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 SEQ CHAPTER \h \r 1ABSTRACT
Application of PAL protocols was performed for acrylonitrile, as experimental data permitted.  Human data were limited to inhalation exposures.  The animal experimental data set for this chemical was robust for inhalation and oral studies, with the exception of appropriate data for inhalation 30-d, 90-d, and 2-yr PAL 3 values.   PAL estimates were approved by the Expert Consultation Panel for Provisional Advisory Levels in October 2007.


Oral 24-hr PALs for acrylonitrile are: PAL 1 = 7 mg/L; PAL 2 = 23 mg/L; and PAL 3 = 88 mg/L.  Oral 30-d and 90-d PALs are: PAL 1 = 0.35 mg/L; PAL 2 = 7 mg/L; and PAL 3 = 17 mg/L.  Oral 2-yr PALs are: PAL 1 = 0.35 mg/L; PAL 2 = 3.5 mg/L; and PAL 3 = 12 mg/L.  Acrylonitrile inhalation PAL values for 24 hr exposure are: PAL 1 = 0.17 ppm; PAL 2 = 3.5 ppm; and PAL 3 = 5.1 ppm; the 30-d and 90-d inhalation exposure values are: PAL 1 = 0.15 ppm and PAL 2 = 0.60 ppm.  The 2-yr inhalation values are: PAL 1 = 0.014 ppm and PAL 2 = 0.12 ppm.  PAL 3 values for 30-d, 90-d, and 2-yr are not recommended due to insufficient data.
1. Chemical Identification
Name: Acrylonitrile
Synonyms: Vinyl cyanide; cyanoethylene; 2-propenenitrile 
CAS No: 107-13-1
Molecular formula: C3H3N
Molecular weight: 53.06
Structure: CH2 = CH - CN
2. Chemical/Physical Properties

Acrylonitrile is a colorless liquid with a slightly pungent odor. The chemical may develop a yellow coloration in the presence of light (EU, 2004). It is soluble in water and miscible with most organic solvents. It may explode violently in the presence of light, concentrated caustic acid, or concentrated alkali, and is highly ignitable and flammable, producing toxic combustion by-products including hydrogen cyanide and oxides of nitrogen (WHO, 2002; HSDB, 2007). Acrylonitrile is produced commercially by the process of propylene ammoxidation, in which propylene, ammonia, and air are reacted in a fluidized bed in the presence of a catalyst. It is used primarily in the manufacture of acrylic and modacrylic fibers, and is also used in the production of plastics, nitrile rubbers, nitrile barrier resins, and acrylamide and adiponitrile (ATSDR, 1991). Recent world-wide production has been estimated at 4 to 4.5 million metric tons (Collins et al., 2003; NPI, 2006).  Production of acrylonitrile in the United States was 3.4 million pounds in 1996 (NTP, 2006). The physicochemical data for acylonitrile are shown in Table 1.    

3. Environmental Fate (Air and Water)

Acrylonitrile is readily volatile, and may be released to the air during its manufacture and use. When released to the air, the chemical reacts primarily with hydroxyl radicals which are photochemically generated in the troposphere. The atmospheric half-life, calculated based on hydroxyl radical reaction rate constants, is estimated to be between 4 and 189 hours. This reaction yields formaldehyde, and to a lesser extent, formic acid, formyl cyanide, carbon monoxide, and hydrogen cyanide. Acrylonitrile also reacts with ozone in the atmosphere, however this reaction is slow and represents a minor route of degradation (ATSDR, 1991; WHO, 2002; EU, 2004).

Acrylonitrile is quite soluble in water, and does not tend to adsorb to sediment. In water, it can be biodegraded by microorganisms or volatilized. Half-lives of 30-552 hours have been estimated based on aqueous aerobic biodegradation, while the half-life based on volatilization is estimated at 1-6 days. The hydrolysis of acrylonitrile in water is slow, with half-lives under acidic and basic conditions of 13 and 188 years, respectively. The potential for acrylonitrile to bioaccumulate in aquatic organisms is considered to be moderate (ATSDR, 1991; WHO, 2002; HSDB, 2007). 
4. Absorption, Distribution, Metabolism, Elimination
4.1 Absorption

Following inhalation exposure, acrylonitrile will undergo rapid absorption by passive diffusion.  Data from six human male volunteers exposed to acrylonitrile (5 or 22 ppm) for 8 hours indicated that about 52% of the inhaled acryonitrile was retained (Jakubowski et al., 1987). Approximately 91.5% retention was reported for rats exposed to 1800 ppm (3,900 mg/m3) acrylonitrile with absorption exhibiting a biphasic pattern (Peter and Bolt, 1984).  These investigators also reported that rhesus monkeys absorbed nearly all acryonitrile after 6 hours. 

Results of animal studies indicate that acrylonitrile is also well absorbed following oral exposure. Kedderis et al. (1993a) reported absorption of approximately 95-98% of the administered oral dose and Ahmed et al. (1982) demonstrated that peak blood levels were achieved within 3 hours of oral administration of the compound.  
4.2 Distribution

Absorbed acrylonitrile is readily distributed throughout the body. Kedderis and Fennell (1996) reported detection of acrylonitrile and 2-cyanoethylene oxide (CEO) in blood, brain, and liver of Fisher F-344 rats three hours after exposure  to 186, 254, or 291 ppm.  Concentrations of acrylonitrile and CEO tended to be greater in the brain than in liver, and decreased rapidly following cessation of exposure.  Glutathione (GSH) depletion by phorone/buthionine sulfoximine treatment was shown to enhance tissue uptake of acryonitrile into brain, stomach, liver, kidney, and blood of F-344 rats (Pilon et al., 1988b).  GSH depletion, however, resulted in a decrease in total radioactivity recovered in brain, stomach, liver, kidney, and blood and a decrease in the nondialyzable radioactivity (acrylonitrile-derived) in the same organs.   Control rats showed an accumulation of radiolabel which was greatest in brain RNA; no radioactivity was detected in the DNA of any organ examined.  In the GSH-depleted rats, radiolabel was greater in brain RNA than in that of the liver or stomach, but was only about half that observed in brain RNA of control rats. 

Following oral administration, acrylonitrile and/or its metabolites accumulated in the liver, kidney, intestinal mucosa, adrenal cortex, and blood (Sandberg and Slanina, 1980). Ahmed et al. 1982, 1983) administered a single oral dose of 46.5 mg/kg of [1-14C]-acrylonitrile to adult Sprague Dawley rats and reported that the highest initial concentrations of radioactivity occurred in the stomach and intestines. High concentrations were found in the liver, kidney, and lung tissues up to 24 hours after administration. Maximum concentrations were seen in the heart, thymus, spleen, adrenals, brain and skin after 3 to 6 hours, followed by a gradual decrease in radioactivity. The highest levels of [1-14C]-acrylonitrile were reported in the G.I. tract, up to 72 hours after administration. This suggests possible binding of acrylonitrile, cyanide, or other metabolites within the stomach mucosa or a possible resecretion process of acrylonitrile metabolites into the stomach. 

4.3 Metabolism

Acrylonitrile toxicity appears to be directly related to its metabolism. Animal studies indicate the same pathways of metabolism for acrylonitrile, whether exposure is through the inhalation or oral routes (ATSDR, 1991). 

Two major metabolism pathways have been described (Dahl and Waruszewski, 1989; Fennell et al., 1991; Kedderis et al., 1993a; Burka et al., 1994; Gargas et al., 1995, Sumner et al., 1999).  One pathway is direct conjugation with glutathione and the second is epoxidation by microsomal cytochrome P4502E1 which forms CEO.  Metabolites from both pathways are subject to additional biotransformation.  The glutathione conjugate may form a mercapturic acid which is excreted in urine.  CEO is further metabolized via conjugation with glutathione (catalysis with cytosolic GST or nonenzymatically) resulting in additional conjugates and via hydrolysis by microsomal epoxide hydrolase (EH).  The secondary metabolites of CEO may also be further metabolized.  Cyanide may be generated via the EH pathway and by one of the GSH conjugation products. Cyanide, in turn, is detoxified to thiocyanate via rhodanese-mediated reactions with thiosulfate.  Thiocyanate has been detected in the blood and urine of volunteer subjects following exposure to acrylonitrile (21-51 ppm for 30 minutes) (Wilson and McCormick, 1949). 

Studies have shown that the major metabolite of acrylonitrile in the rat, rabbit, and other animals is N-acetyl-S-(2-cyanoethyl)cysteine, following oral administration of acrylonitrile (Dahm, 1977; Ahmed and Patel, 1979; Van Bladeren et al., 1981). Fennell et al. (1991) and Kedderis et al. (1993a) reported that following gavage administration of [2,3-14C]-acrylonitrile to male F-344 rats, metabolites arising from conjugation with GSH represented 85% of all urinary metabolites. A number of investigators have shown that after a short-term oral gavage dose, the metabolic pathway consisting of direct conjugation with glutathione appears to predominate, however, in the case of lower oral doses, such as through drinking water or dietary administration, or low levels of acrylonitrile through inhalation exposure, the metabolic pathway forming CEO predominates (Muller et al., 1987; Kedderis et al., 1993a).  In addition, depletion of glutathione results in a shift in the metabolic pathway from conjugation with glutathione to epoxidation by cytochrome P4502EI forming CEO (Pilon et al., 1988a).

Sweeney et al. (2003) developed a physiologically-based pharmacokinetic (PBPK) model of acrylonitrile and CEO deposition in humans, based on human in vitro data and scaling from a rat model (Kedderis and Fennell, 1996). Model simulations indicated that predicted blood and brain acrylonitrile and CEO concentrations were similar in rats and humans exposed to acrylonitrile by inhalation. In contrast, rats consuming acrylonitrile in drinking water had higher predicted blood concentrations of acrylonitrile than would humans exposed to the same concentrations in water.

4.4 Elimination

Excretion of acrylonitrile and its metabolites is primarily via the urine, with feces and exhaled air being minor routes of excretion, for both the inhalation and oral routes of exposure.  N-acetyl-S-(2-cyanoethyl)L-cysteine is the major urinary metabolite in human volunteers exposed to 5-10 mg acrylonitrile (Wexler, 1998). Acrylonitrile and its metabolites have been detected in the urine of exposed workers.  Perbellini et al. (1998) reported that levels of acrylonitrile in urine of pre- and post-shift workers were greater than in non-exposed controls. 


At 24 hours after inhalation exposure of male Sprague-Dawley rats to 0, 4, 20, or 100 ppm acrylonitrile for 6 hours, 2-cyanoethylmercapturic acid, 2-hydroxyethylmercapturic acid, and thiocyanate were measured in the urine (Tardif et al, 1987). The relationship between total urinary metabolites and exposure appeared to be linear.  A dose-dependent excretion profile was reported for male Wistar rats following inhalation exposure to 1, 5, 10, 50, or 100 ppm acrylonitrile for 8 hours (Müller et al. 1987).  Cyanoethyl mercaturic acid, S-carboxymethyl cysteine, hydroxyethyl mercapturic acid, and thioglycolic acid were detected as urinary metabolites.  The investigators concluded that urinary metabolite profiles may be useful for biological monitoring of industrial exposure. Specifically, unmetabolized acrylonitrile and the metabolites, cyanoethyl mercapturic acid and thioglycolic acid, were considered important. 

Following oral exposure in rats, Ahmed et al. (1983) reported that within the first 24 hours, 40% to 60% of the dose was eliminated in the urine. Farooqui and Ahmed (1983b) reported that 10 days after administration of a single oral dose of acrylonitrile in rats, 61% was detected in the urine, 3% in feces, 13% in expired air, and 25% was covalently bound to tissues and retained in the body. 

5. Mechanism of Toxicity


The mechanism by which acrylonitrile causes irritation is unknown.  Nasal tissue damage in rats may be related to metabolism of acrylonitrile by this tissue (Dahl and Waruszewski, 1989).  Hematologic effects may be due to acrylonitrile and CEO hemoglobin adducts (Bergmark, 1997; Fennell et al., 2000) while GSH depletion in red blood cells may result in the oxidation of hemoglobin to methemoglobin (Farooqui and Ahmed, 1983b). 


Generally, the toxic effects following acute inhalation exposure to acrylonitrile appear to be irritation of the respiratory tract and the metabolism of acrylonitrile to cyanide which inhibits cellular respiration.  Acrylonitrile-induced neurological effects in laboratory animals appear to involve the parent compound and the cyanide metabolite.  The pivotal role of cyanide in the acute toxicity of a series of aliphatic nitriles has been clearly demonstrated (Willhite and Smith, 1981).  Acrylonitrile-induced convulsions are likely the result of cyanide resulting from acrylonitrile metabolism (Ghanayem et al., 1991; Nerland et al., 1989) although results of metabolism studies by Benz and Nerland (2005) suggest that only the early seizures are cyanide-mediated and that severe clonic convulsions preceding death may be due to the parent compound. Other possible modes of action include inhibition of glyceraldehyde-3-phosphate dehydrogenase, by binding to critical cysteine residues (Campian et al., 2002) and ATP production by cyanide with respect to CNS effects.  Additionally, it has been hypothesized that acrylonitrile-induced oxidative stress may be related to some neurological effects (Fechter et al., 2003).


Cyanide formation by dams may be responsible, in part, for the developmental toxicity of acrylonitrile in animals. Saillenfait and Sabate (2000) reported that a series of aliphatic nitriles produced embryotoxicity similar to that observed for sodium cyanide.  Saillenfait et al. (1993b) suggested that glutathione depletion may be involved in the embryotoxicity of inhaled acrylonitrile in rats. 
6. Susceptibility
6.1.
Sensitive Populations

Due to the pivotal role of oxidative metabolism of acrylonitrile in the formation of cyanide, alterations in oxidative metabolism capacity (e.g., induction or inhibition of CYP2E1 activity) may affect the cyanide production rate (induction resulting in greater cyanide formation).  Because cyanide detoxification may be affected by variances in sulfane sulfur as a source for thiocyanate formation via rodanese, individuals with lower circulating levels of sulfane sulfur (e.g., low cysteine content diets) may have lowered capacity for cyanide detoxification. It is the net difference between the capacities of these processes that will ultimately determine the overall cyanide-induced toxicity.  


Results of a study examining the relationship between cigarette smoking, acrylonitrile-derived hemoglobin adducts (N-(2-cyanoethyl)valine), and null genotypes for glutathione transferase (GSTM1 and GSTT1) were reported by Fennell et al. (2000). Analysis of the GST genotypes (by blood analysis) from 16 nonsmokers and 32 smokers (one to two packs/day) showed that hemoglobin adduct levels increased with increased cigarette smoking dose.  Because the GSTM1 and GSTT1 genotypes had little effect on adduct level concentrations, the results suggest that GST polymorphism may not be relevant to assessing susceptibility to acrylonitrile toxicity. 
6.2. Species Susceptibility


The effects of acute inhalation exposure to acrylonitrile are qualitatively similar among several animal species (monkey, dog, cat, rat, rabbit, guinea pig).  Nerland et al. (1989) categorized the clinical signs of acute inhalation exposure to acrylonitrile into four stages: 1) an excitatory phase characterized by lacrimation and agitation, 2) a tranquil phase in which cholinergic responses (salivation, lachrimation, urination, defecation) occur, 3) a convulsive stage characterized by clonic seizures, and 4) a terminal stage characterized by paralysis and death.  At least some of the variability in the toxic response to acrylonitrile may be a function of the cyanide metabolite and activity levels of rhodanese.  Drawbaugh and Marrs (1987) reported dogs to have relatively lower levels of rhodanese activity and that rats had relatively high levels; overall species variability was about 3-fold.   Results of experiments by Dudley and Neal (1942) also indicated that the dog was the most sensitive species. 


Species differences in metabolism of acrylonitrile are notable. Both rats and mice appear to form CEO at a greater rate (1.5-fold and 4-fold, respectively) than humans (Roberts et al., 1991). Although the rate of CEO formation was greater in mice, levels of CEO were only a third that found in rats (Roberts et al., 1991). The conjugation rate for CEO with GSH is reportedly faster in humans (1.5-fold) than in mice or rats (Kedderis et al., 1995).  The hydrolysis of CEO by EH is notably higher in humans and virtually absent in mice and rats (Kedderis et al., 1995).  Based upon spectral analysis of acrylonitrile interaction with microsomal preparations from rats, mice, and humans, Appel et al. (1981b) concluded that rats resemble humans more closely than do mice. 
7. Human Toxicity Data
7.1. Acute Toxicity (24 hours)
7.1.1. Inhalation

A child exposed overnight in a room fumigated with acrylonitrile died.  Vomiting, lacrimation, convulsions, respiratory difficulty, cyanosis, and tachycardia were present.  Five adults also in the room experienced little or no effect (Grunsky, 1949).  No exposure concentration-duration information was reported.


Loss of consciousness, convulsions, and respiratory arrest have been reported as outcomes of severe acute inhalation exposure to acrylonitrile (Buchter and Peter, 1984).   However, no concentration information was available.   


The death of a worker cleaning an acrylonitrile-containing wagon at a train depot was attributed to exposure to the chemical (Bader and Wrbitzky, 2006).  No exposure information was available, although liquid acrylonitrile was present on the clothing of the individual.  The cause of death was reportedly blood circulation collapse.

Wilson et al. (1948) reported that exposure of workers in a synthetic rubber manufacturing plant exposed to acrylonitrile vapors at concentrations of 16-100 ppm for 20-45 minutes experienced dull headaches, nasal and ocular irritation, discomfort in the chest, nervousness and irritability.  Workers with notable poisoning experienced nausea, vomiting, and weakness.  Some developed mild jaundice, low-grade anemia, and leukocytosis.  No exposure information was provided for the workers with these more serious effects, but all recovered upon removal from exposure.  Zeller et al. (1969) reported on 15 cases of acute inhalation of acrylonitrile fumes by workers. Nausea, vomiting, headache, and vertigo appeared within 5-15 minutes; no concentrations were reported. 

Lacrimation and visual disturbance were reported for some non-fatal exposures to acrylonitrile (Davis et al., 1973).  Although exposure concentrations were not reported, these effects were likely associated with very high acrylonitrile concentrations. Ocular irritation was a primary effect in a 24-year old man whose face, eyes and body were sprayed by acrylonitrile (no exposure concentration data) explosively released from a defective valve (Vogel and Kirkendall, 1984).  Mild conjunctivitis with no corneal clouding was reported.  Results of fundascopic examination were normal. Sakurai et al. (1978) reported that workers routinely exposed to approximately 5 ppm acrylonitrile in an acrylic fiber factory experienced conjunctival irritation to which some degree of accomodation occurred. 

A study was conducted to evaluate the metabolism and excretion of acrylonitrile in human informed volunteer subjects (Jakubowski et al., 1987).  The six volunteers (including the investigators) were all males aged 28-45.  Being toxicologists, they were all aware of the toxic properties of acrylonitrile.   The subjects were exposed for 8 hours to acrylonitrile vapors generated by a saturator immersed in a thermostat-controlled water bath and diluted with carrier air to produce the desired acrylonitrile concentrations (5 or 10 mg/m3; equivalent to 2.3 and 4.6 ppm, respectively).  Airflow in the 11.7 m3 chamber was approximately 200 m3/hr.  There were three 10-minute breaks from the exposure at 2, 4, and 6 hours.  Gas chromatography was used to monitor the acrylonitrile concentration every 15 minutes.  No symptoms were reported by any of the subjects.  

Chen et al. (1999) reported on 144 cases of acute acrylonitrile poisoning. Of the 144 cases, 60 were sporadic poisonings due to accidents during acrylonitrile production or product loading or unloading work and 84 were collective poisoning due to large accidents during the installation of acrylonitrile production equipment. All of the victims were poisoned by inhaling acrylonitrile leaking out at the scene of the accident. The concentrations of acrylonitrile in the air could not be collected in time for accurate determination of the concentrations; however, the concentrations in the 60 sporadic cases were estimated to be 40 – 560 mg/m3 (18 – 255 ppm) and in the 84 cases of collective poisoning, the concentrations of acrylonitrile in the air analyzed five hours after the accidents were determinted to be 79 – 105 mg/m3 (36 – 48 ppm). The authors stated that the actual concentration of acrylonitrile in air at the time of the collective poisoning, considering the rapidity of acrylonitrile diffusion and the severity of the poisoning, was probably  over 1,000 mg/m3 ( 454 ppm).  

The clinical manifestations of the acute poisonings, which were seen in most cases, were central nervous system symptoms such as dizziness, headache, chest tightness, nausea, and fainting. Convulsions were seen in 32% and numbness of limbs in 40% of the cases. The latency of acute acrylonitrile poisoning varied inversely with the concentration of acrylonitrile in the air at the scene of the accident; i.e. the higher the concentration, the shorter the latency period. Liver function tests were carried out on 120 cases, and 7 of these cases showed abnormal changes in liver enzymes on the 5th day after the poisoning. All 7 of these cases were exposed to lower concentrations of acrylonitrile in air (40 – 79 mg/m3 (18 – 36 ppm)) for a relatively longer duration of exposure (3-6 hours). 
7.1.2.
Oral

No acute toxicity data on exposure of humans to acrylonitrile were found.

7.1.3.
Ocular/Dermal


A 10-year old girl died following dermal exposure to acrylonitrile. As a treatment for head lice, an acrylonitrile preparation had been applied to the scalp, with nausea, headache, and dizziness reported. Death occurred 4 hours after treatment. No concentrations were reported in the study (Lorz, 1950).


Acrylonitrile is a skin irritant and a severe eye irritant. Dudley and Neal (1942) reported that a laboratory worker spilled small quantities (concentration not reported) of acrylonitrile on his hands, resulting in diffuse erythema on both hands and wrists within 24 hours, followed by blisters on the fingertips on the third day. In another case report, skin contact resulted in local irritation, erythma, and swelling and the lesions spread to parts of the body that had not been exposed (Hashimoto and Kobayashi, 1961). Wilson et al. (1948) reported that direct skin contact with acrylonitrile resulted in irritation and erythma and scab formation, with slow healing, and that workers exposed to acrylonitrile vapors at levels between 16 and 100 ppm for 20 to 45 minutes experienced eye, nose, and throat irritation. 
7.2.
Short-Term/Subchronic Toxicity (>1 to 90 days)
7.2.1.
Inhalation

No subchronic inhalation toxicity data on exposure of humans to acrylonitrile were found.
7.2.2.
Oral

No subchronic oral toxicity data on exposure of humans to acrylonitrile were found.  
7.2.3.
Ocular/Dermal

No subchronic ocular/dermal toxicity data on exposure of humans to acrylonitrile were found.
7.3
Chronic Toxicity (>90 days)
7.3.1.
Inhalation

Occupational exposure to acrylonitrile for approximately 3 years at concentrations ranging from 0.6 to 6.0 mg/m3 (0.3 to 3 ppm) produced headaches, insomnia, general weakness, decreased working capacity, and irritability (Babanov et al., 1959). 

