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Air Toxics "Hot Spots” Program Risk Assessment
Guidelines

Part I: Technical Support Document for The Determination of
Acute Reference Exposure Levels for Airborne Toxicants
The Office of Environmental Health Hazard Assessment (OEHHA)

is releasing to the public the Technical Support Document for The
Determination of Acute Reference Exposure Levels for Airborne
Toxicants as part of the Air Toxics "Hot Spots” Program Risk
Assessment Guidelines. In 1992, Senate Bill (SB) 1731 amended
the Air Toxics "Hot Spots” Information and Assessment Act of
1987 (Assembly Bill 2588 as codified in Health and Safety Code
Section 44300 et seq.) to require OEHHA to prepare risk
assessment guidelines for facilities subject to the Act. SB 1731
also requires OEHHA to conduct public workshops and seek
review and comment by the public, regulated community, and the
Scientific Review Panel on Toxic Air Contaminants prior to formal
adoption of the guidelines. The original FINAL (January 1995) of
this document went through a 90-day public comment period. The
Scientific Review Panel draft (October 1998) went through a 30
day public comment period and was reviewed by the Panel at its
meetings on December 2, 1998, January 15, 1999 and February
10, 1999. The Panel approved the document at their February 10,
1999 meeting.

The document contains reviews of the acute health effects for 51
chemical contaminants and recommends acute Reference
Exposure Levels (RELs) for each chemical based on the most
appropriate and sensitive adverse health effect. The 51 chemicals
are a portion of the 450 chemicals for which emissions must be
quantified under the Hot Spots Statute. The reader will find a
heavy emphasis on the utilization of available human data, with
two-thirds of the acute RELs based on observed human health
outcomes. In addition, traditional 10-fold default values for
uncertainty factors for the RELs have been reduced in specific
cases due to scientific improvements in considering the
extrapolation of the LOAEL to a NOAEL, while also considering
the severity of the health effects involved.

The REL document is available for download in sections as
Adobe Acrobat PDF files. You will need the FREE program
Acrobat Reader to view or print these files.
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Acute Reference Exposure Levels Summary Table and Table of
Hazard Index Target Organs is available also as an HTML file.

View the summary table.
You must download all 6 files to have the entire document.

Download the FINAL REL document, including appendices A and
B.

Due to size Appendix C, Acute Toxicity Summaries, is in 4
sections.

Download chemicals A-C

Download chemicals D-L

Download chemicals M-O

Download chemicals P-Z

Download Appendices D, E and F
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ACUTE TOXICITY SUMMARY
TOLUENE
{methyl benzene, methyl benzol, phenyl methane, toluol)
CAS Registry Number: 108-88-3
L Acute Toxicity Summary (for a 1-hour exposure)

Inhalation reference exposure level 37,000 ng/m?
Critical effect(s) headache, dizziness, slight eye and nose irritation
Hazard Index target(s) Nervous System; Eyes; Respiratory System;

Reproductive/developmental

IL. Physical and Chemical Properties (HSDB, 1993 except as noted)

Description colorless liquid
Molecular formula C-Hg
Molecular weight 92.13
Density | 0.861 glem® @ 25°C (Low et al, 1988)
Boiling point 111°C
Melting point -95°C
Vapor pressure 28.1 mm Hg @ 25°C (USEPA, 1984)
Flashpoint 4° C, closed cup
Explosive limits upper = 7%
lower =1.27%
Solubility miscible in organic solvents
Odor threshold 1.6 ppm (geometric mean) (AIHA, 1989)
Odor description sour, burnt (ATHA, 1989)
Metabolites hippuric acid
Conversion factor 1 ppm =3.75 mg/m?* @ 25°C

III. Major Uses or Sources

Toluene occurs naturally as a component of crude oil and is produced in petroleum refining and
coke oven operations. It is used in household aerosols, nail polish, paints and paint thinners,
lacquers, rust inhibitors, adhesives, and solvent based cleaning agents. Toluene is also used in
printing opetations, leather tanning, and chemical processes. Benzene and other polycyclic
aromatic hydrocarbons (PAHSs) are common contaminants of toluene. Toluene is considered a
sentinel chemical for benzene exposure. '

IV.  Acute Toxicity to Humans
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Dysfunction of the central nervous system and narcosis are the major effects of acute exposure to
toluene (ATSDR, 1989). Irritation of the skin, eye, and respiratory tract can also result.
Inhalational abuse of toluene with high level exposure for long periods of time has produced

progressive and irreversible changes in brain structure and function (Spencer and Schaumberg,
1985).

Two separate workplace incidents involving acute inhalation exposure to toluene in several
workers resulted in effects of euphoria, drunkenness, dizziness, nausea, confusion, incoordination,
drowsiness, and loss of consciousness (Longley et al., 1967). The toluene concentrations were
estimated at 10,000 to 30,000 ppm (40,000 to 110,000 mg/m?) although no actual measurements
were made. No long-term follow-up of the exposed workers was conducted.

