloran
128Ma-HCH a-Lindane
REGULATORY STATUS
Standards and Criteria:
e EPA Water Quality Criteria (for e EPA Drinking Water Health Adviso-
human consumption of fish) for a 10 ries:
cancer risk (IRIS, 1989): child (10 kg):
3.1x10“ug/L 1-day, 10-day and long-term
exposures = 50 ug/L
adult (70 kg):

long-term exposure = 20 ug/L

o EPA Ambient Water Quality Criteria e Food and Drug Administration Ac-

(for protection of aquatic organ- tion Level for Fish:
isms)(IRIS, 1989): None established at present
Ereshwater  Saltwater
Acute,ug/L 100 0.34
Chronic, ug/LL - -

Above are LECs (Lowest Effect Con-
centration)

e EPA Drinking Water Standard Maxi-
mum Contaminant Level:
None established at present



Use Restrictions and Bans:

o In 1977, EPA cancelled inclusion of a-hexachlorocyclohexane in technical grade
lindane (EPA, 1985).

o Uses of all but y - hexachlorocyclohexane (lindane) were cancelled by 1978 (41 FR
46031; 43 FR 31432).

SOURCES OF a-HEXACHLOROCYCLOHEXANE

Total Hexachlorocyclohexane Produced:

o a-Hexachlorocyclohexane is no longer produced in the United States.

Uses of -Hexachlorocyclohexane:

o Hexachlorocyclohexane occurs in eight forms. Technical grade lindane is an off-
white to brown powder that, prior to 1977, contained a-hexachlorocyclohexane.

¢ Technical-grade lindane was used to control cockroaches, flies, aphids, grain wee-
vils, and beetles (Kirk-Othmer, 1982).

Other Sources:

o May be selective degradation product of other hexachlorocyclohexane isomers.
(Matsumura, 1985).

FATE IN ENVIRONMENT

Partitioning:

o Based on the physical/chemical properties of a-hexachlorocyclohexane, sorption to
sediment is moderate(Kow = 8,000), and the potential for bioaccumulation is low
(BCF = 130). Based on its similarity to the y isomer, volatilization is estimated to
be low.

o Experiments by Tsukano (1973) reported Freundlich isotherms for the
hexachlorocyclohexane isomers on two soils with organic carbon contents of 1.9
percent and 5.2 percent. The values were 1/n =0.71t0 0.83 and K = 30 to 120 for
the second soil.

Persistence:

¢ Hydrolysis, photolysis and oxidation are not thought to be important fate determin-
ing processes in the environment. One experiment showed no change due to
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hydrolysis at a pH of 7.3 to 8 after 2 years (Callahan ¢t al., 1979). No other studies
under acidic or more alkaline conditions were found.

o Biotransformation has been observed in laboratory experiments conducted using
soil/water mixtures under anaerobic conditions. (Tsukano, 1973).

HEALTH EFFECTS

Carcinogenicity:

o Inadequate data exists to determine whether a-hexachlorocyclohexane is a human
carcinogen. Exposure to a-hexachlorocyclohexane caused increased incidences of
liver tumors in mice and rats. a-Hexachlorocyclohexane is classified by the EPA as
a probable (B-2) human carcinogen. IARC (1979) states that hexachlorocyclohex-
ane cannot be classified (class d) because of limited data.

Mutagenic Activity:

o a-Hexachlorocyclohexane (tested individually and mixed with B-hexachloro-
cyclohexane) was determined to be non-mutagenic in bacteria, yeast, and Drosoph-

ila IARC, 1979).
Reproductive Effects: No data found.
Other Toxicological Effects: None found.

Toxicological Effects Indices:

o Cancer potency factor (CPF): 6.3 (mg/kg/day) ! (IRIS, 1989).
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PHYSICAL/CHEMICAL PROPERTIES

Value Reference
Molecular Weight: 291 Callahan et al., 1979
Physical State @ 20°C: solid '
Melting Point (°C): 157-158 Gunther, 1971
Boiling Point (°C): N/A
Specific Gravity: N/A
Acid Dissociation Constant, pKa: N/A
Water Solubility, S (mg/L): 1.63 Brooks, 1974
Vapor Pressure, P (mm Hg): 2.5x10° Callahan et al., 1979
Henry’s Law Constant,
H @ 25°C (atm ¢ m>/mol): N/A
Log (Octanol-Water Partition Coefficient),
log Kow: 3.90 Mabey et al., 1982
Soil Adsorption Coefficient, Koc(ml/g): 3800 Mabey et al., 1982
Fish Bioconcentration Factor, BCF:  130° OWRS, U.S. EPA, 1980

* Value used for estimating aquatic effects
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ISOPROPALIN