In a report by Sakurai and Kusumoto (1972), the health records of 576 workers working in five acrylonitrile fiber plants over a 10 year period were examined.  Workers exposed to acrylonitrile at a concentration of 11 mg/m3 (5 ppm) complained of headache, fatigue, nausea, and insomnia. There was a positive correlation with exposure time but not with the exposure concentration or age of workers. The report analyzed 4439 examinations acquired over 10 years prior to 1970.  Two cohorts, one exposed to concentrations of acrylonitrile below 11 mg/m3 (5 ppm) and the other exposed to less than 45 mg/m3 (20 ppm) were considered.  In a later report, however, Sakurai et al. (1978) stated that the study lacked adequate epidemiological design, the findings were based on routine health examinations, and the exposure levels were not reliably reported and may have been much higher.  In this later appraisal it was noted that many of the symptoms were associated with concentrations well in excess of 5 ppm. Sakurai et al. (1978) stated that their findings were not contradictory to those of Wilson et al. (1948), reflecting the older and less controlled workplace environment where levels could be up to 20 ppm.

In Sakurai et al. (1978), 102 workers whose exposure to acrylonitrile exceeded 5 years and 62 controls were examined for the health effects of acrylonitrile. The workers were divided into three groups, with mean concentrations of 2.1 ppm, 7.4 ppm, and 14.1 ppm. No serious health effects were reported from medical examinations which included clinical chemistry measurements, however many of the workers had initially experienced irritation of the conjunctiva and upper respiratory tract. These acute irritative symptoms had decreased gradually over time and were infrequent by the time of the study.      


The World Health Organization (WHO IPCS, 1983) summarized various workplace studies (Zotova, 1975; Delivanova et al., 1978; Enikeeva et al., 1976) and reported headaches, vertigo, and limb weakness in workers exposed to 5 ppm acrylonitrile. Gincheva et al. (1977) reported no changes in the health status for a group of 23 men occupationally exposed to 1.9 to 3.3 ppm acrylonitrile for three to five years.  

In an epidemiologic study of workers exposed to approximately 1 ppm (2.2 mg/m3),  there was no evidence of adverse health effects, based on a wide range of clinical parameters. The only adverse effect reported was acute dermal irritation (Muto et al., 1992). Kaneko and Omae (1992) studied subjective symptoms in 504 workers exposed to acrylonitrile at concentrations of 1.8 ppm (4 mg/m3), 7.4 ppm (16 mg/m3), and 14.1 ppm (31 mg/m3), for a period of 5.6, 7, and 8.6 years, respectively. Medical examinations were not performed, but workers were questioned about their symptoms by means of a questionnaire. Compared to non-exposed workers, exposed workers registered more complaints about irritation of the mucosa and respiratory tract, headaches, and general weakness, with no clear differences reported between the three exposure groups. The authors concluded that long-term exposure to acrylonitrile at levels up to 14.1 ppm may cause some reversible subjective symptoms. 
7.3.2.
Oral

No chronic oral toxicity data on exposure of humans to acrylonitrile were found.
7.3.3.
Ocular/Dermal

WHO (1983) summarized various workplace studies and reported that blepharoconjunctivitis was noted at exposures to 5 ppm acrylonitrile.  

7.4.
Reproductive/Developmental Toxicity
7.4.1.
Inhalation

Data on developmental/reproductive toxicity of acrylonitrile in humans are very limited.  A reported decreased testosterone level in acrylonitrile factory workers (Ivanescu et al., 1990) was confounded by concurrent exposure to other chemicals.  No adverse effect was detected for gynecological health of 410 women occupationally exposed to acrylonitrile (concentration not reported) compared to 436 unexposed women (Dorodnova, 1976).   Czeizel et al. (1999) reported on the rate and type of congenital abnormalities in 46,326 infants born to mothers living within a 25 km radius of an acrylonitrile factory in Hungary.  Significant clusters of pectus excavatum (depressed sternum), undescended testes, and clubfoot were noted.  The authors, however, reported that the overall results supported the null hypothesis for acrylonitrile-induced effects in people living in the vicinity of the acrylonitrile factory. 

A case control study of 475 female workers exposed to acrylonitrile reported a higher incidence of premature delivery (RR = 1.55), birth defects (RR = 1.84), pernicious vomiting during pregnancy (RR = 1.64), and anemia (RR = 2.79) compared to non-exposed workers in a fabric plant (Weiai et al., 1995). An increase in miscarriages was also reported, although the increase was not statistically significant. However, there was concomitant exposure to other chemicals in the workplace, making it difficult to evaluate acrylonitrile’s role in the causation of these effects.  
7.4.2.
Oral

No oral reproductive/developmental toxicity data on exposure of humans to acrylonitrile were found.
7.4.3.
Ocular/Dermal

No dermal reproductive/developmental toxicity data on exposure of humans to acrylonitrile were found. 
7.5
Carcinogenicity
7.5.1.
Inhalation

Numerous studies have been conducted to assess the potential carcinogenicity of acrylonitrile.  These have been previously reviewed (Felter and Dollarhide,1997; Sapphire Group, Inc., 2004; EU, 2004) and will not be discussed in detail in this document.  Table 2 presents an overview of these studies. 

Following extensive analysis of the epidemiology studies (occupational cohort studies, supporting cohort and case-control studies), it has been concluded that many of the older studies had methodological or design weaknesses (e.g., insufficient sample size, insufficient or incomplete follow-up, inadequate exposure assessment, confounding factors such as simultaneous exposures and smoking habits for which there were no controls) and that the results of the studies did not provide adequate evidence that acrylonitrile is carcinogenic in humans at current occupational exposure levels or at lower levels that would be characteristic of environmental exposures (Sapphire Group, Inc., 2004).  In the evaluation it was also noted that results of more recent studies (Benn and Osborne, 1998; Blair et al., 1998; Wood et al., 1998; Swaen et al., 1998, 2004) supported this conclusion and that meta-analysis (Rothman, 1994; Collins and Acquavella 1998, EU, 2004) affirmed that the cancer risk associated with acrylonitrile exposure is extremely low.


Felter and Dollarhide (1997) concluded that the human weight of evidence for the carcinogenicity of acrylonitrile in humans is insufficient.   Evaluations of recent literature indicate that the weight of evidence from human studies does not support the conclusion that there is a causal association between exposure of humans and lung cancer.  A 1x10-4 risk specific concentration of 9 µg/m3 was derived based upon the LED10. 

The disparity between findings from laboratory animal bioassays and human epidemiological findings was evaluated by Ward and Starr (1993).   According to the US EPA estimates derived from animal studies (based on US EPA’s potency estimates from their 1983 assessment), lifetime exposure to 1 μg/m3 translates into an increased cancer risk of 1 in 6,700 people (6.7 x 10-3) and into an increased risk of brain cancer of 1 in 12,000 people (1.2 x 10-4). Assuming that workers in older studies were exposed to an average level of 2 to 5 ppm acrylonitrile during their working lifetime, they determined the statistical power of the acrylonitrile epidemiological studies was high enough (>80%) to reliably detect the USEPA predicted increases of cancer due to occupational acrylonitrile exposure. However, these predicted increases were not found in any of the epidemiological studies. The authors concluded that the upper bound estimate of the acrylonitrile inhalation cancer potency as estimated by the US EPA was too high to be consistent with the human experience in occupational exposure situations.

Kirman et al. (2005) conducted an updated cancer dose-response assessment on acrylonitrile using recent information in mechanism of action, epidemiology, toxicity, and pharmacokinetics. A physiologically-based pharmacokinetic (PBPK) model was used to predict internal doses for 12 data sets for brain tumor incidence in rats and nonlinear extrapolation (a cancer reference dose) was selected for acrylonitrile. Inhalation exposures to concentrations less than 0.1 mg/m3 were calculated to be without appreciable risk of cancer in human populations, while oral doses of 0.009 mg/kg/day were not expected to pose an appreciable risk of cancer.   

IARC downgraded acrylonitrile from a category 2A to a category 2B (IARC, 1999).  This status change was based upon the lack of carcinogenic evidence from the more recent epidemiological studies.  IARC stated that the data regarding potential carcinogenicity of acrylonitrile in humans was considered to be inadequate and the earlier indications of an increased risk among workers exposed to acrylonitrile were not confirmed by the recent, more informative studies. IARC considered there to be sufficient evidence of carcinogenicity in experimental animals.

The US EPA (1991) considers acrylonitrile to be in category B1 – a probable human carcinogen, based on a statistically significant increase in the incidence of lung cancer in exposed workers and observation of tumors, generally astrocyomas in the brain, in studies in two rats strains exposed by various routes (drinking water, gavage, and inhalation).      
7.5.2.
Oral

No carcinogenic oral toxicity data on exposure of humans to acrylonitrile were found.  

7.5.3.
Ocular/Dermal

No carcinogenic dermal toxicity data on exposure of humans to acrylonitrile were found.
7.6.
Genetic Toxicity

Chromosomal damage in peripheral lymphocytes of 18 workers exposed to acrylonitrile for an average of 15.4 years was studied by Thiess and Fleig (1978).  The workers were also exposed to styrene, ethylbenzene, butadiene, and butylacrylate.  The actual acrylonitrile exposure was not reported. Air concentrations of acrylonitrile over approximately 10 years averaged 5 ppm and were reportedly representative of normal operating conditions.  During the actual conduct of the study, workplace acrylonitrile levels were about 1.5 ppm. The frequency of chromosomal aberrations in peripheral lymphocytes of the workers was not increased compared to the unexposed controls.

Borba et al. (1996) reported chromosomal aberrations and sister chromatid exchanges (SCEs) in 14 workers employed in the polymerization area and in 12 maintenance workers of an acrylic fiber plant. A control group consisted of 20 unexposed workers in administration jobs.  No acrylonitrile exposure concentration or exposure information was provided.  No difference in SCEs was detected when the exposed groups and the controls were compared. 


In experiments with human lymphocytes, Perocco et al. (1982) showed that exposure of human lymphocytes to 0.5 mM acrylonitrile (26.5 μg/mL) resulted in a significant increase in SCE.  Obe et al. (1985), however, was unable to demonstrate SCE-induction by acrylonitrile in human lymphocytes exposed for 24 hours to acrylonitrile at concentrations of 1 or 10 μg/mL in the absence of S9 and for one hour in the presence of S9 from Arochlor-induced rat liver.  


Rizzi et al. (1984) examined the incorporation of [3H]TdR into DNA in HeLa cells.  The test groups included control and acrylonitrile-treated cells without hydroxyurea (-HU), and control and cells treated with hydroxyurea (+HU). The -HU/+HU relationship between treated and control cells and the value of +HU between treated and control cells were statistically significant at acrylonitrile dose levels of 0.18 (p < 0.01) and 0.036 mM (p < 0.09).  It was concluded that acrylonitrile is mutagenic and genotoxic at very low concentrations.  Contrary to this, Martin (1985) failed to demonstrate unscheduled DNA repair in HeLa cells.


Acrylonitrile produced positive results in tests with human lymphoblasts (TK6, TK locus) both with and without metabolic activation (Crespi et al., 1985).  Tests were conducted at acrylonitrile concentrations of 5 - 50 μg/mL for three hours in the presence of S9 (from Arochlor-induced rat livers) or for 20 hours without S9.  There was a 3.5-fold increase in mutational frequency in the presence of S9 at 40 and 50 μg/mL. In the absence of S9, mutational frequency was increased 2-fold at 15 μg/mL and 1.3-fold at 20 μg/mL (compared to controls). 


Crespi et al. (1985) also conducted tests using the AHH-1 cell line (HGPRT locus).  Concentrations of acrylonitrile were 5 - 25 μg/mL for 28 hours.  Tests were conducted with metabolic activation and an expression period of 6 days.  An approximate 4.5-fold increase in mutation frequency at 25 μg/mL was detected relative to controls which was similar to the response obtained with the benzo(a)pyrene (3.1 μg/mL) positive control.  


The mutagenic potential of both acrylonitrile and its metabolite 2-CEO was examined using the TK human lymphoblast cell line (with and without S9) with heterozygous thymidine kinase (tk) locus as the marker (Recio et al.,1989). Cells were exposed for two hours with an expression period of 6-8 days. Acrylonitrile was not mutagenic in the absence of S9 (less than a 2-fold increase in mutation frequency) over a concentration range of 0.4 to 1.5 mM (21 to 80 μg/mL).  With S9, there was a statistically significant (p<0.05) 4-fold mutagenic response at the highest exposure concentration of 1.5 mM (74 μg/mL).  Survival was only 10% at a concentration of 1.5 mM.  The metabolite produced a 17-fold increase in mutation frequency without S9 at 100 μM.  The results indicated acrylonitrile to be weakly mutagenic in mammalian cells, while the mutagenic response induced by CEO suggests that it may be the primary mutagenic metabolite of acrylonitrile.  In a follow-up study (Recio et al., 1990), human TK6 lymphoblasts were treated with CEO (150 uM for 2h).  Base-pair substitution mutations and frameshift mutations were observed. 


SCE and the induction of DNA single breaks were examined using adult human bronchial epithelial cells (Chang et al., 1990).  The cultures were exposed for 20 hours to 150, 300, 500, or 600 μg/mL acrylonitrile and assessed for SCE and DNA strand breaks. Notable cytotoxicity was observed at 600 μg/mL, but not at the lower concentrations. SCEs were significantly increased (p < 0.01) at 150 and 300 μg/mL; incidence of SCE per cell was 6.6 and 10.7 respectively (3.7 in unexposed controls).  The extent of DNA single strand breaks appeared to be positively correlated with acrylonitrile concentration.


A human mammary epithelial cell (HMEC) DNA repair assay in secondary

cultures of HMEC was reported by Eldridge et al. (1992).  The cultures of normal HMEC were derived from mammoplasties of five healthy women. Although CEO was cytotoxic to HMEC, a positive UDS response was produced thereby confirming its genotoxicity. Acrylonitrile exhibited considerable cytotoxicity but no genotoxicity in the HMEC DNA repair assay.  
7.7.
Summary of Human Toxicity Data


The toxic effects following acute inhalation exposure to acrylonitrile in humans consist of irritation of the respiratory tract and neurological effects resulting from the metabolism of acrylonitrile to cyanide. The clinical effects of acute inhalation exposure to acrylonitrile may be divided into four stages: 1) an excitatory phase characterized by lacrimation and agitation, 2) a tranquil phase in which cholinergic responses (salivation, lachrimation, urination, defecation) occur, 3) a convulsive stage characterized by clonic seizures, and 4) a terminal stage characterized by paralysis and death (Nerland et al., 1989).

Wilson et al. (1948) reported that workers in a synthetic rubber manufacturing plant exposed to acrylonitrile vapors at concentrations of 16-100 ppm for 20-45 minutes experienced headaches, nasal and ocular irritation, discomfort in the chest, and nervousness and irritability. Jakubowski et al. (1987) exposed subjects for 8 hours to 2.3 and 4.6 ppm acrylonitrile vapors and no symptoms were reported by any of the subjects. Chen et al. (1999) reported on 144 cases of acute acrylonitrile poisoing. The clinical manifestations were central nervous system symptoms such as dizziness, headaches, chest tightness, nausea, and fainting. The concentrations of acrylonitrile in 60 sporadic cases were estimated to be 18-255 ppm and over 454 ppm in 84 cases of collective poisoning.  

Occupational studies have reported that exposures of: 0.3 to 3 ppm acrylonitrile for 3 years resulted in headaches, insomnia, weakness, and irritability (Babonov et al., 1959); 5 ppm over a 10 year period resulted in headaches, fatigue, nausea, and insomnia (Sakurai and Kusumoto, 1972); 5 ppm over different time periods resulted in blepharoconjunctivitis and other symptoms (WHO IPCS, 1983); and 1.8 – 14.1 ppm for 5.6 to 8.6 years resulted in more complaints about irritation of the mucosa and respiratory tract, headaches and weakness in exposed workers compared to non-exposed workers (Kaneko and Omae, 1992). No effects were reported in a group of 23 men occupationally exposed to 1.9 to 3.3 ppm acrylonitrile for 3 to 5 years (Ginceva et al., 1977) or in workers exposed to 1 ppm acrylonitrile (Muto et al., 1992).  

Fifteen occupational epidemiology studies on the carcinogenicity of acrylonitrile and two meta-analyses of these studies have been carried out. Some of the earlier studies reported an increased risk of cancer, including lung and prostate cancer, from occupational exposure to acrylonitrile but the more recent studies have not supported this association. The meta-analyses (Rothman, 1994; Collins and Acquavella, 1998) concluded that the results of the studies did not provide adequate evidence that acrylonitrile is carcinogenic to humans at current occupational exposure levels or environmental exposure levels. IARC (1999) downgraded its classification of acrylonitrile from category 2A (probably carcinogenic to humans) to category 2B (possibly carcinogenic to humans) based on inadequate evidence in humans but adequate evidence in experimental animals.  The US EPA (1991) considers acrylonitrile to be in category B1 – a probable human carcinogen, based on a statistically significant increase in lung cancer in exposed workers and tumors in studies in which rats were exposed by drinking water, gavage, and inhalation. 
8.
Animal Toxicity Data
8.1. Acute Toxicity (24 hours)
8.1.1.
Inhalation
Monkey


Rhesus monkeys (4.2-4.8 kg) were exposed to 65 ppm acrylonitrile (2 males and 2 females) or to 90 ppm (2 females) for 4 hours (Dudley and Neal, 1942).  The acrylonitrile test atmosphere was generated by bubbling air through acrylonitrile (purity determined through repeated fractional distillations free of cyanide and with a boiling point of 76-77ºC) and mixing this acrylonitrile-saturated air stream with a main air stream.  Air flow through the exposure chamber was 260 L/min (±2%).  The concentration of acrylonitrile was varied by adjusting the volume of air passing through the bubbler.  The concentration of acrylonitrile in the chamber was determined by the change in weight of the acrylonitrile in the bubbler, air flows and start/stop times.  Even at the highest exposure (90 ppm), the rhesus monkeys (all individuals in this exposure group) exhibited only slight redness of the face and genitals and a slight weakness during the test. At 65 ppm, a slight initial stimulation of respiration was the only effect observed.     These effects resolved within 12 hours post exposure.
Dog


In their assessment of acrylonitrile lethality in multiple species, Dudley and Neal (1942) also exposed groups of 2-4 male and female dogs (5.5-12.0 kg; strain not specified) to various acrylonitrile concentrations for 4 hours (Table 3).  The investigators found dogs to be more sensitive to inhaled acrylonitrile; exposures producing only minor effects in other species caused coma and death in the dogs.


In a preliminary investigation into the toxicity of acrylonitrile (Haskell Laboratory, 1942), exposure of 3 dogs (strain, gender, age, weight not specified) for 6 hours to 25 ppm acrylonitrile caused a rise in body temperature of at least 2ºF.  Exposure to 50 ppm resulted in a drop in body temperature of as much as 1.6ºF.   Three dogs were exposed for 1.75 hours to 225 ppm acrylonitrile.  Two of three dogs exhibited an initial marked increase in pulse rate followed by a decrease.  Blood pressure increased in 2 of 3 dogs and decreased in a third dog.  Overt signs of exposure included ocular and nasal irritation, vomiting, incoordination, and noisy respiration.  All dogs recovered within 24 hours.

Guinea pig


Results of 4-hour exposure experiments with guinea pigs (8-16 per group; average weight = 695 g) are shown in Table 4 (Dudley and Neal, 1942).  Neither redness of the skin or eyes nor marked impairment of respiration was observed in guinea pigs as in other species.  Exposure to acrylonitrile did cause watering of the eyes, nasal discharge, and coughing.  As exposure increased, coughing was accompanied by moist breath sounds.  Exposures that were lethal in dogs had very little effect on guinea pigs.  Delayed death (3-6 days post exposure) was attributed to pulmonary edema.
Cat


In the study by Dudley and Neal (1942), groups of 2-4 cats (gender not specified; average weight = 3.6 kg) were exposed to acrylonitrile for 4 hours.  Exposure to 100 ppm produced only salivation and slight transient effects (redness of the skin and mucosae) while exposure to 275 ppm resulted in more severe effects (marked salivation, signs of pain) but no deaths.  At 600 ppm, 100% mortality (preceded by convulsions) occurred within 1.5 hour following exposure. 
Rabbit


In the Dudley and Neal (1942) report, groups of 2-3 albino rabbits (gender not specified; average weight = 4.5 kg) were exposed to acrylonitrile for 4 hours.  Signs of exposure were similar to those observed for rats but the rabbits appeared to be more susceptible to acrylonitrile-induced lethality.  Exposure to 100 or 135 ppm produced slight to marked transitory effects in respiratory pattern and signs of irritation.  Exposure to 260 ppm killed 1 of 2 rabbits during exposure while the second died within 4-5 hours.  Exposure to 580 ppm resulted in a similar response with the second rabbit dead within 3-4 hours. 
Rat


Dudley and Neal (1942) conducted single exposure experiments in which groups of 16 Osborne-Mendel rats (average weight = 295 g, gender not specified) were exposed for 0.5, 1, 2, 4, or 8 hours to various concentrations of acrylonitrile (Table 5).  Details regarding generation of the test atmospheres are provided above.  Responses included initial stimulation of respiration followed by rapid shallow respiration.  Above 300 ppm, rats started exhibiting signs of ocular and nasal irritation. Rats exposed to any concentration of acrylonitrile exhibited flushing (reddening) of the skin, nose, ears, and feet.  Prior to death, the rats were gasping and convulsing.  Gross pathology findings of dead rats revealed bright red lungs of abnormal consistency and dark red blood.  Rats which survived any acute exposure to acrylonitrile exhibited no residual effects.  Results of the experiments are summarized in Table 5.


In another phase of the study by Dudley and Neal (1942), rats (16/group) were exposed for 4 hours to 635, 315, 130, or 100 ppm (Table 6).  Exposure to 130 ppm resulted in slight transient effects and no lethality.   Effects were similar to those described in the preceding paragraph.   Exposure to 315 ppm resulted in 31% mortality and exposure to 635 ppm produced 100% mortality.


In a lethality study conducted at Haskell Laboratory (Du Pont & Co., 1968), groups of adult male ChR-CD rats (248-268 g) were exposed to acrylonitrile for 4 hours.  The test chamber atmosphere was analyzed at least every half hour by gas chromatography.  Test animals were observed for 14 days.  During exposure the rats exhibited irregular respiration, hyperemia, lacrimation, tremors, and convulsions.  Deaths during exposure occurred within 2-4 hours after the start of the exposure.  Deaths after exposure occurred between 7 minutes and 18 hours.  A 4-hr LC50 of 333 ppm (275-405 ppm 95% confidence interval) was reported.   Rats surviving the exposure exhibited mild to severe, dose-related weight loss the first day of observation followed by normal weight gain.


