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PREFACE

Health and Environmental Effects Documents (HEEDs) are prepared for the
Office of Solid Waste and Emergency Response (OSWER). This document series
is intended to support 1istings under the Resource Conservation and Recovery
Act (RCRA) as well as to provide health-related 1imits and goals for emer-
gency and remedial actions under the Comprehensive Environmental Response,
Compensation and Liability Act ({CERCLA). Both published 1iterature and
information obtained from Agency Program Office files are evaluated as they
pertain to potential human health, aquatic 1life and environmental effects of
hazardous waste constituents. The literature searched for in this document
and the dates searched are included in "“Appendix: Literature Searched."
Literature search material is current up to 8 months previous to the final
draft date listed on the front cover. Final draft document dates (front
cover) reflect the date the document is sent to the Program Officer (OSWER).

Several quantitative estimates are presented provided sufficient data
are available. For systemic toxicants, these include Reference doses (RfDs)
for chronic and subchronic exposures for both the 1inhalation and oral
exposures. The subchronic or partial 1ifetime RfD, 1s an estimate of an
exposure Tlevel that would not be expected to cause adverse effects when
exposure occurs during a limited time interval, for example, one that does
not constitute a significant portion of the 1ifespan. This type of exposure
estimate has not been extensively used, or rigorously defined as previous
risk assessment efforts have focused primarily on 1lifetime exposure
scenarios. Animal data wused for subchronic estimates generally reflect
exposure durations of 30-90 days. The general methodology for estimating
subchronic RfDs is the same as traditionally employed for chronic estimates,
except that subchronic data are utilized when available.

In the case of suspected carcinogens, RfDs are not estimated. A
carcinogenic potency factor, or qi* (U.S. EPA, 1980), 1s provided instead.
These potency estimates are derived for both oral and inhalation exposures
where possible. In addition, unit risk estimates for air and drinking water
are presented based on inhalation and oral data, respectively.

Reportable quantities (RQs) based on both chronic toxicity and carcino-
genicity are derived. The RQ is used to determine the quantity of a hazar-
dous substance for which notification 1s required in the event of a release
as specified under the CERCLA. These two RQs (chronic toxicity and carcino-
genicity) represent two of six scores developed (the remaining four reflect
ignitability, reactivity, aquatic toxicity, and acute mammalian toxicity).
Chemical-specific RQs reflect the lowest of these six primary criteria. The
methodology for chronic toxicity and cancer-based RQs are defined in U.S.
EPA, 1984 and 1986, respectively.
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EXECUTIVE SUMMARY

Nicotinonitrile is a solid; succinonitrile is a colorless, waxy solid;
and methacrylonitrile is a 'clear, colorliess 1liquid at room temperature
(Hawley, 1981). These compounds are expected to undergo reactions typical
of nitriles. They are soluble in many common organic solvents and are
slightly soluble in water (Dean, 1985; Hawley, 1981; Windholz, 1983). The
1985 Directory of Chemical Producers (SRI, 1985) reports that Nepera Inc. in
Harriman, NY, and Reilly Tar and Chemical Corp. in Indianapolis, IN, are the
only current domestic manufacturers of nicotinonitrile and that R.S.A. Corp.
in Ardsley, NY, is the only current domestic manufacturer of succinonitrile.
Nicotinonitrile is used as a chemical intermediate and succinonitrile is
used in organic synthesis (Kuney, 1985; Hawley, 1981; Windholz, 1983).
Methacrylonitrile is used as a vinyl nitrile monomer and as a copolymer with
chemicals such as styrene and butadiene (Hawley, 1981).

If released to the atmosphere, these compounds are expected to exist
almost entirely in the vapor phase (Eisenreich et al., 1981). The half-
lives for nicotinonitrile, succinonitrile and methacrylonitrile vapor react-
ing with photochemically generated hydroxyl radicals have been estimated to
be 2 days, 1 hour and 5 hours, respectively (U.S. EPA, 1987b). Small
amounts of methacrylonitrile may react with ozone (estimated half-life,
1 day) (U.S. EPA, 1987b). Small amounts of these compounds may be removed
from the atmosphere by wet deposition. If released to water, nicotino-
nitrile, succinonitrile and methacrylonitrile may be susceptible to chemical
hydrolysis (Lyman et al., 1982). Volatilization of methacrylonitrile from
water appears to be an important removal process (half-1ife in a typical

river, 2 days) although volatilization of nicotinonitrile or succinonitrile
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is not expected to be significant. Adsorption to sediments or suspended
solids in water and biloaccumulation in aquatic organisms are not expected to
be significant. Results of two biodegradation screening studies indicate
that succinonitrile is resistant to biodegradation under aerobic conditions.
If released to soil, the selected nitriles are expected to be very highly
mobile and readily leach through most soil. These compounds may be suscep-
tible to hydrolysis in moist soil. Evaporation of methacrylonitrile from
moist or dry soil surfaces is expected to be significant.

Monitoring data pertaining to human exposure by inhalation (succino-
nitrile and methacrylonitrile), ingestion or dermal contact could not be
located in the available literature as cited in Appendix A. Nicotinonitrile
has been identified as a component of tobacco smoke (Schmeltz et al., 1979),
which suggests that a significant number of people would be exposed to this
compound by inhalation.

There is potential that these selected nitriles could be released to the
environment in the effluent or in fugitive emissions from production and use
facilities.

Pertinent data regarding toxicity of the selected nitriles to aquatic
organisms could not be Tlocated in the available 1iterature as cited in
Appendix A.

Pertinent data regarding the rate and extent of absorption of the
nitriles were not located, but the demonstrated toxicity of these chemicals
(Chapter 6) indicates that methacrylonitrile is absorbed after inhalation
exposure in dogs and rats, and after oral exposure in rats and mice, and
that succinonitrile and nicotinonitrile are absorbed following oral exposure
in rats and mice. Methacrylonitrile was lipophilic and distributed rapidly
to various organs of the rat (Haguenoer et al., 1976). The metabolism of

succinonitrile has been studied in vivo and in vitro in experimental animals
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{(mice, rats and rabbits), and the primary metabolic pathway appears to be
1iberation of free HCN from the parent compound (Willhite and Smith, 1981;
Contessa and Santi, 1973; Floreani et al., 1980, 1981; Tanii and Hashimoto,
1985). Liberation of free cyanide also appears to be the primary pathway of

methacrylonitrile metabolism in vivo and in vitro in experimental animals

(Tanii and Hashimoto, 1984a,b, 1986; Peter and Bolt, 1985; Pozzani et al.,
1968; Haguenoer et al., 1976). Succinonitrile administered intravenously to
humans (Lod? et al., 1973} or fintraperitoneally or intravenously to
exper imental animals (Cavanna and Pocchiari, 1972; Curry, 1974, 1975;
Contessa et al., 1978; Contessa and Santi, 1973) is excreted in the urine
primarily as the parent compound and thiocyanate fion. Methacrylonitrile
administered intraperitoneally to rats was excreted in the urine as the
parent compound, free cyanide and bound cyanide in the form of thiocyanate
ion (Haguenoer et al., 1976).