CAS No.: 33820-53-0
CAS Preferred Nomenclature:
Benzenamine, 4-(1-methylethyl)-2,6-

dinitro-N,N-dipropyl- NO:
(CHy),C N{(CHz);CHy)
Empirical Formula: C15H23N304 o HQ e
NO,
Synonyms and Common Names:
- Paarlan CIBHRSNSOG
- 2,6-Dinitro-N,N-dipropylcumidene
- EI-179
REGULATORY STATUS
Standards and Criteria:
e EPA Water Quality Criteria (for e EPA Drinking Water Health Ad-
human consumption of fish): visories:
None established at present None established at present

e EPA Ambient Water Quality Criteria o EPA Tolerance Levels for peppers
(for protection of aquatic organisms): and tomatoes (40 CFR 180.313):
None established at present 0.05 ppm
(Proposed to be revoked in May 1990)

e EPA Drinking Water Standard Maxi- e Food and Drug Administration Ac-

mum Contaminant Level: tion Level for Fish:
None established at present None established at present

Use Restrictions and Bans:

 Isopropalin may be used only as a pre-emergent herbicide on tobacco fields that
are not rotated with food or feed crops.

SOURCES OF ISOPROPALIN

Total Isopropalin Produced:

o Isopropalinis produced by Eli Lilly and Co. No production data are available (SRI,
1986).
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One report states that other dinitroaniline herbicides are used more widely than
isopropalin. This would make isopropalin production in the U.S. less than 4,000
tons per year (Green et al., 1987). )

Uses of Isopropalin

Isopropalin is a dinitroaniline compound used as an herbicide to control grasses
and broadleaf weeds in the vegetable crops of peppers and tomatoes (Ouellette and

King, 1977; Worthing, 1983; Farm Chemicals Handbook, 1985).

The only currently registered use for isopropalin is as a preemergent spray for
controlling weeds in tobacco crops (Worthing, 1983; IRIS, 1989).

Other Sources: None found.

FATE IN ENVIRONMENT

Partitioning:

Based upon it’s physical/chemical properties, 1sopropahn is predicted to volatilize
relatively rapidly from water (H=1.5x 10*atm * m /mol) and at a slower rate from
surface soil (P/SKoc = 4.4 x 10° 9 mm Hge*1/mg corresponding to an estimated
volatilization half-life of 3.6 days).

It adsorbs relatively strongly to soils and sediments (estimated Koc = 8 5x 10°* ),
and has a high potential for bioaccumulation (estimated BCF = 2.5x 10 ) (Lyman

et al, 1982).

Isopropalin has a low potential for leaching from soils. Holzer and Sieck (1972)
reported that isopropalin and its associated breakdown products which formed
during 30 days of aerobic incubation were relatively immobile in a sandy loam sml
Approximately 99% of the radio-labeled compound initially applied as Hc.
isopropalin remained in the top 2 inches of a 12 inch sandy loam column after 45
days of elution with 0.5 inches water/day.

Sleight (1972) reported maximum isopropalin concentrations of 25-40 mg/kg in the
edible tissues of bluegill sunfish during 42 days of exposure to 0.025 mg/L. The
tissue to water concentration ratios correspond to non-steady state BCF values of
1.0x10° to 1.6 x 10°

Persistence:
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o Saunders and Smith (1983) reported a short photodegradative half-life of 1.5 hours
for isopropalin in a pH 7 buffered aqueous solution exposed to artificial light with
a similar irradiation spectrum to that of sunlight.

o Biodegradation of isopropalin in soil occurs. The specific processes include
dealkylation, reduction of nitro groups to amino groups. Twelve different break-
down products, representing at most 4% of the parent compound, were identified
(Golab and Althaus, 1975). Golab (1983) reported relatively long 50% dissipation
times of approximately 6 months for 2 ppm isopropalin incubated at 23°C ina sandy
loam, a loam, and a clay loam soil under aerobic conditions. Golab and Sassic
(1983) reported that the degradation of isopropalin in a loam soil was more rapid
under anaerobic conditions (45% dissipated within 60 days) than under aerobic
conditions.

ISOPROPALIN OBSERVED IN THE ENVIRONMENT

e No data available.

HEALTH EFFECTS

Carcinogenicity:

o The carcinogenic potential of isopropalin has not been evaluated by the U.S. EPA
(IRIS, 1989). No experimental data have been found for carcinogenicity tests with
isopropalin.

Mutagenic Activity: No data found.

Reproductive Effects:

o The U.S. EPA states that better studies on the reproductive effects of ispropalin
need to be conducted. In one rat study with isopropalin the only effects noted were
reduced weights and reduced food consumption in exposed mothers (IRIS, 1989).