Appel et al. (1981a) provided lethality data for groups of 3 to 6 male Wistar rats exposed to acrylonitrile for 30-180 minutes with exposure concentration varying with exposure duration (Table 7).  In this study (designed to assess potential antidotes for acute acrylonitrile toxicity), acrylonitrile vapor was generated by evaporating acrylonitrile (99.5% purity) in a halothane vaporator and adjusting the acrylonitrile vapor concentration with clean filtered air.  Vapor concentration was determined by gas chromatography.  


In a rat study reported by Vernon et al. (1990), a group of 10 adult Sprague-Dawley rats (5/gender) was exposed for 1 hour to 1,080 ppm acrylonitrile.  None of the rats died. Clinical signs included rapid shallow breathing, decreased activity, nasal discharge, salivation, lacrimation and coma (in 3 of 10 animals).  The extremities of all animals were red at 37 minutes into the exposure.  All rats recovered within five minutes of exposure termination.

Rouisse et al. (1986) evaluated the nephrotoxic effects of acrylonitrile by exposing groups of 7 male Fischer-344 rats to acrylonitrile at 100 and 200 ppm for 4 hours. The volume of urine excreted was significantly increased at 200 ppm, but not at 100 ppm. Urinary levels of glucose were significantly elevated at 24 hours at 200 ppm, while significant increases in the concentration of urinary proteins were observed at 200 ppm during the 0-24 and 24-48 hour periods after the exposure. No such increases were seen at 100 ppm. Urinary excretion of γ-glutamyltranspeptidase and N-acetyl-β-D-glucosaminidase was also increased at 200 ppm.   

A GLP-OECD guideline study sponsored by the Shanghai SECCO Petrochemical Company, Ltd. examined the acute toxicity of acrylonitrile in rats (WIL Research Laboratories, 2005).  In this study, groups of 5 male and 5 female Crl:CD((SD) rats (8-12 weeks old; 242-297 g) were exposed (nose-only) for 4 hours to 539, 775, 871, 1006, or 1181 ppm acrylonitrile (99.9 % purity).  The rats were acclimated for 7 days prior to exposure and observed for 14 days after exposure.   Exposure was in a two-tiered conventional nose-only exposure system where exposure atmosphere conditions (temperature, oxygen, humidity, etc.) were monitored every 20-30 minutes.  The acrylonitrile test atmosphere was generated by passing compressed nitrogen through the test material to create a vapor which was diluted with compressed air prior to being delivered to the exposure system.  Actual acrylonitrile concentrations were determined by gas chromatography.   Mortality data are summarized in Table 8.   The report provided 4-hour LC50 values of 964 ppm (857-1085 ppm 95% c.i) for males, 920 ppm (807-1050 ppm 95% c.i) for females, and 946 ppm (866-1032 ppm 95% c.i.) combined (determined by the method of Litchfield and Wilcoxon, 1949).

Clinical observations immediately following exposure included tremors, ataxia, labored respiration, hypoactivity, decreased defecation and urination, and gasping but there was no apparent exposure concentration-effect relationship.  Vocalization upon handling was reported in rats exposed to 539 ppm for 4 hours and hyperactivity, ataxia, and decreased defecation and urination were reported in rats exposed to 775 ppm for 4 hours.  The rats in all the groups were normal within 2 days (539-ppm group), 8 days (775-ppm group), 10 days (875 ppm), or 7 days (1006 ppm) after exposure. Necropsy findings in dead rats included the presence of a distended, gas-filled jejunum in one female of the 871-ppm group, distended gas-filled stomach in three females in the 871-ppm and 1006-ppm groups, and dark red discoloration of the lungs in one male and one female in the 1181-ppm group.  No other findings were noted for rats that died. At scheduled sacrifice, the only finding was dark red discoloration of the lungs in one male of the 871-ppm group.  
8.1.2.
Oral

Acute oral LD50s for the various species have been reported as follows: mice: 28-48 mg/kg; guinea pig: 50-85 mg/kg; rat: 72-186 mg/kg, and rabbit: 93 mg/kg. Thus, the sensitivity decreases in the order, mouse, guinea pig, rabbit, and rat (EU, 2004). 

Only 7 mice survived in a study in which a single oral dose of acrylonitrile was administered to 16 mice at doses of between 23 and 78 mg/kg (Tanii et al., 1989). Appel et al. (1981a) reported that an acrylonitrile gavage dose of 150 mg/kg was lethal to male Wistar rats. 

Administration of a single gavage dose or subcutaneous doses of 20, 40, or 80 mg/kg of acrylonitrile to 3-4 male Sprague-Dawley rats/group resulted in two distinctive phases of acute neurotoxic effects (Ghanayem et al., 1991).  The early phase appeared shortly after dose administration and the signs, which were observed at all doses, included salivation, lacrimation, polyuria, and increased gastric secretions. Other signs included flushing of the face, ears, and extremities, and miosis. This phase reached its maximum approximately one hour after dosing. The delayed phase, which occurred 4 or more hours after dosing, included respiratory depression, convulsions, and cyanosis and was observed in the rats treated with 40 and 80 mg/kg acrylonitrile.  In addition, rats treated with 80 mg/kg exhibited tremors. Ahmed and Patel (1981) also reported central nervous system effects, such as salivation, lacrimation, diarrhea, and peripheral vasodilatation, 10 minutes after single gavage exposures of 93 mg/kg in rats and 27 mg/kg in mice, with depression, convulsions, and asphyxia occurring 2-3 hours after the exposures. 


Gastrointestinal effects were seen in a gavage study in rats: a single dose of 50 mg/kg in rats resulted in gastrointestinal bleeding three hours after administration of the dose (Ghanayem and Ahmed, 1983).  Farooqui and Ahmed (1983a) administered 80 mg/kg of acrylonitrile by gavage to male Sprague-Dawley rats, with reduced body weight, hematocrit, mean cell hemoglobin count, and platelet count observed.  
8.1.3.
Ocular/Dermal

Dermal LD50s range from 148 to 690 mg/kg for the rat, guinea pig, and rabbit, with the rat being the most sensitive species (EU, 2004).
8.2.
Short-Term/Subchronic Toxicity (>1 to 90 days)
8.2.1.
Inhalation

Gut et al. (1984, 1985) exposed male Wistar rats (3-4 per cage) for 8 hours/day for 5 days to 129 ppm acrylonitrile. The rats were sacrificed immediately after the last of the exposures and the lung, liver, kidney, brain, and adrenals were examined for histopathological changes. Over the 5 days of exposure, the rats exhibited diarrhea, unsteady gait, and roughened fur. Body weight was significantly decreased after 5 days of exposure while no changes were seen in absolute or relative weights of the kidneys, lungs, and adrenals. The relative weight of the liver significantly decreased but that of the brain increased, due to the body weight decreases. Significantly decreased serum concentrations of cholesterol and triglycerides were reported but the liver concentrations of phospholipids and esterified fatty acids were unchanged. No histopathological effects were noted in the lungs, liver, kidneys, or adrenals.


In Bhooma et al. (1992), 6 male Wistar rats were exposed to 100 ppm acrylonitrile, 5 hours/day for 5 days.  The lungs, together with other organs, were removed and lavaged 6 times with sterile, isotonic saline, for collection of lavage effluent. Cells were counted and viability was determined. The levels of procoagulant activity in alveolar macrophages and bronchioalveolar lavage (BAL) fluid were measured on days 1, 3, 5, 7, 14, and 28 after the acrylonitrile exposure. The alveolar macrophage activity was elevated from post exposure day 1 to day 14 and returned to normal by day 28.  Procoagulant activity in lavage fluid was unaltered for the first 5 days but elevated when assessed at days 14 and 28. The increased coagulation capability of alveolar macrophages of the lung noted in this study could be indicative of a lung-damaging effect of acrylonitrile.  

Dudley et al. (1942) exposed 16 rats and 3 rabbits to an average concentration of 100 ppm acrylonitrile and 4 rhesus monkeys, 4 cats, and 2 dogs to an average concentration of 56 ppm acrylonitrile, for 4 hours per day, 5 days/week for 8 weeks. All four monkeys survived and showed no evidence of toxicity during the exposure period.  In the rats, slight lethargy during exposure was the only adverse effectp.  During the test period, 3 of the 7 females gave birth and raised normal litters. The rabbits survived for the full exposure duration, but were drowsy and listless during exposure and did not gain weight.  No additional effects were observed. The cats occasionally vomited, were lethargic, and lost weight. One cat developed a transitory weakness of the hind legs after the 3rd exposure and died after the 11th exposure.  The remaining three cats survived the entire exposure period with minimal effects.  In the dogs, after the first four hour exposure, one dog died with convulsions while the second dog developed a transient paralysis of the hind legs after the 5th, 13th and 14th exposure. Subsequent exposures were well tolerated.
8.2.2.
Oral

In an investigation of the hepatotoxic effects of acrylonitrile, Silver et al. (1982) exposed male and female Sprague-Dawley rats to 50, 75, 100, or 150 mg/kg of acrylonitrile by gavage once a day for 1, 2, or 3 days or to 100 or 500 ppm in drinking water for 21 days. The rats were sacrificed 30 minutes or 24 hours after the gavage doses or on day 22 in the drinking water study. Death following convulsions occurred between 4 and 6 hours after administration of 100 or 150 mg/kg in female rats and 150 mg/kg in male rats. No histopathological effects were observed in the liver. The only effect noted in the drinking water study was a slight elevation in sorbital dehydrogenase activity in rats exposed to 500 ppm, with no effects observed on relative liver weight or on the hepatocytes. 


Working et al. (1987) administered acrylonitrile via gavage to groups of 10 male and female Fischer 344 rats at 45, 60, 68, 75, and 90 mg/kg/day for 5 days. All rats dosed at 60 mg/kg/day survived the entire 42-day observation period, while 4 rats died at 68 mg/kg/day and 3 rats died at both 75 and 90 mg/kg, during or immediately after the 5 days of exposure. Significant decreases in body weight were reported at 60 mg/kg/day by day 5 of the exposure period and returned to normal by week 5 post-exposure.    


In a study investigating the possible immunotoxicity of acrylonitrile, Hamada et al. (1998) administered acrylonitrile by gavage at 2.7 mg/kg/day to CD-1 mice daily for 5, 10, and 15 days. A significant decrease in the number of cells capable of producing IgA in different intestinal compartments (duodenum, jejunum, and ileum) was reported.  


Szabo et al. (1984) carried out four studies investigating the effect of acrylonitrile on the gastrointestinal tract and adrenals. In the first study, 3-5 adult female Sprague-Dawley rats/group were exposed to 0, 100, 500, or 2,000 ppm (equivalent to 20, 60, and 100 mg/kg) acrylonitrile in drinking water for 3 weeks. Another group of rats was administered 100 mg/kg of acrylonitrile by gavage two times a day. Water and food intake were monitored continuously, while body weight was recorded every 4th day. At the end of the 3rd week, the animals were sacrificed and the stomach, duodenum, liver, kidney, lung, heart, ovary, and adrenal and thyroid glands were examined for histopathological changes. Two out of 18 rats died in the 2,000 ppm group (one on the 14th and the other on the 18th day of the experiment), both from severe bilateral adrenal hemorrhage and necrosis. The final body weight was markedly decreased in the rats at 2,000 ppm, which the authors stated was probably due to the taste of the water which may have led to decreased food intake. Gavage administration at 100 mg/kg resulted in a slight, but statistically significant, decrease in the final body weight.  Adrenal weights were decreased in the rats receiving 500 and 2,000 ppm and histological examination of the adrenals revealed atrophy in the adrenal cortex.

In the second study, rats were given 0, 1, 20, 100, or 500 ppm (equivalent to 0, 0.2, 4.0, 20, and 60 mg/kg) acrylonitrile in the drinking water for 7, 21, or 60 days and additional rats were administered acrylonitrile at equivalent doses by gavage for the same time periods. The same organs were examined as in study 1.  Final body weight was decreased at 100 and 500 ppm and a significant increase in adrenal weight was seen at all doses after 60 days of exposure (but not at 7 or 21 days) in the rats exposed to acrylonitrile in the drinking water and by gavage. The liver weight increased at 21 days and decreased at 60 days, at all doses except 500 ppm. The kidneys were enlarged at 100 and 500 ppm after 60 days and at 500 ppm after 21 days. The gastric mucosa showed regional hyperplasia at 100 and 500 ppm at 21 and 60 days. Plasma levels of corticosterone showed a significant decrease in rats given acrylonitrile by gavage at 0.2 and 20 mg/kg after 7 days, at 500 ppm in drinking water, and at all doses by gavage after 21 days, and at 100 and 500 ppm in drinking water and at all doses by gavage after 60 days.     

The third study consisted of exposing weanling and adult rats to water containing 0, 20, 100, or 500 ppm (equivalent to 0, 4, 20, and 60 mg/kg) acrylonitrile for 21 days. Another group of rats was administered equivalent doses by gavage twice a day. The animals were sacrificed and the plasma and adrenals were examined. The results suggested a possible age-dependency in the susceptibility of rats to acrylonitrile. Young rats had lower levels of plasma corticosterone and aldosterone than adult rats, with these results reaching statistical significance at 500 ppm in drinking water. The last study exposed young female rats to drinking water containing 0, 100, or 500 ppm acrylonitrile (equivalent to 0, 20, and 60 mg/kg) and one week later, one control and two treated groups were adrenalectomised. Three weeks later the animals were sacrificed and the adrenals examined. A decrease in adrenal weights was observed after 3 weeks at 500 ppm.  In summary, treatment-related effects seen in these studies included decreased adrenal weights, atrophy in the adrenal cortex, enlarged kidneys, a decrease in plasma levels of corticosterone, and regional hyperplasia in the gastric mucosa at 100 and 500 ppm (equivalent to 20 and 60 mg/kg), with 20 ppm (equivalent to 4 mg/kg/day) representing the NOAEL.  

Ghanayem et al. (1997) administered acrylonitrile daily by gavage to male Fisher 344 rats for 6 weeks at 0.43 and 0.22 mmol/kg. Acrylonitrile induced a dose-dependent increase in epithelial cell proliferation in the forestomach and an increase in the thickness of the forestomach squamous mucosa. Treatment-related effects were seen in adult Sprague-Dawley rats receiving acrylonitrile in drinking water at doses up to 42 mg/kg/day for 90 days (Humiston and Frauson, 1975). Reduced water consumption and increased relative liver weight were seen at dose levels above 10 mg/kg/day, while growth retardation occurred at levels of 22 mg/kg/day and higher in female rats and at 42 mg/kg/day in male rats. Barnes (1970) administered 15 daily oral gavage doses of 30 mg/kg/day to groups of 6 rats, followed by 7 doses of 50 mg/kg/day and then 13 doses of 75 mg/kg/day for 7 weeks. No effects on body weight or on the central nervous system were observed. 
8.2.3.
Ocular/Dermal

No dermal toxicity data on subchronic exposure of animals to acrylonitrile were found. 

8.3.
Chronic Toxicity (>90 days)
8.3.1.
Inhalation

Sprague-Dawley rats (100/sex/concentration) were exposed 6 hours/day, 5 days/week for 2 years to concentrations of 0, 20 or 80 ppm acrylonitrile (duration-adjusted concentrations of 7.7 and 31 mg/m3) (Quast et al., 1980a). The control group was exposed only to air. Additional animals were included for interim sacrifices at 6 months (n=7/sex/dose) and 12 months (n=13/sex/dose). The parameters evaluated included clinical observations, body weight, hematology, clinical chemistry, urinalysis, organ weights, gross pathology, and microscopic examination of an extensive number of tissues. 


A significant decrease in mean body weight was observed in the male rats exposed to 80 ppm and in the female rats exposed to 20 and 80 ppm after the 1st month of the study, with subsequent changes in the relative organ to body weight values of the brain, heart, and testes. A treatment-related effect on mean body weight was not observed in the 20 ppm males. 


In the rats exposed for 2 years, a statistically significant increase in mortality (p<0.05) was observed at 211-240 days in male rats and at 361-390 days in female rats administered 80 ppm and in the 20 ppm females during the last 10 weeks (661-690 days) of the study. One male rat died within the first 30 days at 20 ppm and an additional male rat died within the first 90 days at 80 ppm. By the end of 6 months, a total of 3 male rats died at 20 ppm and 2 male rats died at 80 ppm. No female rats died in the first 6 months of the study. The apparent increase in reported mortality for the 20 ppm females at the end of the study was principally due to early sacrifice of rats with large, benign, mammary gland tumors (Quast, 1991). In Sprague-Dawley rats, these tumors occur spontaneously at a high rate, but in this experiment the tumors were observed earlier and more frequently, and became larger in exposed animals. In the rats sacrificed at 6 and 12 months, no increase in mortality was reported.

Exposure to acrylonitrile resulted in minimal irritative effects in the nasal turbinates in both male and female rats at 80 ppm and in some of the rats at 20 ppm, at both 6 and 12 months. At the 6- and 12- month interim pathology evaluations, a grading system was used to demonstrate the concentration-related effect in the nasal turbinates. In general, the changes were confined to the respiratory epithelium, were considered minimal in degree, and reflected the known irritant effects of acrylonitrile. The changes in both exposure groups were qualitatively similar but were much less severe in the 20 ppm group than in the 80 ppm group.


A concentration-related increase in water consumption was reported in both males and females. Urine specific gravity, which was repeatedly evaluated during this time interval, was decreased in male and female rats exposed to 80 ppm and in female rats exposed to 20 ppm at 6 months, but not at 12 months. The authors noted increased pathologic changes to the heart and lungs of male rats of both groups, but indicated that they were identical to effects in the control rats that are usually associated with chronic renal disease. Microscopic analysis of the kidneys indicated a slight, nonstatistically significant increase in the incidence of spontaneously occurring advanced chronic renal disease. However, this slight increase could have been due to increased demand on the kidneys resulting from the increased water consumption seen earlier in the study. 


Occasional significant deviation of the packed cell volume (PCV), and in the RBC, hemoglobin, and WBC counts were noted. However, the authors interpreted them as secondary changes associated with decreased growth, tumor formation, and hemorrhaging resulting from exposure to acrylonitrile. Urinalysis, hematology, and clinical chemistry were monitored. No other microscopic findings attributed to acrylonitrile exposure were observed. No adverse effects were observed on the bone marrow or liver function in rats in either sex exposed to 80 ppm. 


Based on gross and histopathologic evaluation of tissues from over 40 different organs, the two tissues which exhibited a treatment-related adverse effect due to acrylonitrile exposure were the nasal respiratory epithelium (4 transverse sections of the nasal turbinates were cut and examined) and the brain (9 sections through the CNS were cut and examined). Gross pathologic observations revealed significantly increased lung changes suggestive of pneumonia in 20 ppm male rats. Acute suppurative pneumonia was observed in the lungs of 10 male rats in the 80 ppm group between 7 and 12 months; it was occasionally observed in a single rat from the 20 ppm group. There were no indications of pneumonia in female rats of either exposure group. These changes are presumed to have been secondary effects related to the stress associated with the exposure. 


A significant increase (p<0.05) in focal gliosis and perivascular cuffing was observed in the brains of high-concentration males (1/100 controls; 7/100 exposed) and females (0/100 controls; 8/100 exposed), but not in low- concentration rats. The incidence of glial cell tumors (astrocytomas) was significantly increased in the 80 ppm group over controls for both males (15/99 vs. 0/100 in controls) and females (16/100 vs. 0/100 in controls). The incidence of proliferative glial cell lesions suggestive of early tumors was significantly increased in the 80 ppm males (7/100 vs. 0/100 in controls), but not in the females at any level (4/100 at 80 ppm; 4/100 at 20 ppm; 0/100 in controls). Collectively, proliferative changes in the glial cells (i.e., tumors and early proliferation suggestive of tumors), were significantly increased in the 20 ppm (8/100) and 80 ppm (20/100) females over female controls (0/100), and in the 80 ppm males (22/99), but not in the 20 ppm males (4/99) when compared with male controls (0/100). 


After 2 years, there were significant degenerative and inflammatory changes (p<0.05) in the respiratory epithelium of the nasal turbinates at both exposure concentrations (20 and 80 ppm), interpreted to be treatment-related irritation of the nasal mucosa.  A grading system, such as was used for the 6 and 12 month part of the study, was not used in the 2-year study, as it was considered that incidence data maximized the observed effect in each exposure group.  Effects on the nasal turbinate mucosa were first observed at month 19 in the 80 ppm group, with similar, though less frequent effects being observed at terminal sacrifice in the 20 ppm group.  In the male 20 ppm group, there was a slight but not statistically significant increase in the incidence of respiratory epithelium hyperplasia in the nasal turbinates (0/11 in controls; 4/12 at 20 ppm; 10/10 at 80 ppm) and a statistically significant increase in hyperplasia of the mucous secreting cells (0/11; 7/12; 8/10).  In the 20 ppm females there was a slight but not statistically significant increase in focal inflammation in the nasal turbinates (2/11; 6/10; 7/10) and a statistically significant increase in flattening of the respiratory epithelium of the nasal turbinates (1/11; 7/10; 8/10).  In the 80 ppm group, effects were more severe and were characterized by suppurative rhinitis, hyperplasia, focal erosions, and squamous metaplasia of the respiratory epithelium.  See Table 9 for a summary of the dose-response data for these effects. No treatment-related effects in the olfactory epithelium, trachea, or lower respiratory system were observed in either males or females at either concentration.  In this study, the US EPA selected 20 ppm (43 mg/m3) as a LOAEL for pathological alterations in the respiratory epithelium of the extrathoracic region of the respiratory system and used this LOAEL in the derivation of the Reference Concentration (RfC) for acrylonitrile.



Gagnaire et al. (1998) exposed male Sprague-Dawley rats to 0, 25, 50, or 100 ppm acrylonitrile 6 hours/day, five days/week for 24 weeks.  Exposures were conducted in 200 liter stainless steel inhalation chambers with adjustable airflow.  Chemical concentrations were continuously monitored by gas liquid chromatography.  Mean body weight was significantly below controls in the high dose group in weeks 4, 8, 16, and 21-24.  After 1 or 2 weeks of exposure, the animals exposed to 50 and 100 ppm had wet hair and hypersalivation during the exposures.  After 24 weeks, the rats exhibited time and concentration dependent decreases in motor and sensory conduction velocities and amplitudes of sensory action potential.  These changes were only partially reversible after an 8-week recovery period.  A LOAEL of 100 ppm for effects on body weight and changes in nerve conduction velocity and action potential can be identified from this study.  See Table 10 for a summary of the dose-response data for the four measures of peripheral nerve function. 