One study was Tlocated regarding the toxicity of methacrylonitrile by
subchronic 1inhalation exposure (Pozzani et al., 1968). In this study,
exposure of rats to concentrations >52.6 ppm (>144 mg/m3), but ‘not 19.3
ppm (53 mg/m3) for 7 hours/day, 5 days/week for 91 days resulted in
increased liver weight and death. Exposure of dogs for 7 hours/day, 5
days/week for 90 days resulted in transiently elevated SGOT and SGPT levels
at 8.8 ppm (24 mg/m3) and loss of motor control of hind 1imbs and histo-
pathological brain 1lesions at 13.5 ppm (37 mg/m3). No effects were
observed in dogs at 3.2 ppm (9 mg/m?).

The acute toxicity of the nitriles appears to be due to release of
cyanide during metabolism of the parent compound (Marigo and Pappalardo,

1966; Haguenoer et al., 1976; Pozzani et al., 1968).
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Information regarding the carcinogenicity of succinonitrile, nicotino-
nitrile and methacrylonitrile, and the mutagenicity of methacrylonitrile and
succinonitrile were not located. One study indicated that nicotinonitrile
was not mutagenic in S. typhimurium (Florin et al., 1980).

A study by Doherty et al. (1983) indicated that succinonitrile was
teratogenic in hamsters treated intraperitoneally at >4.56 mmol/kg. No
information was located regarding the teratogenicity of either nicotino-
nitrile or methacrylonitrile.

Based on the NOEL in dogs of 3.2 ppm (9 mg/m?), 7 hours/day, 5 days/
week for 90 days, a subchronic inhalation RfD of 0.02 mg/m2® or 0.4 mg/day,
a chronic inhalation RfD of 0.002 mg/m?® or 0.04 mg/day, a subchronic oral
RfD of 0.003 mg/kg/day or 0.2 mg/day and a chronic oral RfD of 0.0003
mg/kg/day or 0.02 mg/day were derived for methacrylonitrile. \Uncertainty
factors of 100 (10 for interspecies extrapolation and 10 to protect the most
sensitive 1individuals) for the- subchronic RfDs and 1000 (an additional
factor of 10 for the use of a subchronic study) for the chronic RfDs were
used. Because the critical study was well-conducted, medium confidence was
placed in the inhalation RfDs. Low confidence was placed in the oral RfDs,
however, because the study used inhalation exposure. An RQ of 100 was
derived for methacrylonitrile based on the dose-response data for 1loss of
motor control and brain lesions in dogs exposed by inhalation in the study
by Pozzani et al. (1968). Data were insufficient to derive risk assessment

values for succinonitrile and nicotinonitrile.
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1. INTRODUCTION

1.1.  STRUCTURE AND CAS REGISTRY NUMBER

The synonyms, structure, CAS Registry number, empirical formula and
molecular weight of nicotinonitrile, succinonitrile and methacrylonitriie
are provided in Table 1-1.
1.2.  PHYSICAL AND CHEMICAL PROPERTIES

Nitriles are extremely versatile reactants and can be used to prepare
amines, amides, carboxylic acids and esters, aldehydes, ketones, 1imines,
heterocycles and other compounds (Smiley, 1981). Nicotinonitrile, suc-
cinonitrile and methacrylonitrile are expected to undergo reactions typical
of nitriles. Nicotinonitrile is a solid; succinonitrile is a colorless,
waxy solid; and methacrylonitrile is a clear, colorless 1liquid at room
temperature (Hawley, 1981). These compounds are soluble in many common
organic solvents (Dean, 1985; Hawley, 1981; MWindholz, 1983). Relevant
physical properties are listed in Table 1-2.
1.3.  PRODUCTION DATA

The 1985 Directory of Chemical Producers (SRI, 1985) reports that Nepera
Inc. in Harriman, NY, and Reilly Tar and Chemical Corp. in Indianapolis, IN,
are the only current domestic manufacturers of nicotinonitrile and that
R.S.A. Corp. in Ardsley, NY, is the only current domestic manufacturer of
succinonitrile. The 1987 OPD Chemical Buyers Directory (CMR, 1986) 1ists
three suppliers for nicotinonitrile, five suppliers for succinonitrile and
four suppliers for methacrylonitrile. Nicotinonitrile can be prepared by
the ammoxidation or ammonodehydrogenation of an alkylpyridine, primarily
3-methylpyridine or 2-methyl-5-ethylpyridine (OFffermanns et al., 1984);
succinonitrile can be prepared from ethylene dibromide and potassium cyanide
in alcohol (Windholz, 1983); and methacrylonitrile can be prepared by the

ammoxidation of isobutylene (Nemec and Kirch, 1981).
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1.4. USE DATA

Nicotinonitrile is used as an intermediate in the preparation of niacin
and niacinamide (Kuney, 1985); succinonitrile is used in organic synthesis
(Hawley, 1981); and methacrylonitrile is used as a vinyl nitrile monomer, as
a copolymer with chemicals such as styrene and butadiene, and as an in-
termediate in the manufacture of elastomers, coatings, plastics, acids,
‘ amides, amines, esters and nitriles (Hawley, 1981; Windholz, 1983).
1.5.  SUMMARY

Nicotinonitrile is a solid; succinonitrile is a colorless, waxy solid;
and methacrylonitrile 1is a clear, colorless 1iquid at room temperature
{Hawley, 1981). These compounds are expected to undergo reactions typical
of nitriles. They are soluble in many common organic solvents and are
slightly soluble in water {Dean, 1985; Hawley, 1981; Windholz, 1983). The
1985 Directory of Chemical Producers (SRI, 1985) reports that Nepera Inc. in
Harriman, NY, and Reilly Tar and Chemical Corp. in Indianapolis, IN, are the
only current domestic manufacturers of nicotinonitrile and that R.S.A. Corp.
in Ardsley, NY, is the only current domestic manufacturer of succinonitrile.
Nicotinonitrile is used as a chemical intermediate and succinonitrile is
used in organic synthesis (Kuney, 1985; Hawley, 1981; Windholz, 1983). Met-
hacrylonitrile is used as a vinyl nitrile monomer and as a copolymer with

chemicals such as styrene and butadiene (Hawley, 1981).
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2. ENVIRONMENTAL FATE AND TRANSPORT

Very limited data pertaining to the environmental fate and transport of
nicotinonitrile, succinonitrile or methacrylonitrile were 1located in the
available 1iterature as cited in Appendix A. When possible, information
concerning fate and transport of these chemicals was derived from physical
property data or molecular structure.