Other Toxicological Effects:

e Acute human toxicity due to short-term high dose exposure to isopropalin is
considered to be insignificant (Sittig, 1985).

o Isopropalin at high doses (> 2000 mg/kg) caused eye and skin irritation in rabbits
(Worthing, 1983).

¢ No fatalities were observed in chickens, dogs, mallard ducks or rabbits fed
isopropalin at 2000 mg/kg or quail fed a dosage of 1000 mg/kg (Worthing, 1983).
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o Subchronic (90-day feeding) exposure of rats caused a reduction in the number of
red blood cells and alterations in organ weights at the highest dose (288 mg/kg/day).

o The U.S. EPA does not require that chronic (long-term, low dose) exposure tests
be conducted because of isopropalin’s use on tobacco. The U.S. EPA recognizes
that the use of tobacco products is detrimental to the consumer and that the use of
tobacco is voluntary. It may be possible then to avoid exposure to isopropalin
residues (IRIS, 1989).

Toxicological Effects Indices:

« Reference Dose (RfD): 1.5 x 10" mg/kg/day (IRIS, 1989).

e Oral LDs5g rats and mice: >5000 mg/kg (Dreisbach, 1980; Sittig, 1985; Worthing,
1983).

o LCs0(96 hour): fathead minnow, > 0.1 mg/L; goldfish, >0.15 mg/L.
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PHYSICAL/CHEMICAL PROPERTIES

Value Reference
Molecular Weight: 309.4 Worthing, 1893
Physical State @ 20°C: red-orange Worthing, 1983

liquid
Melting Point (°C): N/A
Boiling Point (°C): 390 (calc.) Lyman et al., 1982
Specific Gravity: N/A
Acid Dissociation Constant, pKa: N/A
Water Solubility, S (mg/L): 0.08 (25°C) Herbicide Handbook,

1983

Vapor Pressure, P (mm Hg): 3x10'5(25.6°C) Il-gesrsbicide Handbook,
Henry's Law Constant, H @
25°C (atm o m>/mole) 1.5x107* (calc.) Lyman et al., 1982
Log (Octanol-Water
Partition Coefficient), log Kow: 5.74 (calc.) Lyman ¢t al., 1982
Soil Adsorption Coefficient, Koc (ml/g): 8.5x10* (calc.) Lyman et al., 1982
Fish Bioconcentration Factor, BCF: 2.5x10°* (calc.)* Lyman et al., 1982

* Value used for estimating aquatic effect
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LINDANE
(Y —HEXACHLOROCYCLOHEXANE)

CASNo..  58-89-9 o]
CAS Preferred Nomenclature: a a
Cyclohexane, 1,2,3,4,5,6-hexachloro-, a a
a
Empirical Formula: C¢HsClg ¢ H Cl
6 6 6
Synonyms and Common Names:
- y-Benzene hexachloride -y-Hexachlorocyclohexane
-y-BHC -Gammexane
-y-HCH -Jacutin
- y-Hexachlorobenzene -Lindex
REGULATORY STATUS
Standards and Criteria:
o EPA Water Quality Criteria (for e EPA Drinking Water Health Adviso-
human consumption of fish) (IRIS, ries (PHRED, 1988)
1989): child (10 kg):
6.25 x 10 ug/L 1-day and 10-day exposure =
1200 ug/L
longer-term exposure = 33 ug/L
adult (70 kg):

longer-term exposure = 0.12 ug/L
lifetime exposure = 0.2 ug/L

o EPA Ambient Water Quality Criteria e Food and Drug Administration Ac-

(for protection of aquatic organ- tion Level for Fish:
isms)(IRIS, 1989): None established at present
Ereshwater Salmmfa:
Acute, ug/L 20 1.6x10

Chronic,ug/L.  8.0x102 -
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e EPA Drinking Water Standard e Food and Drug Administraiton Ac-

(IRIS, 1989): tion Level for Other Foods (55 FR
Current Maximum Contaminant 14362)
Level = 0.004 mg/L 0.1t0 0.5 ppm

Proposed Maximum Contaminant
Level = 0.0002 mg/L

Proposed Maximum Contaminant
Level Goal = 0.0002 mg/L

e FDA Action Levels are for use in in-
terstate commerce

Use Restrictions and Bans:

e In 1977, EPA banned inclusion of @-and S-hexachlorocyclohexane in technical
grade lindane.

¢ Use in smoke fumigation devices for indoor domestic purposes banned in 1985 (48
FR 48512, 50 FR 5424).

o Use oflindane in dog dips for the control of pests (other than mites) permitted only
for veterinary use (U.S. EPA, 1985).

e Application permitted only under direct supervision of a certified applicator.
Protective clothing required (U.S. EPA, 1985).