Sprague-Dawley rats (30/sex/concentration) were exposed to 0, 5, 10, 20 or 40 ppm, 4 hours/day, 5 days/week for 52 weeks (duration-adjusted concentrations of 0, 1.3, 2.6, 5.2, and 10.4 mg/m3, respectively) (Maltoni et al., 1977; Maltoni et al., 1988) and at 60 ppm, 4-7 hours/day, 5 days/week for 104 weeks (Maltoni et al., 1988). Although histopathologic examinations were performed on various organ systems including the lungs, brain, kidney, and liver, no non-neoplastic effects were reported. No mortality data were reported. 
8.3.2.
Oral

Four male and 4 female beagle dogs were exposed to acrylonitrile in the drinking water at concentrations of 100, 200, or 300 mg/L for 180 days (Quast et al., 1975). Five dogs died in each of the two highest dose groups and signs of toxicity included vomiting, lethargy, weakness, emaciation, and respiratory distress. Decreased red cell counts, hematocrit and hemoglobin content were seen in the dogs that died and focal erosions and ulcerations in the esophagus were also noted in some dogs. The authors considered these lesions to be due to irritation of the mucous membranes.


Gagnaire et al. (1998) exposed male Sprague-Dawley rats to 12.5, 25, or 50 mg/kg of acrylonitrile via olive oil gavage once per day, five days/week for 12 weeks to assess its neurotoxic effects as determined by changes in motor and sensory conduction velocity and amplitude of sensory and motor action in the tail nerves. Mean body weights were below controls in the mid and high dose groups and rats developed behavioral sensitization to the subsequent administration of acrylonitrile. One week after onset of treatment, the rats developed salivation, locomotor hyperactivity, and moderately intense sterotypies associated with fur wetting.  These effects started shortly after dosing, were dose-dependent, lasted two to three hours, and became more pronounced as treatment continued. High dose animals developed hindlimb weakness associated with decreases in sensory conduction velocity and amplitude of sensory action potential and could not rear from the 9th week on, but the weakness abated during the recovery period.  A NOAEL and LOAEL of 25 and 50 mg/kg/day, respectively, can be identified from this study for hindlimb weakness and changes in peripheral nerve conduction velocity and action potential. See Table 11 for dose-response data for the four measures of peripheral nerve function. 

Serota et al. (1996) exposed B6C3F1 mice to doses of 1.2, 2.4, 4.8, 9.6, or 12.0 mg/kg/d of acrylonitrile by oral gavage for 90 days.  A vehicle control, which received only distilled water, was run concurrently. All animals survived the treatment and no treatment-related effects on clinical observations, body weight, clinical pathology, sperm morphology and vaginal cytology, gross or microscopic pathology, or organ weights were observed. The NOAEL for this study was 12.0 mg/kg/day in mice. 


Male and female B6C3F1 mice (10 sex/group) received acrylonitrile in deionized water by gavage, 5 days/week at 0, 5, 10, 20, 40, or 60 mg/kg/day for 14 weeks (NTP, 2001). All males and 9/10 females in the 60 mg/kg/day group died on the first day of treatment, as did 3/10 females in the 40 mg/kg/day group. Clinical findings included lethargy and abnormal breathing  at 40 mg/kg/day, and the incidences of chronic active inflammation and hyperplasia of the forestomach were significantly increased in 40 mg/kg/day females. Leukocyte and lymphocyte counts were decreased in 20 mg/kg/day males and 40 mg/kg/day females and a minimal hemolytic anemia was observed in 40 mg/kg/day females. The mean body weight gain of the 20 mg/kg/day males was less than in the controls and in the 20 mg/kg/day females. Heart weight of 20 mg/kg males was significantly greater than that of the controls, and left cauda epididymis weights of 10 and 20 mg/kg males were significantly increased.   

Maltoni et al. (1977) administered acrylonitrile by gavage in olive oil at a single daily dose of 5 mg/kg, 3 times weekly for 52 weeks to 40 male and 40 female adult Sprague-Dawley rats. No effects were seen on survival or body weight, and no treatment-related histological changes were observed in the liver, kidney, and lung. 


Biodynamics (1980a) administered groups of 100 male and 100 female Fisher 344 rats acrylonitrile in the drinking water at doses of 0, 1, 3, 10, 30, or 100 ppm (equivalent to 0.08, 0.25, 0.84, 2.49, and 8.36 mg/kg in males and 0.12, 0.36, 1.25, 3.65, and 10.89 mg/kg in females) for 2 years. The control group consisted of 200 male and 200 female animals. Interim necropsies were performed at 6, 12, and 18 months. All females were sacrificed at 23 months due to low survival; the males continued on the study until the 26th month. An increase in mortality was seen in both males and females at 100 ppm, in males at 10 ppm, and in females at 3 and 30 ppm. Most of the deaths occurred between 18 months and the end of the study, with few deaths in the first year. Elevations in mean relative liver and kidney weights were noted in both male and female rats at 100 ppm at most necropsy intervals, and small but consistent reductions in hemoglobin, hematocrit, and erythrocyte counts were noted for female rats at 100 ppm throughout the study. Alkaline phosphatase activity was slightly elevated in females at 100 ppm from 12 months through the end of the study, while alkaline phosphatase activity for males was elevated at 18 months and at the end of the study. Slight elevations in alkaline phosphatase activity were also noted for the females at 10 and 300 ppm at the end of the study. Slight elevations in urine specific gravity were noted for the males at 100 ppm at 18 months and at the end of the study.  An increased incidence of neoplastic lesions was noted at all dose levels (see Section 8.5.2). A NOAEL of 3 ppm (equivalent to 0.25 and 0.36 mg/kg in male and female rats, respectively) is suggested from this study. 


In a second Biodynamics study (Biodynamics, 1980b), 100 Sprague-Dawley rats/sex were administered acrylonitrile at doses of 0, 1, or 100 ppm (equivalent to 0.093 and 7.98 mg/kg/day for male rats and 0.146 and 10.69 mg/kg/day for female rats) for 19 to 22 months. Interim necropsies were performed at 6, 12, and 18 months. An increased number of deaths among the high dose animals, males during month 22 and females during month 19, prompted the early end of the study. High dose animals had significant reductions in body weight and small, sometimes significant reductions in hemoglobin, hematocrit, and erythrocyte counts. Slight elevations of alkaline phosphatase activity were noted for the 100 ppm females from 12 months to the end of the study. The mean absolute and relative kidney weights of the 100 ppm females were elevated at all sacrifice intervals and the mean relative wight of the liver was elevated in 100 ppm males at 6 and 18 months and females at the end of the study. Mean testicular weights for the 100 ppm males were also elevated at the 12 month, 18 month, and terminal sacrifices. No non-neoplastic effects were noted at 1 ppm, suggesting a NOAEL of 1 ppm in water. 


In a third Biodynamics study (Biodynamics, 1980c), groups of 100 Sprague-Dawley rats were administered acrylonitrile at doses of 0, 0.1, or 10 mg/kg/day by de-ionized water gavage for 5 days/week. Interim necropsies were performed at 6, 12, and 18 months. All surviving animals were sacrificed during month 20. High dose animals had significant reductions in body weight and increases in absolute liver and kidney weights at all necropsy intervals. Males at 0.1 mg/kg/day had elevated mean relative liver and kidney weights at 18 months only. Males at 10 mg/kg/day exhibited elevated mean relative heart weights at most necropsy intervals, while females had elevated heart weights at 6 months only. Marked elevations of mean absolute and relative adrenal weights were noted in the 10 mg/kg/day males at the end of the study.  Slight reductions in hemoglobin, hematocrit, and erythrocyte counts were noted in the 10 mg/kg/day males and females from 12 and 18 months through the end of the study. Alkaline phosphatase activity and blood urea nitrogen were slightly elevated in the 10 mg/kg/day males at 18 months and at the end of the study. No non-neoplastic effects were noted at 0.1 mg/kg/day, suggesting a NOAEL of 0.1 mg/kg/day.  


In a 2-year drinking water study, Quast et al. (1980b) exposed male and female Sprague-Dawley rats (48 rats/sex and 80 controls/sex) to nominal concentrations of acrylonitrile in the drinking water at dose levels of 0, 35, 85, or 210 ppm for the first 21 days and to levels of 0, 35, 100, or 300 ppm for the duration of the study (with equivalent mean doses estimated to be 3.4, 8.5, and 21.2 mg/kg and 4.4, 10.8, and 25.0 mg/kg in male and female rats, respectively). Increased early mortality was directly correlated with increasing concentrations of acrylonitrile in drinking water, with the first death occurring during the 4th month of the study, and by the end of the first year, 33 deaths were reported (14 males, 19 females). The increasing early mortality rate was directly correlated with increasing concentrations of acrylonitrile in the drinking water. By the end of the study, 207 males and 198 females were dead.  Dose-related decreases in food and water consumption and reduced body weight gain were noted in all treatment groups, with females more severely affected than males. There was no evidence of adverse hematologic effects, and no effects were reported on liver or kidney function. Clinical observations revealed that acrylonitrile-treated animals had an earlier onset of tumors (see Section 8.5.2). 

Gallagher et al. (1988) administered 80 male Sprague-Dawley rats 0, 20, 100, or 500 ppm acrylonitrile in the drinking water for 2 years. Animals at 500 ppm acrylonitrile had a high level of mortality, with 50% of the rats dead by month 16 of the study and none surviving up to the 2-year point. No statistically significant differences in food or water intake were observed and no non-neoplastic histopathological changes were noted in the liver, stomach, kidney, heart, pituitary, or lung.   

A 2-year drinking water study investigated the neurological effects of acrylonitrile (Bigner et al., 1986). Six hundred Fischer 344 rats were exposed to 100 or 500 ppm acrylonitrile with different groups of rats studied for tumor exploration, comparative survival, and clinical symptoms. The incidence of neurological effects, including paralysis, head tilt, circling, and seizures was closely related to the dose of acrylonitrile, with 20/300 and 16/100 animals exposed to 500 ppm affected (there were two groups exposed to 500 ppm), compared to 4/100 in the 100 ppm dose group and 0/100 in the controls. The effects were observed after 12-18 months of exposure to acrylonitrile.
8.3.3.
Ocular/Dermal

No dermal toxicity data on chronic exposure of animals to acrylonitrile were found.
8.4.
Reproductive/Developmental Toxicity
8.4.1.
Inhalation

In a developmental toxicity study conducted by Murray et al. (1978), groups of 30 pregnant Sprague-Dawley rats were exposed to 0, 40, or 80 ppm acrylonitrile (>99 purity) 6 hrs/day on gestation days 6 through 15.  The exposure levels were selected based upon the TLV (20 ppm) and preliminary results of a long-term inhalation toxicity study.  Clinical signs (daily), maternal body weight and feed consumption were monitored and gross necropsies were performed.  Standard developmental parameters were assessed.  Gender and body weight, external abnormalities and skeletal and soft-tissue anomalies of fetuses were evaluated.  


Results of the Murray et al. (1978) study are summarized in Tables 12, 13, and 14. No treatment-related signs of toxicity were observed during the exposure period.  Mean body weight and maternal body weight gain were significantly decreased during treatment in both dose groups.  Relative to controls, food consumption was decreased during gestation days 15-17 but increased on days 18-20.   Maternal liver weight was unaffected by acrylonitrile exposure.  Pregnancy incidence, mean litter size, incidence of resorptions and average fetal body measurements were unaffected by exposure to acrylonitrile.  A significantly (p<0.06) increased incidence of total malformations was detected for litters from the 80 ppm group; specific malformations included short tail, short trunk, missing ribs, delayed ossification of skull bones, omphalocele and hemivertebrae.  Although the incidence of malformations was not statistically increased compared to the control group, these high-dose effects were considered to be exposure-related.  The investigators concluded that the data suggested a teratogenic effect of acrylonitrile at 80 ppm but that there was no evidence of teratogenicity or embryotoxicity in rats exposed to 40 ppm.


In a comparative study of the relative reproductive/developmental toxicity of aliphatic mononitriles, Saillenfait et al. (1993a) exposed groups of 20-23 pregnant Sprague-Dawley rats to 0, 12, 25, 50 or 100 ppm acrylonitrile (>99% purity) by inhalation for 6 hrs/day on gestation days 6 through 20, and euthanized on day 21.  Clinical signs of toxicity, maternal body weight, and feed consumption were monitored, and gross necropsies were performed.  Fetal examinations included gender ratio and body weight, external abnormalities and skeletal and soft-tissue anomalies.  


There were no maternal deaths, but a concentration-dependent decreased absolute body weight gain was observed (significant at p<0.01 in three highest dose groups; 25.1g, 16.1 g, -0.1 g, -7.8 g, and -24.3 g, respectively for the 0, 12, 25, 50, and 100 ppm groups).  There was no adverse effect on pregnancy rate, average number of implantations or number of live fetuses, incidences of non-surviving implants and resorptions, or fetal sex ratio (Table 15).   A statistically significant (p<0.01 to 0.005; see Table 15) exposure-related reduction in fetal weight was observed at 25 ppm and higher concentrations. Evaluation of external, visceral and skeletal variations in the fetuses revealed no acrylonitrile-related effects. The NOAEL for maternal and developmental toxicity was 12 ppm. The LOAEL was 25 ppm based on decreased fetal body weight gain. 
8.4.2. Oral

Beliles et al. (1980) carried out a three-generation reproduction study in rats with administration of acrylonitrile in the drinking water at nominal levels of 0, 100, or 500 ppm (approximately 8.5 and 35 mg/kg/day). Groups of 15 male and 30 female rats (post-weanling) in the F0 parental generation were administered acrylonitrile for 100 days before mating. At the end of the 100-day dosing period, 20 females and 10 males were paired for mating over a 6-day period, and any females not bred at the end of the 6 days were mated to another male. Exposure to acrylonitrile continued throughout the mating periods and the subsequent gestation and lactation phases in females. F1 offspring were examined on days 0, 4, and 21 of lactation. The female F0 rats were remated to produce the F1b offspring, the previously unmated F0 females also being mated at the time in order to insure sufficient numbers of offspring to be mated for the F2 generation. F2 breeders were administered acrylonitrile in the drinking water for 100 days and then mated with production of an F2a and an F2b litter, as described for the F0 generation. F3 breeders were selected from the F2b litters, with additional animals being used from surviving litters in order to achieve required breeding numbers. Following production of the F3a and F3b litters, 10 weanlings of each sex in the control and 500 ppm dose groups were selected for histopathological examination.


Acrylonitrile at 500 ppm caused reduced body weight gain in the F0 parent generation and evidence of possible neurotoxic effects, as shown by abnormal gait, was also reported for some rats in the F0 and F1 generations. No effect of acrylonitrile on male or female fertility in the F1, F2, or F3 generations, as assessed by the male or female Fertility Index was noted. There was no indication of an embryotoxic effect, with the Gestation Index being similar across all groups and numbers of live pups per litter also being reasonably consistent across dose groups. The Viability Index was statistically significantly reduced in the 500 ppm litters (F1a, F1b, and F3b generations) and there also was a trend towards reduced viability at 100 ppm, statistically significant in the F1b generation. Body weight of pups at 500 ppm in all 3 generations at 21 days was also reduced. Female rats held 20 weeks after weaning of the second litter showed an increase in astrocytomas and zymbal gland tumors (see Section 8.5.2). 

In a three generation reproductive study (Friedman and Beliles, 2002), groups of 15 male and 30 female Sprague-Dawley rats were exposed to acrylonitrile in drinking water at 100 or 500 ppm (corresponding to 0, 11, and 37 mg/kg/day for males and 0, 20, and 40 mg/kg/day for females) and 10 male and 20 female rats served as controls. After 100 days, the rats were paired for mating for 6 days, producing two groups of offspring - F1a and F1b. At 100 days of age, the rats from the F1 groups were mated producing the F2a and F2b groups, and then subsequent mating of the F2a groups produced F3a and F3b offspring.  Acrylonitrile reduced body weight gain and food and water consumption of the first generation parental rats at 100 and 500 ppm. Pup survival was also reduced at 500 ppm in F1, F2 and F3 offspring. No change was noted in the reproductive capacity in any of the matings at 100 or 500 ppm. The viability ratio and lactation ratio were decreased at 500 ppm in the F1 offspring. No adverse effects were observed in the tissues of the third generation weanlings upon gross and microscopic evaluation. The authors concluded that no substantial deficits in reproductive behavior were observed in this study.

Murray et al. (1978) administered acrylonitrile at doses of 0, 10, 25, and 65 mg/kg/day by gavage to groups of 29-39 mated Sprague-Dawley rats on days 6-15 of gestation. The animals were sacrificed on day 21 and the numbers and positions of implantation sites, and live, dead and resorbed fetuses were recorded. The incidence of pregnancy was significantly reduced (89% pregnant at 25 mg/kg/day and 69% pregnant at 65 mg/kg/day) at 65 mg/kg/day and fetal body weight was also significantly decreased at this dose. In addition, significant increases in the incidence of fetuses with a short tail and missing vertebrae were noted at 65 mg/kg/day. At 25 mg/kg/day, a low incidence (not statistically significant) of the same malformations was seen, while no effects were seen at 10 mg/kg/day.   


Acrylonitrile was administered orally by gavage at dose levels of 11.5, 23, and 46 mg/kg over a period of 2 and 4 weeks (Abdel Naim et al., 1994; Abdel Naim, 1995). A decreased number of spermatocytes and spermatids was seen at 23 and 46 mg/kg/day and sperm count and sperm motility were significantly decreased at all dose levels. Testicular LDH-X, a marker of pachytene spermatocytes, was inhibited at dose levels of 23 and 46 mg/kg. A dose level of 11.5 mg/kg is considered a LOAEL from this study, since effects on sperm count and sperm motility were seen at this level. 


Working et al. (1987) conducted a dominanat lethal study in which acrylonitrile was administered by gavage at 60 mg/kg/day for 5 days to groups of 50 male Fisher 344 rats. One day after dosing, each male was caged with one untreated female weekly for 10 weeks. Females were removed after 6 days and replaced by a new female one day later. Females were sacrificed 13 days after the end of each mating week and examined for numbers of viable fetuses, resorptions, late fetal death, and corpora lutea. Significant reductions in body weight were seen during the exposure period, however no effects on male fertility were noted and there was no increase in either pre- or post implantation loss in the females mated with treated males indicative of a dominant lethal effect. 


In a study in CD-1 mice, testicular damage and a decrease in the sperm counts of epididymal spermatozoa were seen after administration of acrylonitrile at 10 mg/kg/day by gavage for 60 days (Tandon et al., 1988). The testicular damage consisted of tubular atrophy and degeneration in approximately 40% of seminiferous tubules. These changes were seen in the absence of overt signs of toxicity or any effect on body weight or testicular weight. A dose of 1 mg/kg/day did not produce any biochemical changes or histopathological evidence of damage in the testis.

As discussed in Section 8.3.2, Serota et al. (1996) exposed B6C3F1 mice to doses of 1.2, 2.4, 4.8, 9.6, or 12.0 mg/kg of acrylonitrile by oral gavage for 90 days.  This study also included a reproductive section with evaluation of testicular weight, epididymal weight, epididymal sperm density and motility, and testicular spermatid count. All reproductive parameters were unaffected by acrylonitrile toxicity, with the exception of epididymal sperm motility, which was significantly decreased at both the 1.2 and 12.0 mg/kg/d dose levels. No effect was noted at the intervening dose levels. 

Mehrotra et al. (1988) administered oral doses of 0 or 5 mg/kg/d of acrylonitrile to groups of 30 pregnant Sprague-Dawley rats from days 5-21 of gestation. No effect was noted on maternal body weight, length of gestation, numbers of litters, sex within litters, or on pup weight at parturition and post partum. No effects were noted on post-natal development of the neonates. The only effects noted were alterations in brain levels of noradrenaline, 5-hyroxytryptamine, and monoamine oxidase activity, which the authors suggested could indicate derangement in synaptic transmission which may become more prominent after prolonged exposure or exposure to higher doses.
8.4.3.
Ocular/Dermal

No dermal toxicity data on reproductive/developmental effects in animals exposed to acrylonitrile were found.
8.5
Carcinogenicity
8.5.1.
Inhalation

A 12-month cancer bioassay was conducted by Maltoni et al. (1977).  In this study, groups of 30 male and 30 female rats were exposed by inhalation to 5, 10, 20, or 40 ppm of acrylonitrile for 4 hours/day, 5 days/week. A group of rats exposed to clean air served as the control group.  The rats were observed until death.  Body weight was unaffected by the acrylonitrile exposure.  There was a statistically significant increase in the percentage of animals with benign and malignant tumors (P < 0.01) and malignant tumors alone (P < 0.01).  The total malignant tumors per 100 animals was noted for several treated groups, but lacked a definitive dose-response relationship.  Encephalic glioma incidence was increased in rats exposed to 20 ppm (3.3%; 3/60) and 40 ppm (5%; 3/60).  Although not statistically significant, this response was considered by the investigators to be of possible biological relevance because the brain was shown to be a target organ in the oral administration part of the study.  


Maltoni et al (1988) also conducted experiments in which groups of 54 breeder Sprague-Dawley female rats (Group I) were exposed to 60 ppm acrylonitrile, 4 hours/day, 5 days/week for 7 weeks followed by 7 hours/day, 5 days/week for 97 weeks.  A group of 54 untreated breeder female rats served as controls (Group II).   Following transplacental exposure in the pregnant rats, inhalation exposure of offspring continued at 4 hours/day, 7 days/week for 7 weeks followed by 7 hours/day, 5 days/ week for 97 weeks (Group Ia), or 4 hours/day, 5 days/week for 7 weeks followed by 7 hours/day, 5 days/week for 8 weeks (Group Ib).  Offspring group size was 67 males and 54 females in the former exposure protocol and 60 of each gender in the latter protocol.  The control offspring group (Group IIa) included 158 males and 149 females.  The percent of animals with malignant tumors was 37% (20/54) in Group I and 15% (9/60) in the Group II (control).  For the offspring in group Ia, the percent of animals (males + females) with malignant tumors was 54.5% (66/121) and for Group Ib 33.3% (40/120).  For control group II, the percent of animals with malignant tumors was 16.7% (10/60) and for Group IIb it was 17.9% (55/307). The authors concluded that acrylonitrile caused an increase in total malignant tumors at all dose levels; an increase in mammary gland tumors in female offspring; a dose-related increase in Zymbal gland carcinomas in treated male offspring; an increase in extrahepatic angiosarcoma in male and female offspring; an increase in hepatomas in male offspring; and the onset of encephalic gliomas.  