2.1. AIR

Based on the vapor pressures listed in Table 1-1, these compounds are
expected to exist almost entirely in the vapor phase in the atmosphere
(Eisenreich et al., 1981).

2.1.1. Reaction with Hydroxy] Radicals. The half-lives for
nicotinonitrile, succinonitrile and methacrylonitrile vapor reacting with
photochemically generated hydroxyl radicals 1in the atmosphere have been
estimated to be 2 days, 1 hour and 5 hours, respectively, using an ambient
hydroxyl radical concentration of 8.0x10% molecules/cm® and reaction
rate constants of 5.0x10722, 2.4x1072¢  and 5.0x10722 cm3/mole-
cule-sec at 25°C (U.S. EPA, 1987b). The hydroxyl radical-initiated
photooxidation of methacrylonitrile in the presence of nitrogen monoxide
resulted in the formation of formaldehyde and acetyl cyanide as primary
products (Hashimoto et al., 1984).

2.1.2. Reaction with Ozone. Nicotinonitrile and succinonitrile are not
susceptible to oxidation by ozone (U.S. EPA, 1987b). The half-1ife for
methacrylonitrile vapor reacting with ozone in the atmosphere has been
estimated to be ~1 day, using an ambient ozone concentration of 6x1021
molecules/cm® and an estimated reaction rate constant of 1.3x10727

cm3®/molecule-sec at 25°C (U.S. EPA, 1987b).
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2.1.3. Photolysis. Nicotinonitrile in methanol absorbs very 1little UV
Tight of wavelengths 1in the environmentally significant range >290 nm
(Sadtler, 1961). Therefore, direct photolysis of this compound in the
atmosphere may not be significant.

2.1.4. Physical Removal. Based on the water solubilities listed in Table
1-2, potentially significant amounts of these compounds could be removed
from the atmosphere by wet deposition; however, rapid reaction with hydroxyl
radicals would 1imit the importance of wet deposition as a removal process.
2.2.  WATER

2.2.1. Hydrolysis. Because organic compounds containing the nitrile
group are potentially susceptible to hydrolysis in water under environmental
conditions (Lyman et al., 1982), nicotinonitrile, succinonitrile and
methacrylonitrile may be susceptible to hydrolysis; however, no quantitative
rate data for these reactions that would permit estimation of half-lives
were available in the literature.

2.2.2. Photolysis. Nicotinonitrile in methanol does not significantly
absorb UV 1ight in the environmentally significant range (wavelengths >290
nm) (Sadtler, 1961), which indicates that potential for photolysis of this
compound in water may not be significant.

2.2.3. Microbial Degradation. Based on TO0D, 500 mg/e succinonitrile
incubated in activated sludge under aerobic conditions for 24 hours
underwent 3.8% degradation (Malaney and Gerhold, 1969). When incubated for
72 hours in activated sludge samples obtained from three different
wastewater treatment facilities 1in Tennessee, an initial concentration of
500 mg/% succinonitrile was found to be resistant to biological oxidation
(Lutin, 1970), which indicates that these compounds may be resistant to

biodegradation in natural waters.
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2.2.4. Bioaccumulation. Using the water solubilities listed in Table 1-2
and the following linear regression equation (Lyman et al., 1982): log BCF =
2.791 - 0.564 log S, BCF values of <2 have been estimated for the selected
nitriles. Based on these BCF values, bioaccumulation of these compounds in
aquatic organisms is not expected to be significant.

2.2.5. Adsorption. Based on estimated Koc values of 7-16 (Section
2.3.3.), the selected nitriles are not expected to adsorb significantly to
suspended solids or sediments in water.

2.2.6. Volatilization. Henry's Law constant for nicotinonitrile has been
estimated to be 2x107® atm-m3/mol at 25°C wusing an estimated wvapor
pressure of 0.0016 mm Hg (Neely and Blau, 1985) and a water solubility of
109,000 mg/% (Offermanns et al., 1984). Based on a method of group con-
tributions to intrinsic hydrophilic character (Hine and Mookerjee, 1975),
Henry's Law constant for succinonitrile has been estimated to be 3.3x107°
atm-m3/mol1 at 25°C. Volatilization of nicotinonitrile and succinonitrile
from water can be considered insignificant based on these values of Henry's
Law constant (Lyman et al., 1982). Based on a method of bond contributions
to intrinsic hydrophilic character (Hine and Mookerjee, 1975), Henry's Law
constant for methacrylonitrile has been estimated to be 1.5x107% atm-m3/
mol at 25°C. Based on this value of Henry's Law constant and following the
method of Lyman et al. (1982), the volatilization half-1ife from water 1 m
deep, flowing at a speed of 1 m/sec, with a wind speed of 3 m/sec has been
estimated to be 2 days.