SOURCES OF LINDANE

Total Lindane Produced:

o First synthesized in 1825, lindane’s insecticidal properties were discovered in 1942
(Hayes, 1982).

o In 1971, 1 million Ibs. were produced by Occidental Petroleum Corporation (Ouell-
ette and King, 1977).

o Technical lindane (a mixture of several isomers of hexachlorocyclohexane) is no
longer produced in the United States, but is imported from France, Germany,
Spain, Japan, and China (U.S. EPA, 1985). It is an off-white to brown powder with
a persistent, musty odor (Hayes, 1982).

Uses of Lindane:

o Lindane is registered for use as an insecticide/acaracide on a variety of fruit and"
vegetable crops, ornamentals, tobacco, forestry, domestic outdoor and indoor uses
by homeowners, commercial warehouses or feed storage areas, farm animal prem-
ises, and wooden structures (U.S. EPA, 1985).
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¢ Lindane is primarily used on phytophagous and soil-inhabiting insects, public health
pests, and animal ectoparasites (Farm Chemicals Handbook, 1987).

o In 1982, approximately 48%, 20%, and 19% of the lindane use in the U.S. was for
seed treatment, livestock and hardwood lumber, respectively.

Other Sources: Component of other hexachlorocyclohexanes.

FATE OF LINDANE IN THE ENVIRONMENT

Partitioning:

o Based upon it’s physical/chemical properties, lindane is predicted to volatilize
relatively slowly from water (H = 4.9 x 10° 7 atme m3/mol) volatilize at an inter-
mediate rate from soil surfaces (P/SKoc = 3.3x 10 0mm Hg ¢ L/mg, correspond-
ing to an estimated volatilization half-life of 18 days), and have intermediate
adsorption to soils and sediments (Koc = 3.8 x 10°) (Lyman et al,, 1982).

« Kay and Elrick (1967) reported intermediate soil/water partition coefficients (Kp)
of 23, 20, and 17 for lindane adsorbed to a sandy loam (organic carbon content (oc)
of 3.2%), loam (oc = 3.6%), and loamy sand (oc = 2.9%) soil, respectively. The
corresponding Koc values are 720, 560, and 590, respectively. Foschi, et al., 1970
reported that lindane is moderately susceptible to leaching from a low organic soil.
After elution with 35 inches of water, 80%, 19%, and 1% of the total lindane
recovered from a 60 cm sandy clay loam (oc = 1.5%) column were recovered in
the 0to S cm, 5 to 20 cm, and 20 to 40 cm segments, respectively. No lindane was
detected in the 40 to 60 cm segment or in the leachate.

o Forbis (1986) reported maximum BCFs of 780 (edible tissue) and 1,400 (whole
body) for bluegill sunfish exposed to 0.54 ppb lindane over a 28 day period.

Persistence:

o Based upon the hydrolysis rate constants measured by Ellington et al. (1986),
lindane has an intermediate hydrolysis half-life of 14 days at pH 9, and relatively
long hydrolysis half-lives of 210 days at pH 7 and 240 days at pH S.

o ADL (1986) reported a relatively long photodegradative half-life of 48 days for
lindane in water.

o Biotransformation is favored in biologically rich, anaerobic environments. Half-
lives range from several days to over a year (Callahan ¢t al.,, 1979). Under some
‘conditions, lindane degrades to y-pentachlorocyclohexane (Kirk-Othmer, 1978).
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HEALTH EFFECTS

Carcinogenicity:

o Evidence to determine whether y-hexachlorocyclohexane is a human carcinogen is
limited. The technical grade of lindane (containing approximately 65% a-
hexachlorocyclohexane) has been shown to cause liver cancer infour strains of mice.
Experiments performed on rats were negative (Itogt al., 1975, Fitzhugh et al., 1950).

e The carcinogenicity data for lindane is presently under review by the U.S. EPA
(IRIS, 1989).

o However, on the basis of mouse carcinogenicity the EPA has previously rated
lindane as a B-2 carcinogen (IRIS, 1989).

Mutagenic Activity:

o Predominantly negative results have been obtained in mutagenicity testing of
lindane. Tsoneva-Maneva gt al. (1971) reported lindane induced alterations in
mitotic activity of Chinese hamster cells. Chromosomal breaks and gaps in Chinese
hamster cells have also been attributed to lindane exposure (Ishidata and
Odashima, 1971). Mutagenic effects were not observed in tests using bacteria
(Buselmaier et al,, 1972; Schubert, 1969).

Reproductive Effects:

o Lindane has been shown to cause disturbed estrous cycles, decreases in fetal
survival, and reduced numbers of live births in rats, delayed sexual maturation in
female rats (Shtenberg and Mametkulien, 1976), and increases in stillbirths in dogs
(Litterst and Miller, 1975).