In the long-term inhalation study of Quast et al. (1980a) (see Secton 8.3.1 for a summary of the interim and chronic non-neoplastic effects of this study), Sprague-Dawley (Spartan substrain) rats (100/sex/concentration) were exposed by inhalation to 0, 20, or 80 ppm acrylonitrile for 6 hours/day, 5 days/week for two years.  A control group was exposed to clean air.  The groups also included animals for interim sacrifices at 6 months (7/gender/dose) and 12 months (13/gender/dose).

Alterations in the clinical observations occurred earliest and with highest frequency in the high dose (80 ppm) group.   Non-neoplastic effects for both exposure groups included concentration-related inflammation and degeneration of tissue in the nasal turbinates (mucosa suppurative rhinitis, hyperplasia, focal erosions, and squamous metaplasia of the respiratory epithelium, with hyperplasia of the mucous secreting cells).  The mortality rate was significantly increased (p < 0.05) during the first year in both male and female rats of the 80 ppm group and in females of the 20 ppm group during the last 10 weeks of the study.  The increased mortality for the 20 ppm females was the result of early sacrifice due to benign mammary gland tumors.  Although these tumors are known to occur spontaneously and at a high rate in Sprague-Dawley rats, they were observed earlier and at higher frequency in acrylonitrile-exposed animals.  Focal perivascular cuffing and gliosis was reported in the brain of male rats at 20 (2/99; p<0.05) and 80 ppm (7/99; p<0.05), and for females in the 20 ppm (2/100) and 80 ppm (8/100; p<0.05) groups.  There was an increased incidence of brain tumors (p<0.05 for both male and females at the 80 ppm exposure level compared to the controls) identified histopathologically as focal or multifocal glial cell tumors (astrocytomas).  Proliferative glial cell lesion incidence was significantly increased in the 80 ppm males only.


Deaths of rats in the Quast et al. (1980a) study were often attributable to severe ulceration of the Zymbal gland or mammary tissue tumors, and suppurative pneumonia (80 ppm group only) resulting from acrylonitrile-induced pulmonary irritation.  The frequency of Zymbal gland tumors was significantly increased (11/100; p<0.05) in both male and female animals in the 80 ppm group; in females the highest incidence occurred during the 13 to 18 month interval.  An incidence of 3/100 was observed in males exposed to 20 ppm (1/100 for controls).  No Zymbal gland tumors were seen in 20 ppm females.  Tumor type and incidence data are summarized in Table 16.

8.5.2.
Oral

As discussed in Section 8.3.2, Quast et al. (1980b) exposed male and female Sprague-Dawley rats (48 rats/sex and 80 controls/sex) to nominal concentrations of acrylonitrile in the drinking water at levels of 0, 35, 85, or 210 ppm for the first 21 days and to levels of 0, 35, 100, or 300 ppm for the duration of the study. Both male and female rats exhibited a statistically significant increased incidence of tumors of the Zymbal gland, forestomach, tongue, small intestine, mammary gland, and multifocal glial cell tumors (astrocymoma). These effects were noted first at the highest dose level (300 ppm) and then in the lower dose groups. Table 17 summarizes the tumor types and the dose levels at which they were observed.


Bigner et al. (1986) exposed 600 Fischer 344 rats to acrylonitrile in drinking water (see Section 8.3.2) to investigate the neurological and carcinogenic effects of the compound. Rats were exposed to 100 or 500 ppm acrylonitrile.  The incidences of Zymbal gland tumors, stomach and skin papillomas, and brain tumors (astrocytomas) were higher in acrylonitrile-exposed animals than in the controls. 

As discussed in Section 8.3.2, Gallagher et al. (1988) administered 0, 20, 100, or 500 ppm acrylonitrile in the drinking water for 2 years to 80 male Sprague-Dawley rats.  No tumors of the heart, brain, liver, lungs, kidneys, or adrenals were found.  The only conclusive dose-related lesions were those of the forestomach and Zymbal gland.  The incidence of pituitary tumors decreased with increasing concentrations of acrylonitrile (see Table 18).


As discussed in Section 8.3.2, Biodynamics (1980a) administered groups of 100 male and 100 female Fisher 344 rats acrylonitrile in the drinking water at doses of 1, 3, 10, 30, or 100 ppm (equivalent to 0.08, 0.25, 0.84, 2.49, and 8.36 mg/kg/d in males and 0.12, 0.36, 1.25, 3.65, or 10.89 mg/kg/d in females) for 2 years. The control group consisted of 200 male and 200 female animals. Interim necropsies were performed at 6, 12, and 18 months. An increased incidence of astrocytomas of the central nervous system, squamous cell carcinomas of the Zymbal gland, and mammary gland carcinomas in female rats were observed. The number of rats with specific tumors per dose level is summarized in Table 19.


Biodynamics (1980b) administered acrylonitrile in drinking water at levels of 0, 1, or 100 ppm to 100 Sprague-Dawley rats/sex/group. The study was continued for 19 months for females and 22 months for males. The study was terminated early (at 20 months) because of low survival rates in animals, with an increased incidence of astrocytomas of the brain and spinal cord, carcinomas and adenomas of the Zymbal gland, squamous cell carcinomas and papillomas of the forestomach at 100 ppm. In Biodynamics (1980c), groups of 100 Sprague-Dawley rats were administered acrylonitrile at doses of 0, 0.1, or 10 mg/kg/day by deionized water gavage for 5 days/week for 19 to 20 months. Dose-related central nervous system, Zymbal gland, and gastrointestinal tumors were observed in high dose rats of both sexes; mammary gland tumors were also observed in high dose females. Animals administered acrylonitrile by gavage had a much higher incidence of site-specific tumors than did animals in the drinking water study (Biodynamics, 1980b). 

Ghanayem et al. (2002) administered acrylonitrile in deionized water by gavage at 0, 2.5, 10, or 20 mg/kg/day, 5 days per week, for 2 years to B6C3F1 mice of both sexes. The incidences of forestomach squamous cell papilloma or carcinoma (combined) were significantly increased in the 10 and 20 mg/kg/day dose groups in both male and female mice and increases in the incidences of epithelial hyperplasia of the forestomach were statistically significant at 20 mg/kg/day in males and females. A significant increase in Harderian gland adenomas and carcinomas were observed at all doses in male mice and at 10 and 20 mg/kg/day in the female mice. The incidences of alveolar/bronchiolar adenoma or carcinoma (combined) were significantly increased in female mice at 10 mg/kg/day. In female mice, the incidences of benign or malignant granulosa cell tumors (combined) in the ovary were greater than in the control group and the incidences of atrophy and cysts in the ovary were significantly increased in the 10 and 20 mg/kg/day groups. 


Maltoni et al. (1977) administered acrylonitrile by gavage in olive oil at a single daily dose of 5 mg/kg/day, 3 times weekly for 52 weeks to 40 male and 40 female adult Sprague-Dawley rats (see Section 8.3.2). No increase was seen in the total number of animals with malignant tumors or in the incidence of Zymbal gland carcinomas, extrahepatic angioscarcomas, hematomas, or encephalic gliomas. The only increase in incidence of tumors was in the mammary gland and forestomach of female rats. In another gavage study, Maltoni et al. (1988) followed the same protocol as above (Maltoni et al., 1977), with no increase in any tumor types reported.  

The US EPA (1991) considers acrylonitrile to be in category B1 – a probable human carcinogen, based on a statistically significant increase in the incidence of lung cancer in exposed workers and observation of tumors, generally astrocyomas in the brain, in studies in two rat strains exposed by various routes (drinking water, gavage, and inhalation). The EPA derived an oral cancer slope factor of 0.54 per mg/kg/day (the geometric mean of 3 slope factors: 0.4 per mg/kg/day (Biodynamics, 1980a), 0.4 per mg/kg/day (Biodynamics, 1980b) and 0.99 per mg/kg/day (Quast et al., 1980a) and a drinking water unit risk of 1.5E-5 per µg/L based on the brain and spinal cord astrocyomas, Zymbal gland carcinomas, and stomach papillomas/carcinomas in rats reported in the Biodynamics, 1980a, b, and Quast et al., 1980a studies. 

IARC (1999) downgraded acrylonitrile from category 2A (probably carcinogenic to humans) to category 2B (possible carcinogenic to humans).  IARC considered there to be sufficient evidence in experimental animals for the carcinogenicity of acrylonitrile. 
8.5.3.
Ocular/Dermal

No ocular or dermal toxicity data on carcinogenic effects in animals exposed to acrylonitrile were found.

8.6.
Genetic Toxicity

The genotoxicity of acrylonitrile in animal test systems has been extensively reviewed (Sapphire Group Inc., 2004; EU, 2004).  Acrylonitrile has been shown to be weakly mutagenic in Salmonella typhimurium but metabolic activation (S9) appears to be required.  In Escherichia coli and in rodent test systems, metabolic activation is not required, but tends to enhance a weak acrylonitrile-induced response. Results from most in vivo mammalian cell assays (chromosome aberration induction in mouse and rat bone marrow micronucleus; sister chromatid exchange induction in mice; and induction of dominant lethal mutations in rat and mouse sperm) were negative. However, positive results were detected in a variety of in vitro assays although in vivo clastogenicity was not demonstrated.  In the Sapphire Group assessment, it was suggested that variability in results between in vitro and in vivo tests for acrylonitrile-induced chromosomal damage may be a function of the metabolism of acrylonitrile in intact animals versus that in cultured cells. Specifically, metabolism of 2-cyanoethylene oxide may be less efficient in animals, or there may be rapid detoxification and elimination of 2-cyanoethylene oxide, thereby limiting the interaction with DNA.  Considering the positive results for genotoxicity from in vitro studies and the generally negative results from in vivo studies, the evidence of acrylonitrile-induced genotoxicity animals is limited.

8.7.
Summary of Animal Toxicity Data

Acrylonitrile is acutely toxic to animals, causing effects on the central nervous system such as tremors, decreased activity, salivation, lacrimation, and coma, by both the oral and inhalation routes. Dogs appear to be the most sensitive species to the acute toxicity of acrylonitrile following inhalation exposure, because they have lower activity levels of the detoxifying enzyme rhodanase in the liver than other mammals. Following oral exposure, the mouse appears to be the most sensitive species.  Table 20 presents LC50 and LD50 data for various species.

In subchronic and chronic studies in animals, oral administration of acrylonitrile results in effects on the central nervous system, adrenal gland, and gastrointestinal tract. The respiratory tract is also affected following inhalation exposure. In Quast et al. (1980a), a 2-year inhalation study in rats, a LOAEL of 20 ppm for pathological alterations in the nasal turbinates of rats was used by the EPA in the derivation of the RfC for acrylonitrile. Biodynamics (1980b) reported a NOAEL of 3 ppm in drinking water after slightly elevated levels of alkaline phosphatase activity were reported in female rats at 10 and 30 ppm. Two inhalation developmental studies in rats reported NOAELs of 40 ppm based on a significant increase in malformations at higher concentrations (Murray et al., 1978) and 12 ppm based on a reduction in fetal body weights at higher concentrations (Saillenfait et al., 1993a). The results of subchronic and chronic studies by inhalation and oral exposure are summarized in Tables 21 and 22. 

Nine animal chronic carcinogenicity studies have been conducted by both the oral and inhalation routes of exposure. The results show that acrylonitrile is carcinogenic to rats with common target organs being the central nervous system (brain and spinal cord), Zymbal gland, gastrointestinal tract (tongue, non-glandular stomach and small intestine), and mammary gland, and carcinogenic to mice, causing increased incidences of tumors of the forestomach, Harderian gland, ovary, and lung. 


IARC (1999) downgraded acrylonitrile from category 2A to category 2B, based on inadequate evidence in humans but adequate evidence in experimental animals. The US EPA (1991) considers acrylonitrile to be in category B1 – a probable human carcinogen, based on a statistically significant increase in the incidence of lung cancer in exposed workers and observation of tumors, generally astrocyomas in the brain, in studies in two rat strains exposed by various routes (drinking water, gavage, and inhalation).      
9.
Recommended PAL Values and Rationales

9.1.
Oral PALs

Oral PALs are summarized in Table 23.  The derived values are graphically compared to the available data in Figure 1, an exposure-response array.

9.1.1.
24-Hour Oral PAL
9.1.1.1.
Human Data Relevant to Derivation of 24-Hour Oral PAL

Human data on acrylonitrile relevant to derivation of 24-hour oral PAL values were not found. 
9.1.1.2.
Animal Data Relevant to Derivation of 24-Hour Oral PAL

Several studies investigating the effects from acute oral administration of acrylonitrile are available. Oral LD50s have been reported for the following species: mice: 28-48 mg/kg; guinea pig: 50-85 mg/kg; rat: 72-186 mg/kg; and rabbit: 93 mg/kg. Ghanayem et al. (1991) administered a single gavage or subcutaneous dose of 20, 40, or 80 mg/kg of acrylonitrile to Sprague-Dawley rats. Early after treatment, rats exhibited severe dose-dependent toxicity characterized by salivation, lacrimation, diarrhea, and miosis. Other central nervous system effects such as depression, convulsions, and cyanosis occurred within 4-5 hours of dosing and were observed in the rats treated with 40 and 80 mg/kg of acrylonitrile. In addition, rats treated with 80 mg/kg exhibited tremors. Working et al. (1987) administered acrylonitrile via gavage to rats at 45, 60, 68, 75, or 90 mg/kg/day for 5 days. Significant decreases in body weight were reported at 60 mg/kg/day by day 5 of the exposure period and 4/10 rats died at 68 mg/kg/day, 3/10 rats died at 75 mg/kg/day, and 3/10 rats died at 90 mg/kg/day, during or immediately after the 5 days of exposure. Silver et al. (1982) administered gavage doses of 50, 75, 100, or 150 mg/kg/day of acrylonitrile for 1-3 days. Deaths following convulsions occurred between 4 and 6 hours after administration of 100 mg/kg/day in females and 150 mg/kg/day in males. Ahmed and Patel (1981) reported central nervous system effects from single gavage exposures of 93 mg/kg in rats and 27 mg/kg in mice.   
9.1.1.3.
Derivation of 24-Hour Oral PAL 1

The most appropriate animal data for derivation of the 24-hour PAL 1 value are those of Ghanayem et al. (1991) in which administration of 20 mg/kg/day to rats by gavage resulted in clinical signs of central nervous system effects including salivation, lacrimation, polyuria, and increased gastric secretions.   

Toxicity endpoint: 20 mg/kg/day resulting in clinical signs in rats.

The 24-hour oral PAL 1 value is calculated as follows: 
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PAL 1 = 0.2 mg/kg/day
where:


POD 

= 
20 mg/kg/day 


UFH 

= 
10: (sensitive subpopulations) factor of 10 to account for a possible cholinergic mechanism of action. 

UFA 

= 
3: (interspecies extrapolation) adjustment for extrapolation from animals to humans. PBPK model simulations (Kedderis and Fennell, 1996; Sweeney et al., 2003) predicted blood and brain concentrations of acrylonitrile and the metabolite CEO would be higher in rats than in humans exposed to acrylonitrile orally.  A factor of 3 is considered sufficient to account for possible toxicodynamic/metabolism differences.


UFT 

= 
1: no additional adjustment was applied.


UFL 

= 
3: adjustment since toxicity endpoint is considered too severe an effect for this tier.

MF 

= 
1: no additional modifying factor recommended. 

24-hour PAL 1 drinking water equivalent = 0.2 mg/kg/day x 70 kg ÷ 2 L/day = 7 mg/L
9.1.1.4.
Derivation of 24-Hour Oral PAL 2

The 24-hour PAL 2 is also derived from Ghanayem et al. (1991) in which administration of 20 mg/kg/day to rats by gavage resulted in clinical signs of central nervous system effects including salivation, lacrimation, polyuria, and increased gastric secretions.   

Toxicity endpoint: 20 mg/kg/day resulting in clinical signs in rats

The 24-hour oral PAL 2 value is calculated as follows: 
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PAL 2 =  0.67 mg/kg/day

where:


POD 
= 
20 mg/kg/day 


UFH 

= 
10: (sensitive subpopulations) factor of 10 to account for a possible cholinergic mechanism of action. 

UFA 


= 
3: (interspecies extrapolation) adjustment for extrapolation from animals to humans. PBPK model simulations (Kedderis and Fennell, 1996; Sweeney et al., 2003) predicted blood and brain concentrations of acrylonitrile and the metabolite CEO would be higher in rats than in humans exposed to acrylonitrile orally. A factor of 3 is considered sufficient to account for possible toxicodynamic/metabolism differences.


UFT
= 
1: no additional adjustment was applied.


UFL 
= 
1: the critical effect is considered an appropriate endpoint for this tier.


MF 
= 
1: no additional modifying factor recommended. 

24-hour PAL 2 drinking water equivalent = 0.67 mg/kg/day x 70 kg ÷ 2 L/day = 23 mg/L

9.1.1.5.
Derivation of 24-Hour Oral PAL 3


The 24-hour PAL 3 is derived from a study in which 75 mg/kg/day was the highest nonlethal dose in rats administered acrylonitrile by gavage for 1-3 days (Silver et al., 1982). This study is supported by Ghanayem et al. (1991) in which no deaths were noted in rats after gavage administration of 80 mg/kg/day and Working et al. (1987) which reported no deaths at 60 mg/kg/day, with deaths noted at 68 mg/kg/day after 5 days exposure. 
Toxicity endpoint: 75 mg/kg/day, highest nonlethal dose
The 24-hour oral PAL 3 value is calculated as follows: 
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PAL 3 = 2.5 mg/kg/day

where:


POD 
= 
75 mg/kg/day 


UFH 
= 
10: (sensitive subpopulations) factor of 10 to account for a possible cholinergic mechanism of action. 

UFA 
= 
3: (interspecies extrapolation) adjustment for extrapolation from animals to humans. PBPK model simulations (Kedderis and Fennell, 1996; Sweeney et al., 2003) predicted blood and brain concentrations of acrylonitrile and the metabolite CEO would be higher in rats than in humans exposed to acrylonitrile orally.  A factor of 3 is considered sufficient to account for possible toxicodynamic/metabolism differences.


UFT 
= 
1: no additional adjustment was applied.


UFL 
= 
1: the critical effect is considered an appropriate endpoint for this tier.


MF 
= 
1: no additional modifying factor recommended. 

24-hour PAL 3 drinking water equivalent = 2.5 mg/kg/day x 70 kg ÷ 2 L/day = 88 mg/L
9.1.2.
30-Day Oral PAL
9.1.2.1.
Human Data Relevant to Derivation of 30-Day Oral PAL

Human data on acrylonitrile relevant to derivation of 30-day oral PAL values were not found. 

9.1.2.2.
Animal Data Relevant to Derivation of 30-Day Oral PAL


Animal data appropriate to the derivation of 30-day oral PAL values consist of the Szabo et al. (1984) study and the Murray et al. (1978) study. In Szabo et al. (1984), four studies were carried out investigating the effect of acrylonitrile on the gastrointestinal tract and adrenals. In the four studies, rats were exposed to 0 – 2,000 ppm acrylonitrile in drinking water and at equivalent dosages by gavage for time periods ranging from 1 week to 60 days. Treatment-related effects, including a decrease in liver weight and enlarged kidneys at 100 ppm (20 mg/kg/day) in drinking water, with 20 ppm (4 mg/kg/day) representing a NOAEL. In Murray et al. (1978), acrylonitrile was administered at doses of 0, 10, 25, or 65 mg/kg/day by gavage to mated rats on days 6-15 of gestation. A significant increase in the incidence of fetuses with a short tail and missing vertebrae were noted at 65 mg/kg/day.

Supporting data for the 30-day oral PALs is given in Abdel Naim et al. (1994) and Abdel Naim (1995).  In these studies, acrylonitrile administered orally by gavage at dose levels of 11.5, 23, and 46 mg/kg over a period of 2 and 4 weeks, caused a decreased number of spermatocytes and spermatids at 23 and 46 mg/kg/day and significantly decreased sperm count and sperm motility at all dose levels. Testicular LDH-X, a marker of pachytene spermatocytes, was inhibited at dose levels of 23 and 46 mg/kg. A dose level of 11.5 mg/kg is considered a LOAEL from this study, since effects on sperm count and sperm motility were seen at this level.    
9.1.2.3. Derivation of 30-Day Oral PAL 1

The 30-day PAL 1 value is adapted from the 2-year PAL 1 value, resulting in a value of 0.01 mg/kg/day and a 30-day PAL 1 drinking water equivalent of 0.35 mg/L. This is justified due to the lack of relevant data for a 30-day exposure.
9.1.2.4. Derivation of 30-Day Oral PAL 2

The Szabo et al. (1984) rat studies will be used to derive the 30-day PAL 2 value, with treatment-related effects, including a decrease in liver weight and enlarged kidneys at 100 ppm (20 mg/kg/day) in drinking water.  A similar 30-day PAL 2 can be derived from the effects on sperm count in rats administered 23 mg/kg/d (Abdel Naim et al., 1994; Abdel Naim, 1995).

Toxicity endpoint: kidney and liver effects in rats at 20 mg/kg/day

The 30-day oral PAL 2 value is calculated as follows: 
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where:


POD 
= 
20 mg/kg/day 


UFH 
= 
10: (sensitive subpopulations) factor of 10 to account for a possible cholinergic mechanism of action. 

UFA 
= 
3: (interspecies extrapolation) adjustment for extrapolation from animals to humans. PBPK model simulations (Kedderis and Fennell, 1996; Sweeney et al., 2003) predicted blood and brain concentrations of acrylonitrile and the metabolite CEO would be higher in rats than in humans exposed to acrylonitrile orally.  A factor of 3 is considered sufficient to account for possible toxicodynamic/metabolism differences.


UFT 
= 
1: no additional adjustment was applied.


UFL 
= 
3: adjustment since toxicity endpoint is considered too severe an effect for this tier.

MF 
= 
1: no additional adjustment was applied. 


30-day PAL 2 drinking water equivalent = 0.2 mg/kg/day x 70 kg ÷ 2 L/day = 7 mg/L
9.1.2.5.
Derivation of 30-Day Oral PAL 3

The 30-day PAL 3 value is adapted from the 90-day PAL 3 value, resulting in a value of 0.48 mg/kg/day and a 30-day PAL 3 drinking water equivalent of 17 mg/L. This is justified due to the lack of relevant data for a 30-day exposure.
9.1.3.
90-Day Oral PAL
9.1.3.1.
Human Data Relevant to Derivation of 90-Day Oral PAL

Human data on acrylonitrile relevant to derivation of 90-day oral PAL values were not found. 