2.3. SOIL

2.3.1. Chemical Degradation. Since nitriles are potentially susceptible
to hydrolysis in water under environmental conditions (Lyman et al., 1982),

they may also be susceptible to hydrolysis in moist soils.
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2.3.2. Microbial Degradation. Nocardia rhodochrous strain LL100-21

isolated from soill was found to use succinonitrile as its sole nitrogen and
carbon source (DiGeronimo and Antoine, 1976). It is difficult to predict
the biotic fate of these nitriles in natural soils from this experiment.
Based on the conclusions regarding their biodegradability in water (see
Section 2.2.3.), biodegradation of these compounds in soils may be a slow
process.
2.3.3. Adsorption. Using the water solubilities listed in Table 1-2 and
the following linear regression equation (Lyman et al., 1982): 1log Koc =
-0.55 log S + 3.64, soll adsorption coefficients of 7, 7 and 16 have been
estimated for nicotinonitrile, succinonitrile and methacrylonitrile, res-
pectively. These Koc values suggest that these compounds would be highly
mobile and would leach readily through most soil (Swann et al., 1983).
2.3.4. Volatilization. The relatively high vapor pressure of met-
hacrylonitrile (60 mm Hg at 21.5°C (Perry and Green, 1984)) suggests that
volatilization of this compound from dry §o11 surfaces may be significant.
Evaporation from moist soil surfaces may also be significant since this
compound does not have a tendency to adsorb to soil and apparently
evaporates rapidly from water (see Section 2.3.3. and 2.2.6.).
2.4.  SUMMARY

If released to the atmosphere, these compounds are expected to exist
almost entirely in the vapor phase (Eisenreich et al., 1981). The
half-lives for nicotinonitrile, succinonitrile and methacrylonitrile vapor
reacting with photochemically generated hydroxyl radicals have been
estimated to be 2 days, 1 hour and 5 hours, respectively (U.S. EPA, 1987b).
Small amounts of methacrylonitrile may react with ozone (estimated

half-1ife, 1 day) (U.S. EPA, 1987b). Small amounts of these compounds may
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be removed from the atmosphere by wet deposition. If released to water,
nicotinonitrile, succinonitrile and methacrylonitrile may be susceptible to
chemical hydrolysis {Lyman et al., 1982). Volatilization of
methacrylonitrile from water appears to be an important removal process
(half-1ife in a typical river, 2 days) although volatilization of
nicotinonitrile or succinonitrile 1is not expected to be significant.
Adsorption to sediments or suspended solids in water and bioaccumulation in
aquatic organisms are not expected to be significant. Results of two
biodegradation screening studies indicate that succinonitrile is resistant
to biodegradation under aerobic conditions. If released to soil, the
selected nitriles are expected to be highly mobile and leach readily through
most soil. These compounds may be susceptible to hydrolysis in moist soil.
Evaporation of methacrylonitrile from moist or dry soil surfaces is expected

to be significant.
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3. EXPOSURE

Monitoring data pertaining to human cexposure by inhalation (suc-
cinonitrile and methacrylonitrile), ingestion or dermal contact could not be
located in the available literature as cited in Appendix A, Nicotinonitrile
has been identificd as a component of tobacco smoke {Schmeltz et al, 1979),
which suggests that a significant number of people would be exposed to this
compound by inhalation.

The sclected nitriles could potentially be released to the environment

in the effluent or in fugitive emissions from production and usce facilitices.
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4. AQUATIC TOXICITY

Pertinent data regarding toxicity of the selected nitriles to aquatic

organisms could not be located in the available 1literature as cited in

Appendix A.
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5. PHARMACOKINETICS

5.1.  ABSORPTION

Methacrylonitrile is absorbed after inhalation exposure, as indicated by
the finding of cyanide liberated from methacrylonitrile in the bliood of dogs
exposed by 1inhalation to methocrylonitrile (Pozzani et al., 1968) and by
symptoms of cyanide poisoning in rats exposed by 1inhalation to
methacrylonitrile (Peter and Bolt, 1985) (Chapter 6). The only data that
indicate absorption of methacrylonitrile after oral exposure in rats and

mice is information regarding oral LD values (Anonymous, 1986; Hartung,

50
1982; Pozzani et al., 1968) (Section 6.1.3.).

Pertinent data regarding the absorption of succinonitrile and
nicotinonitrile following an inhalation exposure could not be located in the
available Titerature as cited in Appendix A. The only data that indicate
absorption of succinonitrile and nicotinonitrile following oral exposure are
LD50 studies using rats and mice (Hartung, 1982; NIOSH, 1987) (Section
6.1.3.).

5.2.  DISTRIBUTION

The distribution of methacrylonitrile in the organs of rats following
intraperitoneal injection has been studied by Haguenoer et al. (1976). At
high doses of methacrylonitrile (1440, 600 and 300 mg/kg), rats died within
5-30 minutes following injection. Methacrylonitrile, free hydrogen cyanide
and relatively low levels of bound hydrogen cyanide were found in the heart,
lungs, liver, spleen, kidneys, stomach, intestines, skin, muscle, brain and
testicles. Haguenoer et al. (1976) concluded that methacrylonitrile was
1ipophilic and was distributed rapidly to the various organs before death.
At lower doses of methacrylonitrile (150 and 100 mg/kg), death was delayed
between 2 and 24 hours following injection. Methacrylonitrile was found to

be distributed to the same organs as when higher doses were administered,
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although tissue concentrations of methacrylonitrile were predictably lower.
Tissue concentrations of bound HCN were higher at the lower
methacrylonitrile doses, which indicates that the rats had more time before
death to bind the liberated HEN in the form of thiosulfate.

Pertinent data regarding the distribution of succinonitrile or
nicotinonitrile could not be located in the available 1iterature as cited in
Appendix A.

5.3. METABOLISM

In vitro studies have demonstrated that rabbit, rat and mouse liver

slices and microsomes are capable of 1iberating cyanide when incubated with
succinonitriie (Willhite and Smith, 1981; Contessa and Santi, 1973; Floreani
et al., 1980, 1981; Tanii and Hashimoto, 1985). Liver slices or microsomes

taken from mice or rats pretreated with CC1, had a markedly diminished

4
capacity to liberate cyanide from succinonitrile (Tanii and Hashimoto, 1985;
Willhite and Smith, 1981; Contessa and Santi, 1973; Contessa et al., 1978).

In contrast to CCl, pretreatment, l1iver slices taken from rats pretreated

4
with ethanol showed a markedly elevated capacity for liberating cyanide from
succinonitrile (Contessa et al., 1978).

Cyanide was found in the brain, liver and other organs of experimental
animals (mice and rabbits) injected intravenously or intraperitoneally, or
dosed orally with succinonitrile (Willhite and Smith, 1981; Contessa and

Santi, 1973; Tanii and Hashimoto, 1985). In agreement with in vitro

studies, pretreatment of these animals with CC1, inhibited the 1iberation

4
of cyanide in vivo.

A series of in vitro experiments by Tanij and Hashimoto (1984a,b, 1986)

demonstrated that mouse hepatic microsomes are capable of liberating cyanide
from methacrylonitrile. As with succinonitrile, microsomes from mice

pretreated with CC1, were unable to liberate cyanide from methacrylonitrile

4
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(Tanii and Hashimoto, 1984a,b) and microsomes prepared from mice pretreated
with ethanol had an enhanced ability to 1liberate cyanide from
methacrylonitrile (Tanii and Hashimoto, 1986).