Other Toxicological Effects:

o Acute lindane poisoning affects the nervous system causing restlessness, tremors,
unsteady gait, heavy breathing, and convulsions. Violent convulsions are rapid in
onset and generally followed by death or recovery within 24 hours. The probable
human oral lethal dose is 50-500 mg/kg (Klaassen et al., 1986).

¢ Rats fed diets containing lindane developed mild toxicity-related changes primarily
in the kidneys and also in the liver.
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Toxicological Effects Indices:

« Cancer Potency Factor (CPF): 1.33 (mg/kg/d)" ! (PHRED, 1988)
e Technical Grade CPF: 1.8 (mg/kg/d) ™} (IRIS, 1989)
o Reference Dose (RfD): 3x10™ mg/kg/d (IRIS, 1989)

e TWA-TLV (time-weighted average-threshold limit value) for occupational skin
exposure: 0.5 mg/m> (ACGIH, 1986)
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PHYSICAL/CHEMICAL PROPERTIES FOR LINDANE

Value Reference
Molecular Weight (g/mole): 290.85 Windholtz, 1983
Physical State @ 20°C: colorless solid IRIS, 1989
Melting Point (°C): 1129 Callahan ¢t al., 1979
Boiling Point (°C): 3234 IRIS, 1989; Weast, 1979
Specific Gravity: 1.87 Verschueren, 1983
Acid Dissociation Constant, pKa: N/A
Water Solubility, S (mg/L): 75204 @ 25°C Callahan et al., 1979
Vapor Pressure, P (mm Hg): 9.4x10° @ 20°C IRIS, 1989; Windholz,

1983

Hydrolysis, ka (hr™Y), 1.20.2x10°* Ellington et al., 1987
Kb (1/Mhr) 198
Henry’s Law Constant,
H @ 25°C (atm m*/mol): 4.9x10°" Mills et al., 1985
Log (Octanol-Water Partition Coefficient),
log Kow: 3.72 IRIS, 1989
Soil Adsorption Coefficient, Koc(ml/g): 3.8x 10° Lyman gt al., 1982
Fish Bioconcentration Eactor, BCF: 780 edible tissue, Forbis, 1986

1400 whole body for

bluegill sunfish

130

" Value used for estimating aquatic effects
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MERCURY

CAS No.:  7439-97-6
CAS Preferred Nomenclature: Mercury
Formula: Hg, can occur in elemental and

inorganic and organic (methyl) forms

Synonyms and Common Names: Quicksilver

He

REGULATORY STATUS

Standards and Criteria:

o EPA Water Quality Criteria (for °
human consumption of fish) (45 FR
79318) (IRIS, 1989):
0.153 ug/L

e EPA Ambient Water Quality Criteria °
(for protection of aquatic organ-
isms)(IRIS, 1989):

Ereshwater  Saltwater
Acute,ug/lL 24 2.1
Chronic, ug/L 1.2x10°2 2.5x102

e EPA Drinking Water Standard (for
inorganic mercury) (40 CFR 141.11):
Current Maximum Contaminant
Level = 0.002 mg/L
Proposed Maximum Contaminant
Level = 0.002 mg/L
Proposed Maximum Contaminant
Level Goal = 0.002 mg/L

EPA Drinking Water Health Adviso-
ries (for inorganic mercury)
(IRIS,1989)

adult (70 kg):

long-term and lifetime exposure

= 2ug/L

Food and Drug Administration Ac-
tion Level for Fish (40 FR 45663):

1 ppm

FDA Action Levels are for use in in-
terstate commerce
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Use Restrictions and Bans:

All uses as a bactericide or fungicide banned after 8/78.except the following (41 FR
16497, 41 FR 26743, 41 FR 36068):

treatment of textiles for outdoor use
control of brown mold on new lumber

in-can preservative in water-based paints

for exterior use

SOURCES OF MERCURY

Natural Sources:

Mercury occurs in nature (about 3x10%% of earth’s crust) mostly in combination
with sulfur to form more than 25 different minerals. Commercially, the most
important mineral is cinnabar (HgS), from which elemental mercury (Hg) is
extracted (USDI, 1985). Mercury can occur as elemental Hg, as well as inorganic
and organic (organomercurial) forms. It forms complexes with organic ligands,
chlorides and sulfur compounds.

Degassing contributes an estimated 25,000 to 150,000 tons per year to the atmo-
sphere, compared to about 5,000 tons per year from fossil fuel burning (Klaassen
et al,, 1986).

Total Mercury Produced:

1.6 million pounds (USDI, 1986).

Industrial Uses of Mercury:

Electrical applications including the broduction of mercury cell batteries, mercury
vapor lamps, thermostats, cathode tubes and switches.

Catalyst in the production of urethane polymers for use in plastics.

Cathode in the electrolytic production of chlorine and caustic soda (U.S. EPA,
1987).