9.1.3.2.
Animal Data Relevant to Derivation of 90-Day Oral PAL

Serota et al. (1996) exposed B6C3F1 mice to doses of 1.2, 2.4, 4.8, 9.6, or 12.0 mg/kg/day of acrylonitrile by oral gavage for 90 days. All animals survived the treatment and no treatment-related effects were observed. A NOAEL of 12 mg/kg/day was identified.  

In NTP (2001), male and female B6C3F1 mice (10 sex/group) received acrylonitrile by gavage, 5 days/week at 0, 5, 10, 20, 40, or 60 mg/kg/day for 14 weeks (NTP, 2001). All males and 9/10 females in the 60 mg/kg/day group died on the first day of treatment, as did 3/10 females in the 40 mg/kg/day group. Lethargy and abnormal breathing were observed at 60 mg/kg/day, while the incidences of chronic active inflammation and hyperplasia of the forestomach were significantly increased in 40 mg/kg/day females. Leukocyte and lymphocyte counts were decreased in 20 mg/kg/day males and 40 mg/kg/day females and a minimal hemolytic anemia was observed in 40 mg/kg/day females. A NOAEL of 10 mg/kg/day can be identified from this study. 

Gagnaire et al. (1998) exposed male Sprague-Dawley rats to 12.5, 25, or 50 mg/kg/d acrylonitrile via olive oil gavage once per day, five days/week for 12 weeks to assess its neurotoxic effects. Mean body weight was below that of controls in the mid- and high-dose rats and rats developed behavioral sensitization to the subsequent administration of acrylonitrile. One week after onset of treatment, the rats developed salivation, locomotor hyperactivity, and moderately intense sterotypies associated with fur wetting. These effects started shortly after the dosing, lasted two to three hours, and became more pronounced as treatment continued. High dose animals developed hindlimb weakness associated with decreases in sensory conduction velocity and amplitude of sensory action potential and could not rear from the 9th week on, but the weakness abated during the recovery period.  A NOAEL and LOAEL of 25 and 50 mg/kg/day, respectively, can be identified from this study, based on hindlimb weakness and changes in peripheral nerve conduction velocity and action potential.


Humiston and Frauson (1975) exposed adult Sprague-Dawley rats to acrylonitrile in drinking water at doses of 10, 22, or 42 mg/kg/day for 90 days (Humiston and Frauson, 1975). Reduced water consumption and increased relative liver weight were seen at dose levels above 10 mg/kg/day, while growth retardation occurred at levels of 22 mg/kg/day and higher in female rats and at 42 mg/kg/day in male rats. NOAELs of 10 and 22 mg/kg/day based on growth retardation in female and male rats, at 22 and 42 mg/kg/day, respectively, were identified. 
9.1.3.3.
Derivation of 90-Day Oral PAL 1

The 90-day PAL 1 value is adapted from the 2-year PAL 1 value, resulting in a value of 0.01 mg/kg/day and a 90-day PAL 1 drinking water equivalent of 0.35 mg/L. 
9.1.3.4.
Derivation of 90-Day Oral PAL 2

The 90-day PAL 2 value is adapted from the 30-day PAL 2 value, resulting in a value of 0.2 mg/kg/day and a 90-day PAL 2 drinking water equivalent of 7 mg/L. This is justified since the systemic effects appear to be cumulative.
9.1.3.5.
Derivation of 90-Day Oral PAL 3

NTP (2001) will be used to derive the PAL 3 value, based on 20 mg/kg/day as the highest nonlethal dose in rats administered acrylonitrile by gavage 5 days/week for 14 weeks.  

Toxicity endpoint: 20 mg/kg/day as the highest nonlethal dose

The point of departure of the 90-day PAL 3 is determined as: 


C x 5 days/week/7 days/week = 20 mg/kg/day x 0.71 = 14.2 mg/kg/day


Application of uncertainty factors and calculation of the 90-day oral PAL 3 value is as follows: 
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PAL 3 = 0.48 mg/kg/day

where:


POD 
= 
14.2 mg/kg/day 


UFH 
= 
10: (sensitive subpopulations) factor of 10 to account for possible cholinergic mechanism of action. 


UFA 
= 
3: (interspecies extrapolation) adjustment for extrapolation from animals to humans. PBPK model simulations (Kedderis and Fennell, 1996; Sweeney et al., 2003) predicted blood and brain concentrations of acrylonitrile and the metabolite CEO would be higher in rats than in humans exposed to acrylonitrile orally.  A factor of 3 is considered sufficient to account for possible toxicodynamic/metabolism differences.


UFT 
= 
1: no additional adjustment was applied.


UFL 
= 
1: the critical effect is considered an appropriate endpoint for this tier.


MF 
= 
1: no additional modifying factor recommended. 

90-day PAL 3 drinking water equivalent = 0.48 mg/kg/day x 70 kg ÷ 2 L/day = 17 mg/L
9.1.4.
2-Year Oral PAL
9.1.4.1.
Human Data Relevant to Derivation of 2-Year Oral PAL

Human data on acrylonitrile relevant to derivation of 2-year oral PAL values were not found. 

9.1.4.2.
Animal Data Relevant to Derivation of 2-Year Oral PAL

Several 2-year acrylonitrile drinking water studies are relevant to derivation of 2-year PALs. Biodynamics (1980a) administered groups of 100 male and 100 female Fisher 344 rats acrylonitrile in the drinking water at levels of 1, 3, 10, 30, or 100 ppm (equivalent to 0.08, 0.25, 0.84, 2.49, and 8.36 mg/kg/d in males and 0.12, 0.36, 1.25, 3.65, and 10.89 mg/kg/d in females) for 2 years. An increase in mortality was seen in males at 10 ppm and in females at 3 and 30 ppm. Elevations in mean relative liver and kidney weights were noted in rats at 100 ppm and small but consistent reductions in hemoglobin, hematocrit, and erythrocyte counts were noted for female rats at 100 ppm. Alkaline phosphatase activity was slightly elevated in females at 10 and 30 ppm.  


In a second Biodynamics study (Biodynamics, 1980b), 100 Sprague-Dawley rats/sex were administered acrylonitrile at levels of 0, 1, or 100 ppm (equivalent to 0.093 and 7.98 mg/kg/day for male rats and 0.146 and 10.69 mg/kg/day for female rats) for 19 to 22 months. High dose animals had significant reductions in body weight and small, sometimes significant reductions in hemoglobin, hematocrit, and erythrocyte counts. No non-neoplastic effects were noted at 1 ppm, suggesting a NOAEL of 1 ppm in water. In a third Biodynamics study (Biodynamics, 1980c), groups of 100 Sprague-Dawley rats were administered acrylonitrile at doses of 0, 0.1, and 10 mg/kg/day by gavage for 5 days/week for 19 to 20 months.  High dose animals had significant reductions in body weight and increases in absolute kidney weight. No  effects were noted at 0.1 mg/kg/day, suggesting a NOAEL of 0.1 mg/kg/day.  


Quast et al. (1980b) exposed male and female Sprague-Dawley rats (48 rats/sex and 80 controls/sex) to nominal concentrations of acrylonitrile in the drinking water at levels of 0, 35, 85, or 210 ppm for the first 21 days and to levels of 0, 35, 100, or 300 ppm for the duration of the study (2 years total). Increased early mortality was directly correlated with increasing concentrations of acrylonitrile in drinking water, with 206 males and 199 females dead by the end of the study. A dose related decrease in food and water consumption and reduced body weight gain were noted in all treatment groups, with females more severely affected than males. 


Gallagher et al. (1988) administered 80 male Sprague-Dawley rats 0, 20, 100, or 500 ppm acrylonitrile in the drinking water for 2 years. Animals at 500 ppm acrylonitrile had a high level of mortality, with no animals surviving up to the 2-year point. No statistically significant differences in food or water intake were observed and no histopathological changes were noted in this study. 


Fischer 344 rats were exposed to 100 or 500 ppm (2 or 10 mg/kg/day) acrylonitrile for 2 years in drinking water with different groups of rats studied for tumor exploration, comparative survival, and clinical symptoms (Bigner et al., 1986). The incidence of neurological effects, including paralysis, head tilt, circling, and seizures was closely related to the dose of acrylonitrile, with 20/300 and 16/100 animals exposed to 500 ppm affected (there were two groups exposed to 500 ppm), compared to 4/100 in the 100 ppm dose group and 0/100 in the controls.

9.1.4.3.
Derivation of 2-Year Oral PAL 1

Biodynamics (1980a) will be used to derive the PAL 1 value. No effects were noted in rats administered 3 ppm in the drinking water for 2 years.  The average dose for males and females combined is 0.30 mg/kg/day.

Toxicity endpoint: 0.30 mg/kg/day (3 ppm) is considered a no effect level

Application of uncertainty factors and calculation of the 2-year oral PAL 1 value is as follows:


[image: image11.wmf] 

 MF

×

 

 UF

×

 

 UF

×

 

 UF

×

UF

POD

 

=

 

1

  

PAL

L

T

A

H



[image: image12.wmf] 

1

 

 

1

 

 

1

 

 

3

 

10

mg/kg/day

 

0.3

 

 

1

 

PAL

´

´

´

´

=


PAL 1 = 0.01 mg/kg/day

where:


POD 
= 
0.3 mg/kg/day 


UFH 
= 
10: (sensitive subpopulations) factor of 10 to account for a possible cholinergic mechanism of action.

UFA 
= 
3: (interspecies extrapolation) adjustment for extrapolation from animals to humans. PBPK model simulations (Kedderis and Fennell, 1996; Sweeney et al., 2003) predicted blood and brain concentrations of acrylonitrile and the metabolite CEO would be higher in rats than in humans exposed to acrylonitrile orally.  A factor of 3 is considered sufficient to account for possible toxicodynamic/metabolism differences.


UFT 
= 
1: no additional adjustment was applied.


UFL 
= 
1: the critical effect is considered an appropriate endpoint for this tier.


MF 
= 
1: no additional modifying factor recommended. 

2-year PAL 1 drinking water equivalent = 0.01 mg/kg/day x 70 kg ÷ 2 L/day = 0.35 mg/L
9.1.4.4.
Derivation of 2-Year Oral PAL 2

Bigner et al. (1986) will be used to derive the PAL 2 value.  The concentration of acrylonitrile in the drinking water of 100 ppm (10 mg/kg/d) was a threshold for severe neurological effects in rats, including paralysis, head tilt, circling and seizures observed at the higher concentration of 500 ppm for 2 years. 

Toxicity endpoint: 10 mg/kg/d was threshold for neurological effects in rats


The 2-year oral PAL 2 value is calculated as follows:
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PAL 2 = 0.1 mg/kg/day

where:

POD 
= 
10 mg/kg/day 

UFH 
= 
10: (sensitive subpopulations) factor of 10 to account for a possible cholinergic mechanism of action.
UFA 
= 
3: (interspecies extrapolation) adjustment for extrapolation from animals to humans. PBPK model simulations (Kedderis and Fennell, 1996; Sweeney et al., 2003) predicted blood and brain concentrations of acrylonitrile and the metabolite CEO would be higher in rats than in humans exposed to acrylonitrile orally.  A factor of 3 is considered sufficient to account for possible toxicodynamic/metabolism differences.

UFT 
= 
1: no additional adjustment was applied.

UFL 
= 
3: the critical effects were noted as early as 12-18 months after the start of the study. 
MF 
= 
1: no modifying factor recommended. 

2-year PAL 2 drinking water equivalent = 0.1 mg/kg/day x 70 kg ÷ 2 L/day = 3.5 mg/L
9.1.4.5.
Derivation of 2-Year Oral PAL 3

Gallagher et al. (1988) was used to derive the PAL 3 value. In this study, 100 ppm  (10 mg/kg/day) was the highest nonlethal dose in rats administered acrylonitrile in the drinking water for 2 years. This value is supported by the neurological effects noted in Bigner et al., 1986 at the same dose.   


Toxicity endpoint: 10 mg/kg/day as the highest nonlethal dose

The 2-year oral PAL 3 value is calculated as follows:
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PAL3 = 0.33 mg/kg/day

where:

POD 
= 
10 mg/kg/day 

UFH 
= 
10: (sensitive subpopulations) factor of 10 to account for a possible cholinergic mechanism of action.
UFA 
= 
3: (interspecies extrapolation) adjustment for extrapolation from animals to humans. PBPK model simulations (Kedderis and Fennell, 1996; Sweeney et al., 2003) predicted blood and brain concentrations of acrylonitrile and the metabolite CEO would be higher in rats than in humans exposed to acrylonitrile orally.  A factor of 3 is considered sufficient to account for possible toxicodynamic/metabolism differences.

UFT 
= 
1: no additional adjustment was applied.

UFL 
= 
1: the critical effect is considered an appropriate endpoint for this tier.

MF 
= 
1: no additional modifying factor recommended. 

2-year PAL 3 drinking water equivalent = 0.33 mg/kg/day x 70 kg ÷ 2 L/day = 12 mg/L
9.2.
Inhalation PALs

Inhalation PALs are summarized in Table 23.  The derived values are graphically compared to the available data in Figure 2, an exposure-response array.

9.2.1.

24-Hour Inhalation PAL
9.2.1.1.
Human Data Relevant to Derivation of 24-Hour Inhalation PAL

Occupational exposure of 16-100 ppm for 20-45 minutes produced headache, nasal and ocular irritation, discomfort of the chest, nervousness and irritability (Wilson, et al. 1948).   Occupational exposure to 0.3 to 3 ppm for approximately three years produced similar effects (Babonov et al., 1959).  Sakurai et al. (1978) reported that workers routinely exposed to approximately 5 ppm acrylonitrile in an acrylic fiber factory experienced initial conjunctival irritation to which some degree of accommodation occurred.  Six informed male volunteer subjects (including the investigators) exposed to 2.3 and 4.6 ppm acrylonitrile for 8 hours reported no symptoms of exposure (Jakubowski et al., 1987). Chen et al. (1999) reported on 144 cases of acute acrylonitrile poisoining. In 7 of these cases, abnormal changes in liver enzyme activity were observed on the 5th day after the poisoning, with concentrations estimated at 18-36 ppm for 3-6 hours.
9.2.1.2.
Animal Data Relevant to Derivation of 24-Hour Inhalation PAL

Dudley et al. (1942) reported that rhesus monkeys exposed to 65 ppm acrylonitrile for 4 hours exhibited no adverse effects.  Nonlethal responses in rats included slight to marked transitory effects upon exposure to 665 ppm for 0.5 or 1 hour, 305 ppm for 2 hours, 130 ppm for 4 hours, and 90 ppm for 8 hours.  Four-hour exposure of dogs to 30 ppm, and guinea pigs, cats, and rabbits to 100 ppm resulted in slight to moderate transitory effects.  Du Pont & Co. (1968) reported a 4-hour LC50 for rats of 333 ppm while WIL Research Laboratories (2005) reported a 4-hour LC50 of 946 ppm for both male and female rats. The reason for the discrepancy between these LC50 values could not be determined. Wil Research Laboratories (2005) reported lethality in rats following 4 hours of exposure: no rats died at 539 and 775 ppm, a total of 4 rats died at 871 ppm, 7 rats died at 1,006 ppm, and 9 rats died at 1,181 ppm. Vernon et al. (1990) reported that no rats died at a one hour exposure to 1,080 ppm, however clinical signs in the rats included rapid shallow breathing, decreased activity, nasal discharge, salivation, lacrimation, and coma (in 3 out of 10 animals). 
9.2.1.3.
Derivation of 24-Hour Inhalation PAL 1

The most relevant data for PAL 1 derivation are the human response data reported by Jakubowski et al. (1987) regarding the absence of effects in volunteer subjects exposed for 8 hours to 4.6 ppm acrylonitrile.  This is consistent with the report by Sakurai et al. (1978) in which workers routinely exposed to approximately 5 ppm acrylonitrile experienced initial conjunctival irritation for which there was some accommodation. Time-scaling was performed to account for possible systemic effects as well as contact irritation since the 8-hour exposure duration is considerably shorter than the 24-hour PAL. The concentration-exposure duration relationship for an irritant gas such as acrylonitrile can be described by the equation Cn x t = K, where the exponent n ranges from 0.8 to 3.5 (ten Berge et al., 1986). Ten Berge et al. (1986) calculated n = 1.1 for acrylonitrile based on regression analysis of combined rat and mouse LC50 data.   

Toxicity endpoint: 4.6 ppm for 8 hours in human volunteers


Time scaling was performed as follows:

C1.1 x 8 hr = (4.6 ppm)1.1 x 8 hr = 5.4 ppm1.1 x 8 hr = 42.8 ÷ 24 (ppm·hr)1.1 = 1.7 ppm   

Application of uncertainty factors and calculation of the 24-hour inhalation PAL 1 value is as follows: 
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PAL 1 = 0.17 ppm

where:

POD 
= 
1.7 ppm 
UFH 
= 
10: (sensitive subpopulations) factor of 10 to protect human subpopulations particularly sensitive to central nervous system effects.
UFA 
= 
1: (interspecies extrapolation): no adjustment needed due to use of human data.

UFT 
= 
1: no additional adjustment was applied.
UFL 
=
1: the critical effect is considered an appropriate endpoint for this tier.

MF 
= 
1: no additional modifying factor recommended. 

9.2.1.4.
Derivation of 24-Hour Inhalation PAL 2

There are no human data with endpoints within the PAL 2 effects tier. Therefore animal data were used from the Wil Research Laboratories (2005) study in which exposure of rats to 539 ppm for 4 hours resulted in clinical signs including vocalization upon handling. 

Toxicity endpoint:  539 ppm, clinical signs in rats

 Time scaling was performed as follows:

C1.1 x 4 hr = (539 ppm)1.1 x 4 hr = 1,011 ppm1.1 x 4 hr = 4,044 ÷ 24 (ppm·hr)1.1 = 106 ppm   


Application of uncertainty factors and calculation of the 24-hour inhalation PAL 2 value is as follows: 
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PAL 2 = 3.5 ppm

where:


POD 
= 
106 ppm 


UFH 
= 
10: (sensitive subpopulations) factor of 10 to protect human subpopulations particularly sensitive to central nervous system effects.

UFA 
= 
3: (interspecies extrapolation): adjustment for extrapolation from animals to humans. PBPK model simulations (Kedderis and Fennell, 1996; Sweeney et al., 2003) predicted blood and brain concentrations of acrylonitrile and the metabolite CEO would be similar in rats and humans exposed to acrylonitrile by inhalation.  A factor of 3 is considered sufficient to account for possible toxicodynamic/metabolism differences.


UFT 
= 
1: no additional adjustment was applied.


UFL 
= 
1: the critical effect is considered an appropriate endpoint for this tier.


MF 
= 
1: no additional modifying factor recommended. 

9.2.1.5.
Derivation of 24-Hour Inhalation PAL 3

There are no human data with endpoints within the PAL 3 effects tier. Therefore animal data were used from the Wil Research Laboratories (2005) study in which 775 ppm was the highest nonlethal dose in rats for 4 hours exposure.  Another study gave very different results following a 4 hour exposure and the discrepency could not be explained.  The Wil Research Laboratories (2005) study was chosen as the key study for PAL 3 derivation because it is a contemporary study with GLP such that there is high confidence in the conduct of the study.

Toxicity endpoint: 775 ppm, highest nonlethal dose in rats after 4 hours of exposure.
Time scaling was performed as follows:

C1.1 x 4 hr = (775 ppm)1.1 x 4 hr = 1507.4 ppm1.1 x 4 hr = 6029.6 ÷ 24 (ppm·hr)1.1 = 152 ppm 

Application of uncertainty factors and calculation of the 24-hour inhalation PAL 3 value is as follows:
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PAL 3 = 5.1 ppm

where:


POD 
=
152 ppm   


UFH 
= 
10: (sensitive subpopulations) factor of 10 to protect human subpopulations particularly sensitive to central nervous system effects.


UFA 
= 
3: (interspecies extrapolation): adjustment for extrapolation from animals to humans. PBPK model simulations (Kedderis and Fennell, 1996; Sweeney et al., 2003) predicted blood and brain concentrations of acrylonitrile and the metabolite CEO would be similar in rats and humans exposed to acrylonitrile by inhalation.  A factor of 3 is considered sufficient to account for possible toxicodynamic/metabolism differences.


UFT 
= 
1: no additional adjustment was applied.


UFL 
=
1: the critical effect is considered an appropriate endpoint for this tier.


MF 
= 
1: no additional modifying factor recommended. 

9.2.2.
30-Day Inhalation PAL
9.2.2.1.
Human Data Relevant to Derivation of 30-Day Inhalation PAL

No human data relevant to derivation of a 30-day PAL were found.   

9.2.2.2.
Animal Data Relevant to Derivation of 30-Day Inhalation PAL

Dudley et al. (1942) exposed 16 rats and 3 rabbits to an average concentration of 100 ppm acrylonitrile for 4 hours per day, 5 days/week for 8 weeks.  In the rats, slight lethargy during exposure was the only adverse effect observed.  The rabbits survived for the full exposure duration, but were drowsy and listless during exposure and no weight gain was reported.  No additional effects were observed. 


In a developmental study, Murray et al. (1978) exposed groups of 30 pregnant rats to 0, 40, or 80 ppm acrylonitrile on gestation days 6-15. In the 80 ppm group, malformations included short tail, short trunk, missing ribs, delayed ossification of skull bones, omphalocele and hemivertebrae. No evidence of teratogenicity was seen at 40 ppm. A NOAEL of 40 ppm can be identified from this study. In another developmental/reproductive study, Saillenfait et al. (1993a) exposed groups of pregnant rats to 0, 12, 25, 50, or 100 ppm acrylonitrile for 6 hours/day on gestation days 6-20. A statistically significant reduction in fetal weight was observed at 25 ppm and higher concentrations.  A NOAEL of 12 ppm can be identified from this study.   


Gagnaire et al. (1998) exposed male Sprague-Dawley rats to 0, 25, 50, or 100 ppm acrylonitrile for 24 weeks. In the high dose group, mean body weight was below controls and rats exhibited time and concentration dependent decreases in motor and sensory conduction velocity and amplitude of sensory action potential. These changes were partially reversible after an 8-week recovery period. A LOAEL of 100 ppm for changes in body weight and reversible effects on nerve conduction was identified from this study.  

9.2.2.3.
Derivation of 30-Day Inhalation PAL 1

The 30-day PAL 1 value was based on Gagnaire et al. (1998) in which no effects were noted in rats exposed to 25 ppm for 24 weeks. 

Toxicity endpoint: 25 ppm NOAEL in rats.