Rats exposed by 1inhalation to doses between 3180 and 5700 ppm
(8726-15,641 mg/m3) methacrylonitrile demonstrated signs that were similar
to cyanide poisoning, indicating that cyanide had been 1liberated from the
parent compound (Peter and Bolt, 1985). Further evidence indicating the in
vivo 1liberation of cyanide from methacrylonitrile was the effectiveness of
cyanide antidotes in the treatment of acute methacrylonitrile toxicity in
rats and rabbits (Pozzani et al., 1968).

Haguenoer et al. (1976) found dose-related differences in the metabolism
of methacrylonitrile in rats. Rats were injected intraperitoneally with
methacrylonitrile at doses of 1440, 600, 300, 150 or 100 mg/kg. Death at
each of the dose levels was from cyanide 1iberated from the parent compound,
but the time until death increased with decreasing methacrylonitrile dose.
Cyanide was found to be 1liberated very rapidly from methacrylonitrile in
vivo, and at the three higher doses (1440, 600 and 300 mg/kg), death
occurred ~5, 15 and 30 minutes, respectively, following injection. At the
lower doses, death was delayed until ~2-24 hours following injection and
more bound HCN in the form of thiocyanate was found in the organs of the
rats. Haguenoer et al. (1976) hypothesized that at the lower doses, the
rats had more time to detoxify the cyanide l1iberated from methacrylonitrile
by binding the cyanide in the form of thiocyanate.

Pertinent data regarding the metabolism of nicotinonitrile could not be

located in the available 1iterature as cited in Appendix A.
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5.4. EXCRETION

Succinonitrile injected intravenously into dogs at doses of 3 and 10
mg/kg had a half-1ife in the blood of 21 and 19 hours, respectively (Lodi et
al., 1973). The half-1ife of succinonitrile in the blood of humans injected
with 250 mg intravenously was ~24 hours. In humans, 95% of an intravenously
administered dose of succinonitrile was eliminated as thiocyanate ion in the
urine, while 2-3% was eliminated unchanged in the urine (Lodi et al., 1973).

Several finvestigators (Cavanna and Pocchiari, 1972; Curry, 1974, 1975;
Contessa et al., 1978; Contessa and Santi, 1973) reported that experimental
animals (mice, rats and rabbits) injected intraperitoneally or intravenously
with succinonitrile excreted the unmetabolized parent compound or thio-
cyanate in the urine. CC]4 pretreatment was found to inhibit the urinary
excretion of thiocyanate in the rat (Contessa et al., 1978). Also, urinary
excretion of cyanoacetic acid was observed in mice injected with succino-
nitrile (Merkow et al., 1959).

Methacrylonitrile and free and bound HCN were eliminated in the urine of
rats injected intraperitoneally with methacrylonitrile (Haguenoer et al.,
1976). Methacrylonitrile was eliminated in very small quantities in the
urine, and 4-5 days following injection was not detected in the urine. Free
HCN was not present in the urine in significant amounts after the first day.
The levels of combined HCN in the urine were high the first 2 days and then
declined rapidly to normal. Of the injected dose, 10-16% of methacrylo-
nitrile was eliminated in the form of free and combined HCN in the urine.

Pertinent data regarding the excretion of nicotinonitrile could not be

located in the available 1iterature as cited in Appendix A.
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5.5.  SUMMARY

Pertinent data regarding the rate and extent of absorption of the
nitriles were not located, but the demonstrated toxicity of these chemicals
(Chapter 6) indicates that methacrylonitrile is absorbed after inhalation
exposure in dogs and rats and after oral exposure in rats and mice, and that
succinonitrile and nicotinonitrile are absorbed following oral exposure in
rats and mice. Methacrylonitrile was 1ipophilic and distributed rapidly to
various organs of the rat (Haguenoer et al., 1976). The metabolism of

succinonitrile has been studied in vivo and in vitro using experimental

animals (mice, rats and rabbits), and the primary metabolic pathway appears
to be liberation of free HCN from the parent compound (Willhite and Smith,
1981; Contessa and Santi, 1973; Florean) et al., 1980, 1981; Tanii and
Hashimoto, 1985). Liberation of free cyanide also appears to be the primary
pathway of methacrylonitrile metabolism in vivo and in vitro in experimental
animals (Tanii and Hashimoto, 1984a,b, 1986; Peter and Bolt, 1985; Pozzani
et al., 1968; Haguenoer et al., 1976). Succinonitrile administered
intravenously to humans (Lodi et al., 1973) or Iintraperitoneally or
intravenously to experimental animals (Cavanna and Pocchiari, 1972; Curry,
1974, 1975; Contessa et al., 1978; Contessa and Santi, 1973) is excreted in
the wurine primarily as the parent compound and thiocyanate 1ion.
Methacrylonitrile administered Iintraperitoneally to rats was found to be
excreted in the urine as the parent compound, free cyanide and bound cyanide

in the form of thiocyanate ion (Haguenoer et al., 1976).
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6. EFFECTS
6.1.  SYSTEMIC TOXICITY
6.1.1. Inhalation Exposures.

6.1.1.1.  SUBCHRONIC -- Only one study was found on the systemic
toxicity of methacrylonitrile following subchronic inhalation exposures in
beagle dogs and Harlan-Wistar rats (Pozzani et al., 1968). Groups of 12
male and 12 female rats were exposed to 0, 19.3, 52.6 or 109.3 ppm (0, 53,
144 or 300 mg/m2), 7 hours/day, 5 days/week for 91 days. Endpoints of
toxicity examined were overt signs, body weight changes, liver and kidney
weights and gross and histological examination of 19 tissues. The brain was
not examined microscopically. The only treatment-related effects were
deaths during the first or second day of one 52.6 ppm male and seven 109.3
ppm males, and significantly increased relative liver weights in males and
females at 109.3 ppm and in males at 52.6 ppm.