Uses of Mercury In Homes and Businesses:
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Amalgamated with silver and tin to form tooth fillings.

Uses as Fungicide/Bactericide (Limited see Regulatory Status):

A fungicide in some exterior water-based paints

Formerly as a fungicide in paper products and for the protection of seed grain from
mildew

As preservative in laboratories.

FATE IN ENVIRONMENT

Partitioning:.

o The fate of mercury depends on its speciation, pH, redox conditions and presence

of complexing ions including organic ligands, chloride and sulfhydryl groups (-SH).
Mercury exists in the 0 (metallic), 1+ (murcurous) and 2+ (mercine) forms. The
+ 1 species can hydrolyze to form Hg(OH)2 . The 2 + species can hydrolyze to form
the species Hg(OH)*, Hg(OH)2, and Hg(OH)3 (Rubin, 1976). The relative
amounts of each species are dependent on pH.

Examples of Hg complexes include Hg(OH)2 under alkaline conditions and HgCl2
under acidic conditions. In alkaline sediments under moderately reducing condi-
tions, dimethyl mercury can form which is insoluble and highly volatile. At neutral
and lower pH values, monomethyl mercury can form. Under strongly reducing
conditions (e.g., in the presence of hydrogen sulfide (H2S)), mercury can precipitate
as HgS which is insoluble (Nriagu, 1979).

- Persistence:

e Mercury is readily sorbed to soil organic matter, clays and hydrous metal oxides

with the exception of some organic chloride-Hg complexes, e.g. CH3HgCl .
Methylmercuric chloride has a Kow value of about 2.0 (Medeiros, 1980). Mercury
is also bioaccumulated. BCF values for inorganic mercury range from 1,800 to
5,000. BCF values for organic mercury are higher (10,000 to 82,000). Most of the
mercury in fish is present in the methyl form.

Mercury is biologically methylated and in limited amounts may be lost from soils
by volatilization (Lyman et al., 1987).

HEALTH EFFECTS

Carcinogenicity:

Mercury has not been shown to cause cancer in humans.
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» Ratshave developed local tumors at the point of injection of metallic mercury (U.S.
EPA, 1984).

o The EPA designates mercury as a Group D chemical, not classified (U.S. EPA,
1984).

Mutagenic Activity:

e Methyl mercury was shown to be a weak mutagen in experiments with fruit flies
(U.S.EPA, 1981). Mercuric salts were not mutagenic in tests using nonmammalian
cells, but results using mammalian cells were inconclusive.

Reproductive Effects:

¢ Both inorganic and organic forms of mercury are toxic to developing fetuses. The
fetal nervous system is particularly sensitive, with mercury disrupting and delaying
nerve cell development. Fetuses chronically exposed (low doses over long time
periods) to organic mercury are born mentally retarded and exhibit cerebral
palsy-like symptoms (Marsh, 1987).

Other Toxicological Effects:

o Mercury toxicity in humans produces a number of different symptoms depending
on whether the exposure is of a short-term, high dose (acute) type or long-term, low
dose (chronic) type. Elemental mercury vapor produces an acute pneumonitis.
Inorganic mercury salts can cause acute gastrointestinal distress and renal failure.
(The lethal dose of mercuric chloride in humans is 1 to 4 g.) Both of these forms,
as well as the organic mercurials, produce neurologic effects after chronic exposure
to mercury. Eye and skin irritation can also occur (Sittig, 1985).

o Symptoms such as numbness of the extremities, tremors, spasms, personality and
behavior changes, difficulty in walking, deafness, blindness and death have been
associated with the long-term ingestion of mercurycontaminated fish. (U.S. EPA,
1981).

Toxicological Effects Indices:

o RfD (Reference Dose): 0.002 mg/kg/day for inorganic mercury compounds and
0.0003 mg/kg/day for alkyl (organic forms) or mixed alkyl-inorganic mercury (U.S.
EPA, 1986).

¢ TWA-TLV (Ti me-welghted average, threshold limit value for occupatlonal €xpo-
sures): 0.01 mg/m’ alkyl mercury for skin exposure and 0.05 mg/m> for vapor
exposure (ACGIH, 1986).
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PHYSICAL/CHEMICAL PROPERTIES

Value Reference

Molecular Weight: 200.6 Windholz, 1983
Physical State @ 20°: liquid
Melting Point (°C): -38.87 Windholz, 1983
Boiling Point (°C): 356.72 Windholz, 1983
Specific Gravity: 13.534 (25°C) Windholz, 1983
Acid Dissociation Constant, pKa N/A
Water Solubility (mg/L): 0.056 (25°C) Windholz, 1983
Vapor Pressure, (mm Hg): 2x10 (25°C) Windholz, 1983