Adjustment for discontinuous exposure was performed as follows: 

C x 6 hr/d x 1 d/24 hr x 5 d/wk x 1 wk/7 d = (25 ppm x 6/24 x 5/7) = 4.5 ppm

Application of uncertainty factors and calculation of the 30-day PAL 1 value is as follows:
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PAL 1 = 0.15 ppm

where:


POD 
= 
4.5 ppm  

UFH 
= 
10: (sensitive subpopulations) factor of 10 to protect human subpopulations particularly sensitive to central nervous system effects.


UFA 
= 
3: (interspecies extrapolation): adjustment for extrapolation from animals to humans. PBPK model simulations (Kedderis and Fennell, 1996; Sweeney et al., 2003) predicted blood and brain concentrations of acrylonitrile and the metabolite CEO would be similar in rats and humans exposed to acrylonitrile by inhalation.  A factor of 3 is considered sufficient to account for possible toxicodynamic/metabolism differences.


UFT 
= 
1: no additional adjustment was applied.


UFL 
= 
1: the critical effect is considered an appropriate endpoint for this tier.


MF 
= 
1: no additional adjustment is needed.

9.2.2.4.
Derivation of 30-Day Inhalation PAL 2

The 30-day PAL 2 value is also based on the Gagnaire et al. (1998) study in which changes in body weight and nerve conduction in rats were noted at 100 ppm after 24 weeks exposure.  

Adjustment for discontinuous exposure was performed as follows: 

C x 6 hr/d x 1 d/24 hr x 5 d/wk x 1 wk/7 d = (100 ppm x 6/24 x 5/7) = 17.9 ppm


Application of uncertainty factors and calculation of the 30-day inhalation PAL 2 value is as follows:
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PAL 2 = 0.60 ppm

where:


POD 
= 
17.9 ppm 


UFH 
= 
10: (sensitive subpopulations) factor of 10 to protect human subpopulations particularly sensitive to central nervous system effects.


UFA 
= 
3: (interspecies extrapolation): adjustment for extrapolation from animals to humans. PBPK model simulations (Kedderis and Fennell, 1996; Sweeney et al., 2003) predicted blood and brain concentrations of acrylonitrile and the metabolite CEO would be similar in rats and humans exposed to acrylonitrile by inhalation.  A factor of 3 is considered sufficient to account for possible toxicodynamic/metabolism differences.


UFT 
= 
1: no additional adjustment was applied.


UFL 
= 
1: the critical effect is considered an appropriate endpoint for this tier.


MF 
= 
1: no additional adjustment is needed.

9.2.2.5.
Derivation of 30-Day Inhalation PAL 3


There are insufficient data to derive a 30-day inhalation PAL 3 value. 
9.2.3.
90-Day Inhalation PAL
9.2.3.1.
Human Data Relevant to Derivation of 90-Day Inhalation PAL

No human data relevant to derivation of a 90-day PAL were found.
9.2.3.2.
Animal Data Relevant to Derivation of 90-Day Inhalation PAL

Gagnaire et al. (1998) exposed male Sprague-Dawley rats to 0, 25, 50, or 100 ppm acrylonitrile for 24 weeks. In the high dose group, mean body weight was below controls and rats exhibited time and concentration dependent decreases in motor and sensory conduction velocity and amplitude of sensory action potential. These changes were partially reversible after an 8-week recovery period.  A LOAEL of 100 ppm for changes in body weight and reversible effects on nerve conduction affecting velocity and action potential was identified from this study.  

9.2.3.3.
Derivation of 90-Day Inhalation PAL 1

The 90-day PAL 1 value is adapted from the 30-day PAL 1 value (0.15 ppm). The use of the 30-day value is expected to be protective for longer durations of exposure, including 90 days.
9.2.3.4.
Derivation of 90-Day Inhalation PAL 2

The 90-day PAL 2 value is adapted from the 30-day PAL 2 value (0.60 ppm). The use of the 30-day value is expected to be protective for longer durations of exposure, including 90 days.

9.2.3.5 Derivation of 90-Day Inhalation PAL 3

There are insufficient data to derive a 90-day inhalation PAL 3 value. 
9.2.4.
2-Year Inhalation PAL
9.2.4.1.
Human Data Relevant to Derivation of 2-Year Inhalation PAL

Occupational exposure to 0.3 to 3 ppm for approximately three years produced headache, nasal and ocular irritation, discomfort of the chest, nervousness and irritability (Babonov et al., 1959). In a report by Sakurai and Kusumoto (1972), workers exposed to acrylonitrile at concentrations of 5 ppm complained of headache, fatigue, nausea, and insomnia. 
The World Health Organization (WHO IPCS, 1983) summarized various workplace studies and reported blepharoconjunctivitis and non-ocular symptoms following exposure to 5 ppm acrylonitrile. Gincheva et al. (1977) reported no changes in the health status for a group of 23 men occupationally exposed to 1.9 to 3.3 ppm acrylonitrile for three to five years. 


In an epidemiologic study of workers exposed to approximately 1 ppm, there was no evidence of adverse health effects, based on a wide range of clinical parameters (Muto et al., 1992). Kaneko and Omae (1992) reported that workers exposed to acrylonitrile at concentrations of 1.8, 7.4, and 14.1 ppm, for a period of 5.6, 7, and 8.6 years, respectively, registered more complaints than non-workers about irritation of the mucosa and respiratory tract, headaches, and general weakness. 
9.2.4.2.
Animal Data Relevant to Derivation of 2-Year Inhalation PAL

Quast et al. (1980a) exposed Sprague-Dawley rats for 6 hours/day, 5 days/week for 2 years to concentrations of 0, 20, or 80 ppm acrylonitrile. Significant degenerative and inflammatory changes were noted in the respiratory epithelium of the nasal turbinates at 20 and 80 ppm. These changes were interpreted to represent treatment-related irritation of the nasal mucosa, representing a LOAEL for pathological alterations in the respiratory epithelium of the extrathoracic region of the respiratory system.  
9.2.4.3.
Derivation of 2-Year Inhalation PAL 1

Kaneko and Omae (1992) was used to derive the PAL 1 value. In this study, irritation, headaches, and weakness were reported in workers exposed to 1.8 ppm for 8 hours/day, 5 days/week, for 5.6 – 8.6 years.   

Adjustment for discontinuous exposure was performed as follows: 

C x 8 hr/day x 1d/24 hr x 5 d/wk x 1 wk/7 d = 1.8 ppm x 8/24 x 5/7 = 0.43 ppm


Application of uncertainty factors and calculation of the 2-year inhalation PAL 1 value is as follows:
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PAL 1 = 0.014 ppm

where:

POD 
= 
0.43 ppm 

UFH 
= 
10: (sensitive subpopulations) factor of 10 to account for human subpopulations particularly sensitive to central nervous system effects. 

UFA 

= 
1: (interspecies extrapolation): no additional adjustment was applied.

UFT 
= 
1: no additional adjustment was applied.

UFL 
= 
3: adjustment since toxicity endpoint is considered too severe an effect for this tier.

MF 
= 
1: no additional adjustment is needed.  

9.2.4.4.
Derivation of 2-Year Inhalation PAL 2

The Quast et al. (1980a) study was used to derive the PAL 2 value. A LOAEL of 20 ppm is the toxicity endpoint, based on changes in the respiratory epithelium of the nasal turbinates in rats.  It is noted that the intraspecies UF for the 2-year PAL 2 is different from that applied in the other inhalation PAL derivations because the endpoint is different; the endpoint for the 2-year PAL 2 is contact irritation only with no CNS involvement at the POD.

Adjustment for discontinuous exposure was performed as follows: 

C x 6 hr/day x 1d/24 hr x 5 d/wk x 1 wk/7 d = 20 ppm x 6/24 x 5/7 = 3.57 ppm


Application of uncertainty factors and calculation of the 2-year inhalation PAL 2 value is as follows:
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PAL 2 = 0.12 ppm

where:

POD 
= 
3.57 ppm 

UFH 
= 
3: (sensitive subpopulations) factor of 3 to account for human subpopulations particularly sensitive to contact irritation. 

UFA 
= 
3: (interspecies extrapolation): adjustment for extrapolation from animals to humans. PBPK model simulations (Kedderis and Fennell, 1996; Sweeney et al., 2003) predicted blood and brain concentrations of acrylonitrile and the metabolite CEO would be similar in rats and humans exposed to acrylonitrile by inhalation.  A factor of 3 is considered sufficient to account for possible toxicodynamic/metabolism differences.

UFT 
= 
1: no additional adjustment was applied.

UFL 
= 
3: adjustment since toxicity endpoint is considered too severe an effect for this tier.

MF 
= 
1: no additional adjustment is needed.  

9.2.4.5.
Derivation of 2-Year Inhalation PAL 3

There are insufficient data to derive a 2-year inhalation PAL 3 value. 
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TABLES

	TABLE 1.  Chemical/Physical Properties of Acrylonitrile

	
	Value
	Reference

	Physical state
	Liquid
	O’Neil et al., 2001 

	Odor threshold
	1.6-22 ppm (air)

18.6 ppm (water)
	AIHA, 1989  

HSDB, 2007

	Odor description and taste
	Onion, garlic, pungent
	HSDB, 2007

	Conversion factors- ppm; mg/m3
	1 ppm = 2.17 mg/m3

1 mg/m3 = 0.46 ppm
	

	Boiling point 
	77.3 ºC
	ChemFinder, 2007

	Freezing point
	No data
	

	Melting point
	-83.55 ºC
	ChemFinder, 2007

	Vapor pressure (mm Hg)
	100 
	ATSDR, 1991

	Henry’s Law Constant

(atm-m3/mol)
	8.8x10-5 
	ATSDR, 1991

	Flash point
	-5ºC
	ChemFinder, 2007

	Lower explosive limit
	3.05%
	HSDB, 2007

	Upper explosive limit
	17%
	HSDB, 2007

	Autoignition temperature
	481ºC
	ATSDR, 1991

	Water solubility (g/L)
	7.45 g/100 mL
	ChemFinder, 2007

	Stability/Reactivity
	Very reactive with strong oxidizers, acids, and alkalis
	HSDB, 2007

	Density (air = 1)
	0.8075
	ChemFinder, 2007

	Specific gravity (water = 1)
	No data
	

	Volatility
	No data
	


	TABLE 2. Epidemiologic carcinogenicity studies on acrylonitrile

	Reference
	Population
	Exposure
	Effects
	Comments

	Monson and Fine, 1978
	NA
	NA
	Statistically non-significant increase in deaths from cancer
	Workers exposed to other chemicals

	Kiesselbach et al., 1979
	884 acrylonitrile workers
	Workers exposed between 1950 and 1965, follow-up until 1977
	No difference in mortality rate for malignant tumors from expected, general mortality was lower than in general population
	

	O’Berg., 1980
	1,345 male textile workers
	Workers exposed to 5-20 ppm acrylonitrile (estimated) from 1950-1966, follow-up until 1976
	Total of 25 cancer cases found (20.5 expected), 8 cases respiratory cancer (4.4 expected), 3 cases prostate cancer (0.9 expected). Trend of increased cancer incidence with increasing duration of exposure and increased length of follow-up time
	Smoking not considered

	Thiess et al., 1980
	1,469 workers in acrylonitrile processing
	Workers exposed between 1956 and 1978
	Statistically significant increase in lung cancer, a nearly significant increase in cancer of the lymphatic and hematopoietic systems.
	Workers also exposed to polycyclic aromatic hydrocarbons, vinyl chloride and other chemicals; all cancer cases were known smokers

	Werner and Carter, 1981
	1,111 men working in polymerization of acrylonitrile and spinning of acrylic fibers
	Workers exposed between 1950 and 1968, follow-up until 1978
	Statistically significant increase for all cancers and for lung cancer for 15-44 yr olds.
	Cohort consisted of 40% Welshman, statistics used from UK consisted of only 4% Welshman 

	Delzell and Monson, 1982
	327 male rubber manufacturing plant workers
	Workers exposed between 1940 and 1971
	Statistically significant increase in lung cancer among workers employed 5 or more years. Lung cancer mortality not statistically significant.
	Workers exposed to other chemicals at plant

	O’Berg et al., 1985
	1,345 male textile workers
	Workers exposed between 1950 and 1966, follow-up period from 1956 to 1981
	No significant increase in cancer mortality. 43 cases of cancer observed  (36.7 expected), for lung cancer- 10 cases observed (7.2 expected), for prostate cancer- 6 cases observed (1.8 expected) – significant increase, for lymphopoietic cancer- 7 cases observed (3.7 expected). 
	Updated the O’Berg,  1980 study; smoking not considered

	Chen et al., 1987
	1,083 workers at textile fiber plant
	Workers exposed between 1944 and 1979, follow-up from 1944 to 1981 (mortality), 1944 to 1983 (morbidity)
	No significant increase in cancer mortality. No increase for lung cancer – 5 cases observed (6.9 expected), increase in prostate cancer – 5 cases observed (1.9 expected) 
	

	Collins et al., 1989
	1,774 workers in acrylic fiber manufacturing
	Workers exposed between 1951 and 1973 at one plant and between 1957 and 1973 at another plant. Follow-up to 1983 for mortality
	No significant differences between observed and expected cancer cases. 
	

	Swaen et al., 1992
	2,842 workers
	Workers exposed for at least 6 months between 1956 and 1979, follow-up to 1988
	No significant increase in cancer deaths, 134 deaths observed (172.2 expected), for lung cancer – 16 deaths observed (19.5 expected)
	

	Rothman, 1994
	Meta-analysis of 8 epidemiology studies from 1979-1992 
	
	No excess in all cancer deaths or in lung cancer deaths  
	

	Blair et al., 1998


	25,460 workers at 8 acrylonitrile plants 
	Workers exposed from the 1950’s-1983, follow-up to 1989; exposure estimates based on monitoring data, interviews, and information from production processes at plant 
	No increase in cancer of stomach, brain, breast, prostate, or lymphatic or hematopoietic system. Non-significant increase in lung cancer in highest quintile of cumulative exposure     
	Updated the Collins et al., 1989 study and provided new information on 6 plants not previously studied; largest and most statistically powerful of all studies  

	Benn and Osborne, 1998
	2,763 male workers in polymerization of acrylonitrile or spinning of acrylic fibers 
	Workers employed between 1950 and 1978, follow-up until 1991
	No increase in cancer deaths above expected. Increase in lung cancer in workers under 55 years old
	Extension of the Werner and Carter, 1981 study

	Swaen et al., 1998
	2,842 workers exposed to acrylonitrile, total cohort of 6,803 workers 
	Workers exposed for at least 6 months between 1956 and 1979, follow-up until 1996; exposures averaged between 0.5 and 2 ppm
	No increase in total cancer deaths or deaths from lung cancer, mortality was lower in  exposed groups than in general population 
	Updated the Swaen et al., 1992 study; smoking not considered

	Wood et al., 1998
	2,559 male workers  
	Workers exposed between 1944 and 1991; exposure groups with a mean of 0.11, 1.1, 11, and 30 ppm acrylonitrile
	No increase in total cancer deaths or deaths from lung, prostate, or other  cancers, mortality was lower in  exposed groups than in general population
	Updated the O’Berg  1980 and O’Berg et al., 1985 studies and Chen et al., 1987 study; smoking not considered  

	Collins and Acquavella, 1998
	Meta-analysis of 25 epidemiology studies
	21 were industrial cohort studies, 2 were nested industrial case-control studies, 2 were general population case-control studies
	All causes of mortality  20% less than the general population, cancer rates similar to expected, except for prostate cancer (mRR = 1.4)
	

	Swaen et al., 2004
	2,842 workers exposed to acrylonitrile, total cohort of 6,803 workers
	Workers exposed for at least 6 months between 1956 and 1979, follow-up until 2001; exposures averaged between 0.5 and 2 ppm
	Total of 146 cancer deaths in exposed group (164.5 expected), no excess risk for lung cancer
	Updated the Swaen et al., 1998 study


NA = not available 

	TABLE 3.  Toxicity of Acrylonitrile Vapor In Dogs Exposed for 4 Hours.

	Exposure Conc.

(ppm)
	Gender
	Effects

	30
	F

F

F
	Slight salivation by end of exposure period; no other effects

Slight salivation by end of exposure period; no other effects

Slight salivation by end of exposure period; no other effects

	65
	F

F
	Severe salivation; weak by end of exposure

Coma by end of exposure; died at 8 hrs

	100
	M

F

F
	Severe salivation during exposure; full recovery within 24 hrs

Convulsions at 2.5 hrs; coma by end of exposure; partial paralysis of hind legs for 3 days

Convulsions at 2.5 hrs; coma by end of exposure; full recovery within 48 hrs

	110
	F

M

F
	Coma at end of exposure; dead at 4.5 hrs

Coma at end of exposure; dead at 3 days

Coma at end of exposure; food refusal for 10 days; slowly recovered

	165
	F

M
	Convulsions at 2 hrs; dead at 3 hrs of exposure

Coma from end of exposure to death at 40 hrs.

	Dudley and Neal, 1942


	TABLE 4.  Toxicity of Acrylonitrile Vapor in Guinea Pigs Exposed for 4 hours

	Exposure Conc.

(ppm)
	Mortality (%) During Exposure
	Total Mortality (%)
	Effects

	100

265

575

1160
	0

0

25

13
	0

0

63

100
	Slight to no effect

Slight transitory effect; reduced food consumption for 4 days

Ocular and nasal irritation during exposure; delayed death (3-6 days) probably from pulmonary edema

5 dead within 1.5 hrs post exposure; 2 dead at 18 hrs

	Dudley and Neal, 1942


	TABLE 5. Toxicity of Acrylonitrile Vapor In Rats Exposed for 0.5 to 8 Hours.

	Exposure Time (hrs)
	Exposure Conc.

(ppm)
	Mortality (%) During Exposure
	Total Mortality (%)
	Effectsa

	0.5
	2445

1490

1270

665
	0

0

0

0
	0

0

0

0
	Marked; slight residual effects to 24 hrs

Marked; no  residual effects in 24 hrs

Marked; no residual effects in 24 hrs

Moderate transitory effects

	1
	2445

1490

1270

665
	0

0

0

0
	81

25

0

0
	Deaths in 4 hrs; slight effects at 24 hrs in survivors

Deaths in 4 hrs; slight effects at 24 hrs in survivors

Marked effects;  slight effects at 24 hrs; normal at 48 hrs

Marked transitory effects

	2
	1260

595

305
	0

0

0
	100

6

0
	Fatal; deaths within 4 hrs

Marked transitory effects

Slight transitory effects

	4
	635

315

130
	50

25

0
	100

31

0
	Fatal

Marked; no effects in survivors at 24 hrs

slight transitory effects

	8
	320

270

210

135

90
	94

44

6

0

0
	94

44

6

0

0
	Fatal

Marked; no effects in survivors at 24 hrs

Marked transitory effects

Moderate transitory effects

Slight discomfort

	aNonlethal effects included initial rapid respiration followed by rapid shallow breathing; prior to death animals exhibited slow, gasping respiration, convulsions, followed by coma.


Dudley and Neal, 1942. 


	TABLE 6.  Toxicity of Acrylonitrile Vapor in Rats Exposed For 4 Hours.

	Exposure Conc.

(ppm)
	Mortality (%) During Exposure
	Total Mortality (%)
	Effects

	635

315

130

100
	50

25

0

0
	100

31

0

0
	Death occurred in 2-6 hrs

Marked effects; no residual effects in survivors

Slight transitory effects

Slight transitory effects

	Dudley and Neal, 1942


	TABLE 7. Lethal Response of Rats Exposed to Acrylonitrile at Various Exposure Concentration/Durations.

	Exposure conc. (ppm)
	Exposure duration (min)
	Mortality ratio

	650
	180
	1/3

	950
	120
	1/3

	1100
	120
	3/3

	1600
	30
	0/3

	2400
	10
	0/3

	2600
	30
	1/3

	3000
	30
	6/6

	Appel et al. (1981a).


	TABLE 8. Lethality in rats following nose-only inhalation exposure to acrylonitrile for 4 hours

	Exposure Conc.