Groups of three male dogs were exposed to methacrylonitrile at concen-
trations of 0, 3.2, 8.8 or 13.5 ppm (0, 9, 24 or 37 mg/m2?), 7 hours/day, 5
days/week for 90 days. Endpoints examined were body weight changes, overt
signs, hematocrit, total and differential white cell counts, BUN, SGOT,
SGPT, SAP, liver and kidney weights and gross and histological examination
of 27 tissues, including the brain. At 13.5 ppm, CNS toxicity, as evidenced
by convulsions and loss of motor control of the hindquarters, was observed
in 2/3 dogs. One of these dogs had histopathological brain lesions, includ-
ing some demyelination of the corpus callosum. SGOT and SGPT levels were
markedly elevated in 1/3 dogs at 8.8 ppm, but the elevations were transient.
No other treatment-related effects were observed.

Pertinent data regarding subchronic inhalation exposure to succino-
nitrile or nicotinonitrile could not be located in the available 1literature

as cited in Appendix A.
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6.1.1.2. CHRONIC -- Pertinent data regarding <chronic 1inhalation
exposure to succinonitrile, methacrylonitrile or nicotinonitrile could not
be located in the available 1iterature as cited in Appendix A.

6.1.2. Oral Exposures.

6.1.2.1. SUBCHRONIC -- Pertinent data regarding subchronic oral
exposure to succinonitrile, methacrylonitrile or nicotinonitrile could not
be lTocated in the available 1iterature as cited in Appendix A.

6.1.2.2. CHRONIC -- Pertinent data regarding chronic oral exposure to

succinonitrile, methacrylonitrile or nicotinonitrile could not be located in
the available literature as cited in Appendix A.
6.1.3. Other Relevant Information. The acute systemic toxicity of
succinonitrile appears to be due to release of cyanide by metabolism of the
parent compound. At autopsy, cyanide was found in the urine and various
viscera of a man who had been receiving intramuscular injections of succino-
nitrile and died following convulsions. Cyanide derived from succinonitrile
was thought to be the toxic agent (Marigo and Pappalardo, 1966). The blood
of mice injected intraperitoneally with succinonitrile contained cyanide and
thiocyanate (a major cyanide metabolite) (Doherty et al., 1982). Pretreat-
ment with CC]4 lowered the blood levels of cyanide and thiocyanate and
prevented all signs of toxicity. Also, thiosulfate, a cyanide antagonist,
protected mice treated with succinonitrile against death.

The toxicity of methacrylonitrile also appears to be due to cyanide
1iberation. Pozzani et al. (1968) found that a standard therapy for cyanide
intoxication reduced the toxic effects of methacrylonitrile in rats and mice
after an inhalation exposure. Haguenoer et al. (1976) found that the time

to death of rats injected intraperitoneally correlated positively with dose

and tissue level of cyanide (see Section 5.3.).
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Other toxic effects have been observed in animals treated with met-
hacrylonitrile and succinonitrile. Szabo and Reynolds (1975) and Szabo et
al. (1982) reported that methacrylonitrile and succinonitrile were weakly to
moderately ulcerogenic and adrenocorticolytic 1in Sprague-Dawley rats dosed
either orally or subcutaneously (route not clearly specified), 3 times/day
for 4 days. Total doses were 34 mmol/kg for methacrylonitrile and 5.3
mmo1/kg for succinonitrile.

Information regarding the toxicity of nicotinonitrile is limited. Majka
et al. (1979) found that nicotinonitrile caused irreversible opacity of the
cornea when introduced into the eyes of rats and rabbits. LD50 and LC50
values for methacrylonitrile are presented in Table 6-1. The oral L050
for succinonitrile in rats is 450 mg/kg and 129 mg/kg for mice (Hartung,
1982); the intraperitoneal LD5 is 63.1 mg/kg (NIOSH, 1987). The oral

0

LD_, for mice in rats for nicotinonitrile is 1185 mg/kg (NIOSH, 1987).

50
6.2. CARCINOGENICITY

6.2.1. Inhalation. Pertinent data regarding the carcinogenicity of
succinonitrile, nicotinonitrile or methacrylonitrile by inhalation exposure
could not be located in the available 1iterature as cited in Appendix A.
6.2.2. Oral. Pertinent data regarding the carcinogenicity of
succinonitrile, nicotinonitrile or methacrylonitrile by oral exposure could
not be located in the available 1iterature as cited in Appendix A.

6.2.3. Other Relevant Informatton. Bolt et al. (1986) predicted that
methacrylonitrile would prove more carcinogenic than the known carcinogen,

acrylonitrile. Carcinogenicity studies with methacrylonitrile were not

located and this chemical is not scheduled for testing by NTP (1987).
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LDgg or LCgg Values for Methacrylonitrile

TABLE 6-1

Species Route of LDgg or LCgp Reference
Administration
Rat oral 250 mg/kg Anonymous, 1986
Rat oral 25-50 mg/kg Hartung, 1982
Rat oral 240 mg/kg Pozzani et al.,
1968
Rat oral 120 mg/kg Kurzaliev, 1985
Mouse oral 20-25 mg/kg Hartung, 1982
Mouse oral 11.6 mg/kg Kurzaliev, 1985
Rabbit oral 16 mg/kg Kurzaliev, 1985
Rat inhalation 328 ppm (900 mg/m3) Anonymous, 1986
for 4 hours
Mouse inhalation 36 ppm (99 mg/m3) Anonymous, 1986
for 4 hours
Mouse inhalation 400 ppm (1098 mg/m?3) Hartung, 1982
for 4 hours
Rabbit inhalation 37 ppm (102 mg/m3) Anonymous, 1986
for 4 hours
Guinea pig inhalation 88 ppm (241 mg/m2) Anonymous, 1986
for 4 hours
Rabbit dermal 320 mg/kg Pozzani et al.,
1968
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6.3.  MUTAGENICITY

Nicotinonitrile was not mutagenic in Salmonella typhimurium strains

TA98, TA100, TA1535 and TA1537 with or without rat liver S-9 when tested in
the spot test at 3 umol/plate (Florin et al., 1980). Pertinent data
regarding the mutagenicity of succinonitrile or methacrylonitrile could not
be located in the available 1iterature as cited in Appendix A.
6.4. TERATOGENICITY

Succinonitrile appears to be a teratogen 1in the hamster. Pregnant
Syrian golden hamsters were dosed fintraperitoneally with succinonitrile
dissolved in distilled water (Doherty et al., 1983) on day 8 of gestation.
The single doses of succinonitrile given and the number of dams at each dose
level were 0.78-3.02 mmol/kg (18), 4.56 mmol/kg (9) and 6.24 mmol/kqg (10).
Six dams received water 1intraperitoneally and served as controls. The
hamsters were sacrificed on day 11 of gestation and the number of resorp-
tions and malformed fetuses were noted; there were no malformed fetuses in
the controls. Doses of succinonitrile ranging from 0.78-3.0? mmol/kg did
not produce significant teratogenic effects, although 2 fetuses had exen-
cephaly and one fetus had a crooked tail. At 4.56 or 6.24 mmol/kg, a high
incidence of malformations (60-80% of the 1l1itters) was noted in the off-
spring. The most frequent abnormalities were neural tube defects (exen-
cephaly and encephalocoele). A dose-related significantly decreased crown-
rump length was also observed at 4.56 and 6.24 mmol/kg. Succinonitrile
treatment did not affect the incidence of resorptions. Maternal toxicity
(dyspnea, hypothermia and ataxia) was evident in 20% of the animals treated
at the higher doses.