Lindquist et al., 1984
Henry’s Law Constant @ 25°C Hg® 6.97x1073 Lindquist et al., 1984

(atm e m3/mol):

Hydrolysis Rates:

Log (Octanol-Water Partition
Coefficient), log Kow:

Partition Coefficient, Kp (mi/g):
(Inorganic Hg)

Fish Bioconcentration Factor,
BCF:

(CH3)2Hg = 7.45x10°
Hg(OH); = 7.2x10°®

1+ and 2 + forms
hydrolyze, specific rate
constants not found

CH3HgCl = 03
=04

1,000-1x10° 1/kg

1800-4994
(inorganic)
10,000-81,670*
(organic)
5,500

Rubin, 1976

Medeiros et al., 1980
Halbach, 1985

Gherini and
Rajashenkar, 1975

U.S. EPA, 1985
U.S. EPA, 1985

Olson et al., 1975
U.S. EPA, 1980

* Value used for estimating aquatic effect
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MERCURY
OBSERVATIONS AND EFFECTS ON PISCIVOROUS WILDLIFE

Mercury is toxic to mink at diet concentrations of 1 to 2 ppm (Wren 1989). This finding is
consistent with the lethal dose reported by the State of Wisconsin (WDHSS 1988).

The effects of mercury in piscivorous wildlife are summarized in the following table:

Effects of Mercury Concentrations on Piscivorous Wildlife

Animal Concentration Effect Source
Mink 1.0 mg/kg Death WDHSS, 1988
(diet)
Mink 1-2 ppm (diet) Death Wren, 1989
River Otter >2.0 mg/kg Death WDHSS, 1988
(diet)
REFERENCES

Wisconsin Department of Health and Social Services (WDHSS). 1988. Technical Support
Document for Chapter MR 105 of the Wisconsin Administrative Code. Division of Health.
Madison, Wisconsin.

Wren, C.D. 1989. Personal Communication. BAR. Environmental. Nicholas Beaver Park,
RR3, Guelph, Ontario, Canada.

C-142



METHOXYCHLOR

CAS No.: 72-43-5
CAS Preferred Nomenclature:
Benzene,1,1'-(2,2,2-trichloroethylidene)

bis (4-methoxy)- CH,O.Q.E:@-M

cq,
Empirical Formula: C16H15C1302
C16M15C¢1302

Synonyms and Common Names:

- Methoxy-DDT - Marlate

- DMDT - Dianisyl trichloroethane

- Maralate - Dimethoxy-DT

- p,p’-Dimethoxydiphenyl - Metox

- trichloroethane

REGULATORY STATUS

Standards and Criteria:

e EPA Water Quality Criteria (for e EPA Drinking Water Health Adviso-
buman consumption of water and ries (U.S. EPA, 1987; PHRED, 1988):
fish)(U.S. EPA, 1987): child (10 kg):

100 ug/L 1 day exposure = 6.0 mg/L

10 day exposure = 2.0 mg/L
long-term exposure = 0.5 mg/L
adult (70 kg):

long-term exposure = 2.0 mg/L
lifetime exposure = 0.4 mg/L

o EPA Ambient Water Quality Criteria o EPA Tolerance Levels for Food (40

(for protection of aquatic organisms): CFR 180.120):
Saltwater 1-14 ppm
Acute,ug/lL - -
Chronic, #g/L 0.03 0.03
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e EPA Drinking Water Standards (50 e Food and Drug Administration Ac-

FR 46936; IRIS, 1989): tion Level for Fish
Current Maximum Contaminant None established at present
Level = 0.1 mg/L

Proposed Maximum Contaminant

Level = 0.4 mg/L

Proposed Maximum Contaminant

Level Goal = 0.4 mg/L

Use Restrictions and Bans:

None found.

SOURCES OF METHOXYCHLOR

Total Methoxychlor Produced:

Methoxychlor is an organochlorine pesticide with a similar chemical structure to
DDT. It was first introduced in 1945.

In 1971, 9.9 million pounds were produced by the companies Chemical Formula-
tions, DuPont, and Prentiss (Ouellette and King, 1977).

By 1982, very little methoxychlor was being produced. Current data are unavail-
able, but the volume produced by the two listed producers, Drexel Chemical
Company and Kincaid Enterprises, is also likely to be small (SR, 1986; Green gt
at.,, 1987).

Uses of Methoxychlor:
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Like DDT, methoxychlor is effective against a wide range of insects that affect fruits,
vegetables, forage crops and livestock (Hayes, 1982; McEwen and Stephenson,
1979).

Hundreds of products containing methoxychlor are registered for insect control in
foliar treatment, dormant application, seed or soil treatment and post-harvest
application of many crops (U.S. EPA, 1986).