(ppm)
	Mortality During  Exposure
	Total Mortality
	Comments

	
	M
	F
	M
	F
	

	539
	0
	0
	0
	0
	

	775
	0
	0
	0
	0
	

	871
	0
	0
	1
	3
	Deaths at 0 to 1 day postexposure

	1006
	1
	1
	3
	4
	2 ((), 3 (() at 0 to 1 day postexposure

	1181
	4
	3
	5
	4
	1 ((), 1 (() at 0 to 1 day postexposure

	WIL Research Laboratories, 2005


	TABLE 9.  Summary of Effects Reported by Quast et al. (1980a) After 2 Years Exposure to Acrylonitrile by Inhalation

	Effect
	Sex
	0 ppm
	20 ppm
	80 ppm

	Respiratory epithelium hyperplasia in the nasal turbinates
	Male
	0/11
	4/12
	10/10*

	Hyperplasia of the mucous secreting cells
	Male
	0/11
	7/12*
	8/10

	Focal inflammation in the nasal turbinates
	Female
	2/11
	6/10
	7/10*

	Flattening of the respiratory epithelium of the nasal turbinates
	Female
	1/11
	7/10*
	8/10*

	Lung: pneumonia, consolidation, atelectasis or edema
	Male
	14/100
	27/100*
	30/100*

	Lung: pneumonia, consolidation, atelectasis, or edema
	Female
	7/100
	2/100
	7/100

	* Statistically significant difference from controls (p<0.5)


	TABLE 10.  Effect of Acrylonitrile on Nerve Conduction Velocity and Action Potential in Rats Following Inhalation Exposure

	
	End of exposure (24 weeks)
	End of recovery (32 weeks)

	Concentration (ppm)
	MCV (m/s)
	SCV (m/s)
	AMAP (mV)
	ASAP (uV)
	MCV (m/S)
	SCV (m/s)
	AMAP (mV)
	ASAP (uV)

	0
	42.9 (0.9*)
	53.3 (1.0)
	17.8 (1.2)
	186(8)
	44.3 (0.9)
	53.4 (0.6)
	17.2 (1.1)
	189 (11)

	25
	41.6 (0.8)
	50.5 (0.8)**
	16.1 (0.8)
	164 (11)
	40.1 (0.8)
	51.8 (0.8)
	17.4 (1.7)
	167 (11)

	50
	38.1 (0.9)**
	49.1 (0.5)**
	15.7 (1.0)
	159 (5)**
	40.0 (0.8)
	51.3 (1.0)
	16.6 (0.7)
	159 (8)

	100
	38.5 (1.2)**
	48.4 (1.0)**
	17.4 (0.9)
	133 (11)**
	42.1 (1.6)
	50.4 (0.8)
	16.0 (1.6)
	149 (12)**

	*values depict the mean (with the standard error in the mean in parentheses) based on 12 samples
**significantly different from control values 

Gagnaire et al., 1998

MCV = motor nerve conduction velocity; SCV = sensory nerve conduction velocity; AMAP = amplitude for motor nerve action potential; ASAP = amplitude for sensory nerve action potential


	TABLE 11. Effect of Acrylonitrile on Nerve Conduction Velocity and Action Potential in Rats Following Oral Exposure

	
	End of exposure (12 weeks)
	End of recovery (20 weeks) 

	Dose (mg/kg)
	MCV (m/s)
	SCV (m/s)
	AMAP (mV)
	ASAP (uV)
	MCV (m/S)
	SCV (m/s)
	AMAP (mV)
	ASAP (uV)

	0
	36 (0.8)*
	46.6 (0.8)
	10.5 (0.9)
	146 (8)
	41.7 (0.6)
	53.8 (1.5)
	10.8(0.7)
	167 (10)

	12.5
	35.5 (0.8)
	46.7 (0.9)
	9.7 (0.6)
	127 (9)
	40.4 (0.9)
	51.8 (0.9)
	10.6 (10.7)
	157 (9)

	25
	35.1 (0.8)
	44.4 (0.9)
	11.0 (0.9)
	154 (6)
	41.2 (0.6)
	51.3 (0.7)
	11.9 (1.0)
	158 (9)

	50
	33.5 (0.8)
	39.8 (0.6)**
	10.9 (0.7)
	135 (12)
	39.9 (0.7)
	48.1 (0.7)**
	10.7 (1.1)
	126 (12)**

	*values depict the mean (with the standard error in the mean in parentheses) based on 12 samples

**significantly different from control values

Gagnaire et al., 1998

MCV = motor nerve conduction velocity; SCV = sensory nerve conduction velocity; AMAP = amplitude for motor nerve action potential; ASAP = amplitude for sensory nerve action potential


	TABLE 12.  Maternal Toxicity Among Rats Exposed by Inhalation To Acrylonitrile

	Parameter
	Exposure concentration

	
	0 ppm
	40 ppm
	80 ppm

	No. deaths/no. females
	0/40
	0/38
	0/40

	% pregnant (no.)
	88 (35)
	97 (37)
	90 (36)

	Additional pregnancies (detected by stain)
	0
	0
	0

	Body weight gain of dams

g.d. 6-9

g.d. 10-15

g.d. 16-20
	19±5

43±8

82±12
	1±6*

32±14*

84±22
	-5±10*

31±17*

92±15

	Liver weight (g.d. 21)

Abs. (g)

Rel. to b.w. (g/kg)
	16.0±1.8

38.6±2.9
	15.9±1.8

41.3±3.1
	15.3±1.6

40.3±4.3

	Values are expressed as means ± standard deviation

* p<0.05

Murray et al., 1978


	TABLE 13.  Litter Data for Pregnant Rats Exposed to Acrylonitrile Vapor

	Parameter
	Exposure concentration

	
	0 ppm
	40 ppm
	80 ppm

	No. of litters
	33
	36
	35

	Implantations/dam
	13±2
	13±2
	12±3

	Live fetuses/litter
	13±2
	12±2
	12±3

	Resorptions/litter
	0.6±0.7
	0.7±1.1
	0.5±0.6

	Fetal b.w. (g)
	5.79±0.33
	5.72±0.42
	5.90±0.25

	Fetal crown-rumplength (mm)
	43.9±2.1
	43.5±2.2
	43.7±2.2

	Values are expressed as means ± standard deviation

Murray et al., 1978


	TABLE 14.  Incidence of Fetal Malformations Among Litters of Rats Exposed To Acrylonitrile Vapor

	Parameter
	Exposure concentration

	
	0 ppm
	40 ppm
	80 ppm

	No. fetuses/No. litters examined

	External & skeletal malformations
	421/33
	441/36
	406/35

	Visceral malformations
	140/33
	148/36
	136/35

	No. fetuses (litters) affected

	External malformations

Short tail

Short trunk

Imperforate anus

Omphalocele
	0(0)

0(0)

0(0)

0(0)
	0(0)

0(0)

0(0)

1(1)
	2(2)

1(1)

0(0)

1(1)

	Visceral malformations

Right-sided aortic arch

Missing kidney, unilateral

Anteriorly-displaced ovaries
	0(0)

0(0)

0(0)
	0(0)

0(0)

0(0)
	0(0)

0(0)

1(1)

	Skeletal malformations

Missing vertebrae 


(associated with short tail)

Missing two vertebrae and a pair of ribs

Hemivertebra
	0(0)

8(1)

0(0)
	0(6)

2(1)

0(0)
	2(2)

7(2)

1(1)

	Total malformed
	8(1)
	3(2)
	11(6)*

	Values are expressed as means ± standard deviation

*p<0.06

Murray et al., 1978


	TABLE 15.  Reproductive parameters in rats exposed to acrylonitrile vapor on gestation days 6-20.

	Parameter
	0 ppm
	12 pm
	25 ppm
	50 ppm
	100 ppm

	No. deaths of treated females
	0/20
	0/21
	0/21
	0/20
	0/21

	% Pregnant at euthanization 
	100.0
	95.2
	95.2
	90.0
	90.5

	No. examined litters
	20
	20
	20
	18
	19

	Implantations sitesa
	13.65±2.81
	14.80±1.99
	14.40±3.38
	15.11±2.00
	14.37(2.17

	Live fetuses/littera 
	12.30±4.09
	14.00±2.18
	13.85±3.26
	14.50±1.89
	13.63(2.22

	% Non-surviving implants/littera
	10.40±22.75
	5.44±7.38
	3.49±6.10
	3.89±5.37
	4.94(8.33

	% Resorption sites/littera
	10.40±22.75
	5.11±6.46
	3.49±6.10
	3.89±5.37
	4.94(8.33

	Fetal sex ratio (M:F) %
	1.05
	0.96
	1.23
	1.10
	0.96 

	Fetal body weight (g/litter) 

males
females
	5.95±0.28

5.66±0.36
	5.79±0.28

5.51±0.27
	5.64±0.36**

5.37±0.28*
	5.54±0.24**

5.18±0.25**
	5.04±0.36**

4.90±0.49**

	Values are expressed as mean ± standard deviation

* p<0.05; **p<0.01

Saillenfait et al., 1993a


	TABLE 16. Tumor Type And Incidence Data For Rats Exposed to Acrylonitrile  Vapor

	Exposure

Concentration (ppm)
	Zymbal Gland Carcinoma
	Tongue Papilloma/

Carcinoma
	Mammary Gland Fibroadenoma
	Small Intestine Cystadeno-carcinoma
	Brain astrocytoma

	Males

	0
	1/100
	1/96
	‑
	2/99
	0/100

	20
	3/100
	0/14
	‑
	2/20
	4/99

	80
	11/100*
	7/89*
	‑
	14/98*
	15/99*

	Females

	0
	0/100
	‑
	79/100
	‑
	0/100

	20
	0/100
	‑
	95/100*
	‑
	4/100*

	80
	10/100*
	‑
	75/100
	‑
	17/100*

	*Significantly different from control group (p<0.05)

Quast et al., 1980a


	TABLE 17.  Tumors Observed in Rats Administered Acrylonitrile in Drinking Water for up to 2 Years (Quast et al., 1980b)

	Organs affected by tumor
	Dose levels showing statistically significant elevations in tumor incidence

	Central nervous system
	35, 100, and 300 ppm (male & female)

	Zymbal gland
	35, 100, and 300 ppm (female)

300 ppm male

	Stomach (non-glandular)
	100 and 300 ppm (male & female)

	Tongue
	300 ppm (male and female)

	Small intestine
	35 and 300 ppm (male)

100 and 300 ppm (female)

	Mammary gland

Malignant

Total number of rats with mammary gland tumor, malignant and benign combined  
	300 ppm (female)

35 and 300 ppm (female)

	  


	TABLE 18.  Tumors Observed in Rats Administered Acrylonitrile in Drinking Water for 2 Years* (Gallagher et al., 1988)

	Site of tumor
	Number of animals with tumors at increasing dose levels of acrylonitrile (ppm)

	
	0
	20
	100
	500

	Blood (lymphoproliferation)
	1
	0
	0
	0

	Soft tissue
	1
	1
	5
	1

	Forestomach
	0
	0
	0
	4

	Zymbal gland
	0
	0
	1
	9

	Pituitary
	5
	3
	1
	0

	Pancreas
	1
	0
	2
	0

	Kidney
	0
	0
	0
	1

	Parathyroid
	1
	1
	0
	1

	Skin
	0
	0
	2
	1

	* 20 rats per group per concentration of acrylonitrile 


	TABLE 19. Incidence of Tumors in Rats Administered Acrylonitrile in Drinking Water up to 2 Years (Biodynamics, 1980a)

	Tumor site and type
	Male rats, dose level in mg/kg/day

	
	0
	0.08
	0.25
	0.84
	2.49
	8.36

	Brain/spinal cord, astrocytoma
	3/200
	2/100
	1/100
	2/100
	10/99
	21/99

	Zymbal gland, carcinoma
	1/189
	0/97
	0/93
	2/88
	5/94
	8/93

	Tumor site and type
	Female rats, dose level in mg/kg/day

	
	0
	0.12
	0.36
	1.25
	3.65
	10.89

	Brain/spinal cord, astrocytoma
	199
	1/100
	2/100
	4/100
	6/99
	24/99

	Zymbal gland, carcinoma
	93
	0/94
	1/92
	2/90
	2/94
	7/86


	TABLE 20.  Acute Toxicity of Acrylonitrile by Inhalation and Oral Exposure

	Species
	Route
	Toxicity

	Mouse
	Inhalation
	LC50 136 ppm (300 mg/m3) – 4 hr

	Rat
	Inhalation
	LC50 214 ppm (470 mg/m3) – 4 hr

	Rat
	Inhalation
	LC50 333 ppm (733 mg/m3) – 4 hr

	Rat
	Inhalation
	LC50 468 ppm (1,030 mg/m3) – 4 hr

	Rat 
	Inhalation
	LC50 550 ppm (1,210 mg/m3) – 4 hr

	Rat
	Inhalation
	LC50 946 ppm (2081 mg/m3) – 4 hr

	Guinea pig
	Inhalation
	LC50 450 ppm (990 mg/m3) – 4 hr

	Mouse
	Oral
	LD50 28-48 mg/kg

	Guinea pig
	Oral
	LD50 50-85 mg/kg

	Rat
	Oral
	LD50 72-186 mg/kg

	Rabbit
	Oral
	LD50 93 mg/kg


	TABLE 21.  Summary of Inhalation Subchronic and Chronic Studies with Acrylonitrile

	Reference
	Animal
	Length of exposure
	Concentration (ppm)
	Effects
	NOAEL/LOAEL

	Gut et al., 1984, 1985
	Rat
	5 days
	129
	Diarrhea, unsteady gait, sig. decreases in body weight, decreases in relative liver weight
	129 ppm (LOAEL)

	Bhooma et al., 1992
	Rat
	5 days
	100
	Elevation in procoagulant activity in lavage fluid
	100 ppm (LOAEL)

	Murray et al., 1978
	Rat
	10 days (GD 6-15)
	0, 40, 80
	Fetal malformations
	40 ppm (NOAEL)/80 ppm (LOAEL)

	Saillenfait et al., 1993a
	Rat
	15 days (GD 6-20)
	0, 12, 25, 50, 100
	Reduction in fetal weight
	12 ppm (NOAEL)/25 ppm (LOAEL)

	Dudley et al., 1942
	Rhesus monkey

Dog

Cat

Rabbit

Rat
	8 weeks

8 weeks

8 weeks

8 weeks

8 weeks
	56 

56 

56 

100 

100
	None

One died after 1st exposure, one had transient paralysis of hind limbs 

Vomiting, lethargy, weight loss, one died after 11th exposure

Drowsy, did not gain weight

Lethargy
	56 ppm (NOAEL)

56 ppm (LOAEL)

56 ppm (LOAEL)

100 ppm (LOAEL)

100 ppm (LOAEL)

	Quast et al., 1980a
	Rat
	6 months

12 months

2 years


	0, 20, 80

0, 20, 80

0, 20, 80


	Sig. decrease in body weight in females (after 1st month)

Minimal irritative effects in nasal turbinates

Minimal irritative effects in nasal turbinates

Alterations in respiratory epithelium
	20 ppm (LOAEL)

20 ppm (LOAEL)

20 ppm (LOAEL)

20 ppm (LOAEL)



	Gagnaire et al., 1998
	Rat
	24 weeks
	0, 25, 50, 100
	Mean body weight sig. below control (at week 4)

Wet hair, salivation (at week 1 & 2)

Decreases in nerve conduction velocities & action potential
	50 ppm (NOAEL)/100 ppm (LOAEL)

25 ppm (NOAEL)/50 ppm (LOAEL)

100 ppm (LOAEL)

	Maltoni et al., 1977, 1988
	Rat
	52 weeks
	0, 5, 10, 20, 40
	None
	40 ppm (NOAEL)

	Maltoni et al., 1988
	Rat
	104 weeks
	60
	None
	60 ppm (NOAEL)

	GD = gestation day


	TABLE 22.  Summary of Oral Subchronic and Chronic Studies with Acrylonitrile

	Reference
	Animal
	Length of exposure (route)
	Concentration (mg/kg/day)
	Effects
	NOAEL/LOAEL

	Silver et al., 1982
	Rat
	1-3 days (gavage)

21 days (drinking water)
	50, 75, 100, 150 mg/kg

100, 500 ppm
	Death (females)

Death (males) 

No effects on liver
	75 mg/kg (NOAEL)/100 mg/kg (LOAEL)

100 mg/kg (NOAEL)/150 mg/kg (LOAEL)

500 ppm (NOAEL) 

	Working et al., 1987
	Rat
	5 days (gavage)
	45, 60, 68, 75, 90 mg/kg
	Death

Significant decreases in body weight


	60 mg/kg (NOAEL)/68 mg/kg (LOAEL)

45 mg/kg (NOAEL)/60 mg/kg (LOAEL)

	Hamada et al., 1998
	Mice
	5, 10, 15 days (gavage)
	2.7 mg/kg
	Increase in number of cells producing IgA
	2.7 mg/kg (LOAEL)

	Murray et al., 1978
	Rat
	10 days (GD 6-15) (gavage)
	0, 10, 25, 65 mg/kg
	Reduction in incidence of pregnancy, decreased fetal body weight, significant increase in fetuses with short tails and missing vertebrae
	25 mg/kg (NOAEL)/65 mg/kg (LOAEL)

	Mehrotra et al., 1988
	Rat
	17 days (GD 5-21) (gavage)
	0, 5 mg/kg
	No developmental effects 
	5 mg/kg (NOAEL)

	Abdel Naim et al., 1994; Abdel Naim, 1995
	Rat
	2, 4 weeks (gavage)
	11.5, 23, 46 mg/kg
	Decreased sperm count, spermatid motility
	11.5 mg/kg (LOAEL)

	Szabo et al., 1984
	Rat
	2 weeks – 60 days (drinking water & gavage)
	0, 1, 20, 100, 500, 2,000 ppm (0, 0.2, 4.0, 20, 60, 100 mg/kg)
	Decreased adrenal weights, atrophy in adrenal cortex, enlarged kidneys, decrease in plasma corticosterone, regional hyperplasia in gastric mucosa
	20 ppm (4 mg/kg) NOAEL)/100 ppm (20 mg/kg) (LOAEL)

	Ghanayem et al., 1997
	Rat
	6 weeks (gavage)
	0.22, 0.43 mmol/kg
	Increase in epithelial cell proliferation in forestomach
	0.22 mmol/kg (LOAEL)

	Humiston and Frauson, 1975
	Rat
	90 days (drinking water)
	10, 22, 42 mg/kg
	Reduced water consumption, increased liver weight
Growth retardation (females) 

Growth retardation (males)
	10 mg/kg (LOAEL)

10 mg/kg (NOAEL)/22 mg/kg (LOAEL)

22 mg/kg (NOAEL)/42 mg/kg (LOAEL)

	Barnes, 1970
	Rat
	7 weeks (gavage)
	30, 50, 75 mg/kg
	None
	75 mg/kg (NOAEL)

	Tandon et al., 1988
	Mice 
	60 days (gavage)
	1, 10 mg/kg
	Testicular damage, decrease in sperm count
	1 mg/kg (NOAEL)/10 mg/kg (LOAEL)

	Quast et al., 1975
	Dog
	180 days (drinking water)
	100, 200, 300 mg/L
	Death, vomiting, lethargy, weakness
	100 mg/L (NOAEL)/200 mg/L (LOAEL)

	Gagnaire et al., 1998
	Rat
	12 weeks (gavage)
	12.5, 25, 50 mg/kg
	Hindlimb weakness, changes in peripheral nerve conduction velocity
	25 mg/kg (NOAEL)/50 mg/kg (LOAEL)

	Serota et al., 1996
	Mice
	90 days (gavage)
	1.2, 2.4, 4.8, 9.6, 12.0 mg/kg
	None
	12.0 mg/kg (NOAEL)

	NTP, 2001
	Mice
	14 weeks (gavage)
	0, 5, 10, 20, 40, 60 mg/kg
	Decrease in leukocyte and lymphocyte counts (males), mean body weight gain decrease (males)
	10 mg/kg (NOAEL)/20 mg/kg (LOAEL)

	Maltoni et al., 1977
	Rat
	52 weeks (gavage)
	5 mg/kg
	None
	5 mg/kg (NOAEL)

	Biodynamics, 1980a
	Rat
	2 years (drinking water)
	1, 3, 10, 30, 100 ppm 
	Increase in alkaline phosphatase activity (females)
	3 ppm (NOAEL)/10 ppm (LOAEL)

	Biodynamics, 1980b
	Rat
	20 months (drinking water)
	0, 1, 100 ppm
	Death, significant decrease in body weight
	1 ppm (NOAEL)/100 ppm (LOAEL)

	Biodynamics, 1980c
	Rat
	19-20 months (gavage)
	0, 0.1, 10 mg/kg
	Reduced body weight
	0.1 mg/kg (NOAEL)/10 mg/kg (LOAEL)

	Quast et al., 1980b
	Rat
	2 years (drinking water)
	0, 35, 85, 210 ppm (1st 21 days), 0, 35, 100, 300 ppm (rest of study)
	Reduced body weight gain, decrease in food and water consumption
	35 ppm (LOAEL)

	Gallagher et al., 1988
	Rat
	2 years (drinking water)
	0, 20, 100, 500 ppm
	Death
	100 ppm (NOAEL)/500 ppm (LOAEL)

	Bigner et al., 1986
	Rat
	2 years (drinking water)
	100, 500 ppm 
	Paralysis, circling, seizures
	100 ppm (LOAEL)

	Beliles et al., 1980
	Rat
	3-generation (drinking water)
	0, 100, 500 ppm
	Reduced body weight gain, reduction in viability index and body weight of pups
	100 ppm (NOAEL)/500 ppm (LOAEL)

	Friedman and Beliles, 2002
	Rat
	3-generation (drinking water)
	0, 100, 500 ppm
	Reduction in pup survival, decrease in viability and lactation ratio
	100 ppm (NOAEL)/500 ppm (LOAEL)

	GD = gestation day


	TABLE 23: SUMMARY OF PAL VALUES FOR ACRYLONITRILE

	PAL
	Oral Exposures (mg/L)
	Inhalation (ppm)
	Endpoint

 (Ref.)

	
	24 hr

(UF)
	30 d
(UF)
	90 d

(UF)
	2 yr

(UF)
	24 hr

(UF)
	30 d
(UF)
	90 d

(UF)
	2 yr

(UF)
	

	PAL-1


	7 

(100)
	0.35 

(30)
	0.35 

(30)
	0.35

(30)
	0.17

(10)
	0.15

(30)
	0.15

(30)
	0.014 

(30)
	ORAL: 

24-hr: Rats administered 20 mg/kg/day via gavage showed clinical signs of central nervous system effects (Ghanayem et al., 1991)

30-da: Adopt 2-year value
90-da: Adopt 2-year value

2-yr: No effects were noted in rats administered 3 ppm in the drinking water for 2 years (Biodynamics, 1980a) 

INHALATION: 

24-hr: No effects reported in volunteer subjects exposed to 4.6 ppm for 8 hours (Jakubowski et al., 1987)

30-da: No effects were noted in rats exposed to 25 ppm for 24 weeks (Gagnaire et al., 1998) 

90-da: Adopt 30 day value

2-yr : Irritation, headaches, and weakness were reported in workers exposed to 1.8 ppm for 5.6-8.6 years (Kaneko and Omae, 1992)

	PAL-2


	23 

(30)
	7

(100)
	7 

(100)
	3.5

(100)
	3.5

(30)
	0.60

(30)
	0.60

(30)
	0.12 

(30)
	ORAL: 

24-hr: Rats administered 20 mg/kg/day via gavage showed clinical signs of central nervous system effects (Ghanayem et al., 1991)

30-da: A decrease in liver weight and enlarged kidneys were reported in rats exposed to 100 ppm in drinking water for 1 week to 60 days (Szabo et al., 1984)

90-da: Adopt 30-day value 

2-yr: 100 ppm was threshold for neurological effects, including paralysis, head tilt, circling, and seizures in rats exposed to higher concentrations in drinking water for 2 years (Bigner et al., 1986)   

INHALATION: 

24-hr: Exposure for rats to 539 ppm for 4 hours resulted in clinical signs including vocalization upon handling (Wil Research Laboratories, 2005) 

30-da: Changes in body weight and nerve conduction were noted in rats exposed to 100 ppm for 24 weeks (Gagnaire et al., 1998)
90-da: Adopt 30-day value

2-yr : Administration of 20 ppm to rats for 2 years resulted in  changes in the respiratory epithelium of the nasal turbinates (Quast et al., 1980a)

	PAL-3


	88 

(30)
	17

(30)
	17

(30)
	12

(30)
	5.1

(30)
	NR
	NR


	NR


	ORAL: 

24-hr: 75 mg/kg/day was the highest nonlethal dose in rats administered acrylonitrile by gavage for 1-3 days (Silver et al., 1982)
30-da: Adopt 90-day value
90-da: 20 mg/kg/d was the highest nonlethal dose in rats administered acrylonitrile by gavage for 14 weeks (NTP, 2001)

2-yr: 100 ppm was the highest nonlethal dose in rats administered acrylonitrile in the drinking water for 2 years (Gallagher et al., 1988)   

INHALATION: 

24-hr: 775 ppm was the highest nonlethal dose in rats exposed for 4 hours (Wil Research Laboratories, 2005) 

30-da: N/A 

90-da: N/A
2-yr: N/A
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Figure 1.  Exposure-response array for acrylonitrile showing available data and derived Oral PALs.
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Figure 2.  Exposure-response array for acrylonitrile showing available data and derived Inhalation PALs.
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