The teratogenic effects of succinonitrile appear to be due to cyanide

released during metabolism of the parent molecule (Doherty et al., 1983).
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Treatment of succinonitrile-dosed dams with sodium thiosulfate, a cyanide
antagonist, provided significant protection against fetal anomalies.

Pertinent data regarding the teratogenicity of nicotinonitrile and
methacrylonitrile could not be located in the available literature as cited
in Appendix A.

6.5. OTHER REPRODUCTIVE EFFECTS

Pertinent data regarding other reproductive effects of succinonitrile,
methacrylonitrile or nicotinonitrile could not be located in the available
Titerature as cited in Appendix A.

6.6.  SUMMARY

One study was located regarding the toxicity of methacrylonitrile by
subchronic 1inhalation exposure (Pozzani et al., 1968). 1In this study,
exposure of rats to concentrations >52.6 ppm (>144 mg/m3), but not 19.3
ppm (53 mg/m3) for 7 hours/day, 5 days/week for 91 days resulted 1in
increased liver weight and death. Exposure of dogs for 7 hours/day, 5
days/week for 90 days resulted in transiently elevated SGOT and SGPT levels
at 8.8 ppm (24 mg/m®) and loss of motor control of hind 1imbs and histo-
pathological brain 1lesions at 13.5 ppm (37 mg/m3). No effects were
observed in dogs at 3.2 ppm (9 mg/m3).

The acute toxicity of the nitriles appears to be due to release of
cyanide during metabolism of the parent compound (Marigo and Pappalardo,
1966; Haguenoer et al., 1976; Pozzani et al., 1968).

Information regarding the carcinogenicity of succinonitrile, nicotino-
nitrile and methacrylonitrile, and the mutagenicity of methacrylonitrile and
succinonitrile was not located. One study indicated that nicotinonitrile

was not mutagenic in S. typhimurium (Florin et al., 1980).
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A study by Doherty et al. (1983) indicated that

teratogenic in hamsters treated

succinonitrile was

intraperitoneally at >4.56 mmol/kg. No

information was located regarding the teratogenicity of either nicotino-

nitrile or methacrylonitrile.
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7. EXISTING GUIDELINES AND STANDARDS
7.1.  HUMAN

ACGIH (1986-1987) adopted a TWA-TLV for methacrylonitrile of 1 ppm or 3
mg/m3. The TLV was based on the subchronic inhalation study using beagle
dogs by Pozzani et al. (1968) and by analogy to acrylonitrile (ACGIH, 1986).
The TWA workplace environmental 1imit for a 10-hour workshift for
succinonitrile is 6 ppm (20 mg/m3) NIOSH (1978).

Pertinent guidelines and standards for nicotinonitrile, including EPA
ambient water and air qudlity criteria drinking water standards, FAOQ/WHO
ADIs, EPA or FDA tolerances for raw agricultural commodities or foods, and
ACGIH, NIOSH or OSHA occupational exposure 1limits could not be located in
the available literature as cited in Appendix A.

7.2.  AQUATIC

Guidelines and standards for the protection of aquatic organisms from

the effects of the selected nitriles could not be located in the available

Titerature as cited in Appendix A.
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8. RISK ASSESSMENT

8.1.  CARCINOGENICITY

Pertinent data regarding the carcinogenicity of succinonitrile,
nicotinonitrile and methacrylonitrile following inhalation, oral or other
routes could not be located in the available Tliterature as cited 1in
Appendix A. Therefore, an EPA classification of D is assigned to these
compounds.
8.2.  SYSTEMIC TOXICITY
8.2.1. Inhalation Exposure.

8.2.1.1. LESS THAN LIFETIME EXPOSURES (SUBCHRONIC) -- The only study
that examined the toxicity of methacrylonitrile after subchronic inhalation
exposure is that of Pozzani et al. (1968). Exposure of rats to concentra-
tions >52.6 ppm (>144 mg/m3), but not 19.3 ppm (53 mg/m3), for 7 hours/
day, 5 days/week for 91 days resulted in increased liver weight and death.
Exposure .of dogs for 7 hours/day, 5 days/week for 90 days resulted in
trans1gnt1y elevated SGOT and SGPT levels at 8.8 ppm (24 mg/m3) and Tloss
of motor control of hind 1imbs and histopathological brain lesions at 13.5
ppm (37 mg/m2). No effects were observed in dogs at 3.2 ppm (9 mg/m3).
Thus, the LOAEL is 24 mg/m3®. Expanding this exposure concentration over a
24-hour day and 7 day-week gives a calculated LOAEL of 5 mg/m3. The NOEL
is 9 mg/m3. Expanding this exposure over a 24-hour day and a 7-day week,
and multiplying by the reference dog inhalation rate of 4.3 m3/day and
dividing by the reference dog body weight of 12.7 kg (U.S. EPA, 1985) yields
a NOEL of 0.63 mg/kg/day. Dividing by an uncertainty factor of 100 (10 for
interspecies extrapolation and 10 to protect sensitive individuals), the

subchronic RfD human exposure level is estimated as 0.006 mg/kg/day or 0.4
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mg/day for a 70 kg human. Dividing the RfD exposure level by 20 m3/day,
the inhalation rate for a 70 kg human, yields a concentration in air of 0.02
mg/m2,

Pertinent data regarding the effects of subchronic inhalation exposure
to succinonitrile or nicotinonitrile could not be located in the available
Titerature as cited in Appendix A.