Methoxychlor is used primarily to control houseflies, blackflies and mosquitos in
areas of human habitation including hotels, bakeries, meat processing plants, flour
mills and dairy barns (Worthing, 1983; U.S. EPA, 1986; McEwen and Stephenson,
1979).

 Mosquito control uses also include methoxychlor treatment of stagnant ponds,

streams and other aquatic recreation areas (U.S. EPA, 1986).
Methoxychlor is also used in mothproofing (U.S. EPA, 1986).



Other Sources: None found.

FATE IN ENVIRONMENT

Partitioning:

e Basedonits phys1cal/chem1cal properties, methoxychlor is estimated to be volatile
H=1. 5x10™ atm e m /mole) strongly sorbed to soil (Kow= 47,900), and has a
high potential for bioaccumulation (BCF = 8,300), although some empirical data
show a more moderate potential for bioaccumulation.

Persistence:

o Methoxychlor is considered to be moderately biodegradable (Wolfe et al., 1977).

e Methoxychlor is estimated to have a half-life for direct photolysis in water (in the
central U.S.) of 4.5 months, and also undergoes indirect photolysis (Wolfe et al.,
1977); photolysis half-lives of 2-5 hours have been observed in river water (TDB,
1985). The rate of hydrolysis has been found to be independent of pH under
environmental conditions, with a half-life of about 1 year at 27°C (Wolfe et al.,
1977). :

HEALTH EFFECTS

Carcinogenicity:

o The evidence for methoxychlor carcinogenicity is inconclusive, according to the
U.S. EPA Carcinogen Assessment Group’s review of a National Cancer Institute
Bioassay (HSDB, 1988). The EPA has not yet classified its carcinogenic potential
(PHRED, 1988).

e No cancers were observed in four experiments with rats fed 1,000 mg/kg or in one
mouse feeding experiment (IARC, 1979).

Mutagenic Activity:

o Methoxychlor was found not to be mutagenic in bacterial and yeast cell assays as
well as in a mouse dominant lethal test (IARC, 1979).

o It was weakly positive in a mammalian cell transformation assay (HSDB, 1988).
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Reproductive Effects:

e Adverse reproductive effects have been reported. Instudies with rats a dietary level

of 1% methoxychlor has produced testicular atrophy, inhibition of spermatogenesis
and arrested folliculogenesis (IARC, 1979; HSDB, 1988).

Methoxychlor is also reported to be fetotoxic in rats, causing wavy ribs, but only at
doses (100-400 mg/kg) causing maternal toxicity. There is no evidence of any
teratogenesis at lower doses (IARC, 1979; Hayes, 1982; HSDB, 1988).

Other Toxicological Effects:

¢ In man, acute, short-term, high doses, up to 2 mg/kg/day, have not been shown to

cause any adverse effects.

Animals exposed to high doses of methoxychlor have exhibited a variety of symp-
toms. Dogs fed 2,000 or 4,000 mg/kg for two years developed nervousness, tremors
and convulsions. Rats had similar central nervous system effects as well as severely
retarded growth (Hayes, 1982; HSDB, 1988). Kidney injury and uterine and
mammary enlargement were observed in pigs, while monkeys had liver and intes-
tinal damage (IARC, 1979; HSDB, 1988).

Toxicological Effects Indices:
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Adjusted Reference Dose for drinking water: 1.7 mg/L (50 FR 46936).

TWA-TLV (time-weighted average, threshold limit value) for occupational expo-
sure: 10 mg/m> (ACGIH, 1986).

Oral LD50: rat, 5-7 mg/kg; mouse, 1.8 mg/kg (IARC, 1979; HSDB, 1988).



PHYSICAL/CHEMICAL PROPERTIES

Value Reference
Molecular Weight: 345.7 Windholz, 1983
Physical State @ 20°C: colorless crys- Hayes, 1982
tals, solid
Melting Point (°C): 89 Worthing, 1983
Boiling Point (°C): 416 (calc.) Lyman gt al., 1982
Specific Gravity: 1.41 (25°C) Hartley & Kidd, 1983
Acid Dissociation Constant, pKa: N/A
Water Solubility, S (mg/L): x10? - PHRED, 1988
Vapor Pressure, P (mm Hg): 1.3x10°(20°C) Lyman et al., 1982
(calc.)
Henry’s Law Constant,
H @ 25°C (atm o m3/mol): 1.5x107 (cale.) Lyman et al., 1982
Log (Octanol-Water Partition Coefficient),
log Kow: 4.68 PHRED, 1988
Soil Adsorption Coefficient, Koc (ml/g): 8x10* PHRED, 1988
Fish Bioconcentration Factor, BCF: 1.9x102-1.6x103 Kenaga, 1980
(exptl.)
8300* PHRED, 1988

* Value used for estimating aquatic effects
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