8.2.1.2. CHRONIC EXPOSURES -- Pertinent data regarding the effects of
chronic inhalation exposure of methacrylonitrile, succinonitrile or
nicotinonitrile could not be located in the available 1iterature as cited in
Appendix A. A chronic inhalation RfD for methacrylonitrile can be estimated
by dividing the subchronic inhalation RfD by an additional uncertainty
factor of 10. Applying the additional uncertainty factor, the chronic
inhalation RfD for methacrylonitrile is 0.002 mg/m2, or 0.04 mg/day for a
70 kg human. The 1level of confidence in this RfD is medium because it is
based on a well conducted subchronic study using two species; both a NOEL
and a LOAEL can be distinguished from the observations and results.

8.2.2. Oral Exposure.

8.2.2.1. LESS THAN LIFETIME EXPOSURES (SUBCHRONIC) -- Pertinent data
regarding the effects of subchronic oral exposure to methacrylonitrile,
succinonitrile and nicotinonitrile could not be located in the available
1iterature as cited in Apppendix A. A subchronic oral RfD for methacrylo-
nitrile can be calculated using inhalation data from Pozzani et al. (1968).
The NOEL from the study of Pozzani et al. (1968) occurred at a concentration
of 9 mg/m3, 7 hours/day, 5 days/week. Expanding for an equivalent human
exposure and multiplying by the reference inhalation rate of 4.3 m3/day
for a dog and by an absorption factor of 0.5, and then dividing by the
reference dog body weight of 12.7 kg, a transformed animal dose of 0.32
mg/kg/day can be calculated.
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The RfD is calculated by dividing the NOEL by an uncertainty factor of 100
(10 for interspecies extrapolation and 10 for sensitive individuals). The
calculated subchronic oral RfD is 0.003 mg/kg/day, or 0.2 mg/day for a 70 kg
human.

The level of confidence in the subchronic oral RfD is low because it is
based on only one study (Pozzani et al., 1968), and because this was an
inhalation study of the toxicity of methacrylonitrile.

8.2.2.2. CHRONIC EXPOSURES -- Pertinent data regarding the effects of
chronic oral exposure to methacrylonitrile, succinonitrile and methacrylo-
nitrile could not be located in the available 1iterature as cited 1in
Appendix A. A chronic oral RfD can be derived by dividing the subchronic
oral RfD by an additional wuncertainty factor of 10 to extrapolate from
subchronic to chronic exposure. Dividing the subchronic RfD derived from
the study of Pozzani et al. (1968) by 10, a chronic oral RfD of 0.0003
mg/kg/day, or 0.02 mg/day for a 70 kg human 1is derived. The 1level of
confidence in this RfD 1s low for reasons stated previously (see Section

8.2.2.1.) and because the study was subchronic.
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9. REPORTABLE QUANTITIES
9.1. BASED ON SYSTEMIC TOXICITY

The toxicity of methacrylonitrile was discussed in Chapter 6. Table 9-1
summarizes the only studies in which toxic effects of subchronic or chronic
exposure were observed.

Reportable quantities were determined using data from the subchronic
inhalation toxicity study of methacrylonitrile by Pozzani et al. (1968).
The most severe effect, death in Harlan-Wistar rats, occurred at an equiva-
lent human dose of 3.27 mg/kg/day. Dividing by an uncertainty factor of 10
to approximate chronic exposure and 70 kg gives an MED of 22.9 mg/day (Table
9-2). This MED corresponds to an RVd of 3.5. The RVe corresponding to
death 1is 10, and multiplication of this RVe by the RVd yields a CS of
35. This CS corresponds to an RQ of 100 (see Table 9-2).

The second most severe effects were loss of motor control in the hind
1imbs of beagle dogs and histopathological brain lesions, which occurred at
a human equivalent dose of 1.48 mg/kg/day. When this is divided by an
uncertainty factor of 10 (to convert subchronic exposure to chronic
exposure) and then multiplied by 70 kg, a MED of 10.4 mg/day is obtained.
This MED corresponds to an Rvd of 4.0. The RVe corresponding to loss of

motor control is 9 and multiplication of this RVe by the RV, ylelds a CS

d
of 36 (see Table 9-2). This CS corresponds to an RQ of 100.

The third most severe effect was a marked but transitory elevation of
SGOT and SGPT values 1in beagle dogs. This occurred at a human equivalent
dose of 0.96 mg/kg/day. Division of this dose by 10 (to convert subchronic
to chronic exposure) and multiplication by 70 kg yields an MED of 6.7

mg/day. This MED corresponds to an RV, of 4.3.

d
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The RVe assoclated with elevation of SGOT and SGPT values is 6 and
multiplication of this RVe by the RVd yields a CS of 26. The R(Q
associated with this CS is 100 (see Table 9-2).

The RQs determined from the three effects {death, loss of motor control
in hind 1imbs and elevated SGOT and SGPT 1levels) are the same {100). The
highest CS (36) corresponded to the effect of loss of motor control and
brain lesions in dogs and this was chosen as the basis for the RQ (Table
9-3). Data were insufficient to derive RQs for succinonitrile and
nicotinonitrile {(Tables 9-4 and 9-5).

9.2. BASED ON CARCINOGENICITY

Pertinent data regarding the carcinogenicity of methacrylonitrile,
succininonitrile or nicotinonitrile could not be located in the available
Titerature as cited in Appendix A; therefore an RQ based on carcinogenicity

cannot be derived.
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TABLE 9-3
Methacrylonitrile
Minimum Effective Dose {MED) and Reportable Quantity (RQ)

Route: inhalation

Dose*: 10.4 mg/day

Effect: loss of motor control and brain lesions
Reference: Pozzani et al., 1968

RV4: 4.0

RVa: 9

Composite Score: 36

RQ: 100

*Equivalent human dose
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Minimum Effective Dose (MED) and Reportable Quantity (RQ)

TABLE 9-4

Succinonitrile

Route:
Dose:
Effect:
Reference:
RVq:

RVa:

Composite Score:

RQ:

Data were iInsufficient to derive an RQ
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Minimum Effective Dose (MED) and Reportable Quantity (RQ)

TABLE 9-5
Nicotinonitrile

Route:
Dose:
Effect:
Reference:
RV4:

RVe:

Composite Score:

RQ:

Data were insufficient to derive an RQ
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APPENDIX A

LITERATURE SEARCHED
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identified by

computerized literature
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TOXBACK 65
RTECS
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SRC Cnvironmental Fate Data Bases

SANSS

AQUIRE

TSCAPP

NTIS

lederal Reqgister
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