Reaction time and perceptual speed were studied in 12 young male subjects exposed by inhalation
to toluene concentrations ranging from 100 to 700 ppm (400 to 3,000 mg/m?), each for a 20-
minute interval (Gamberale and Hultengren, 1972). Statistically significant impaired reaction time
was apparent following exposure to 300 ppm (1,000 mg/m?) toluene. A statistically significant

impairment in perceptual speed was observed at 700 ppm toluene. No effects were observed at
100 ppm.

Two groups of middle aged workers, one with previous occupational exposure to solvents and
one without, were exposed once to 100 ppm (400 mg/m?) of toluene for 6.5 hours (Baelum et ai.,
1985). Fatigue, sleepiness, a feeling of intoxication, and eye, nose and throat irritation were
reported. Decrements in manual dexterity, color discrimination, and accuracy in visual perception
were also observed. Greater sensitivity to toluene was noted for those subjects with previous
solvent exposure.

Nasal mucus flow, lung function, psychometric performance, and subjective responses were
studied in 16 young healthy males exposed to toluene concentrations ranging from 10 to 100 ppm
(40 mg/m?® to 400 mg/m?) for 6 hours (Andersen et al, 1983). Headaches, dizziness, a feeling of
intoxication, and slight eye and upper respiratory irritation were reported at 100 ppm. The
subjects also reported that it became more difficult to participate in the battery of psychometric
tests and that their reaction time felt impaired at 100 ppm. No significant objective changes
compared to control exposures were observed in the performance test results. No symptoms
were reported at 10 and 40 ppm.

A battery of neurobehavioral and performance tests was conducted among 42 young men and
women exposed by inhalation for 7 hours to 0, 75, and 150 ppm (0, 280, and 560 mg/m?) toluene
{Echeverria et al., 1989). Statistically significant decrements in visual short term memory, visual
perception, and psychomotor skills were observed at 150 ppm compared to control exposures. A
dose-dependent increase in subjective symptoms of headache and eye irritation was also observed.

Wilson (1943) reported that workers exposed to concentrations of commercial toluene ranging

from 50 to 200 ppm (200 to 750 mg/m?) for periods of 1 to 3 weeks experienced headaches,
lassitude, and loss of appetite. At 200 to 500 ppm (750 to 2,000 mg/m?®), symptoms of nausea,
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bad taste in the mouth, slightly impaired coordination and reaction time, and temporary memory
loss were also observed. Exposure to 500 to 1,500 ppm (2,000 to 5,600 mg/m®) resulted in
palpitations, extreme weakness, pronounced loss of coordination, and impaired reaction time.
Red blood cell counts were decreased and there were 2 cases of aplastic anemia. The
hematologic effects were most likely caused by benzene impurities (ACGIH, 1986).

Three volunteer subjects exposed by inhalation to toluene concentrations ranging from 50 to 100
ppm (200 to 400 mg/m?), § hours per day, 2 times per week over 8 weeks experienced fatigue,
drowsiness, and headaches (von Oettingen ef al., 1942). At 200 to 800 ppm (750 to 3,000
mg/m?), symptoms of muscular weakness, confusion, impaired coordination, paresthesia, and
nausea were also reported. After exposure to 800 ppm, all 3 subjects reported considerable after-
effects (severe nervousness, muscular fatigue, and insomnia) lasting several days.

Predisposing Conditions for Toluene Toxicity

Medical: Since toluene is metabolized by the liver, persons with liver disease may be
sensitive to its acute effects (ATSDR, 1993). Persons with preexisting neurologic
or heart disease may also be at increased risk for adverse effects resulting from
exposure to toluene (Reprotext, 1999).

Chemical:  Because salicylates and alcohol competitively inhibit toluene metabolism,
concurrent use of these substances may increase susceptibility to toluene toxicity
(ATSDR, 1993). Persons using over-the-counter bronchial dilators containing
epinephrine might be more sensitive to arrhythmogenic effects (Reprotext, 1999).

V. Acute Toxicity to Laboratory Animals

The 1-hour LCjs, for toluene in the rat is 26,700 ppm (100,000 mg/m®) (Pryor et al, 1978). The
6~hour LCss in rats and mice are 4,618 ppm (17,320 mg/m?) and 6,949 ppm (26,060 mg/m?),
respectively (Bonnet ef al., 1982). The 8-hour LCs; 18 5,300 ppm (19,900 mg/m?®) in the mouse
(Svirbely et al, 1943).

Attention deficits and impairment of visual-motor abilities were observed in 6 macaque monkeys
exposed by inhalation for 50 minutes to 2,000-4,500 ppm (7,500-17,000 mg/m?) toluene (Taylor
and Evans, 1985). Expired carbon dioxide increased in a dose-dependent manner from 100 to
3,000 ppm (400 to 11,000 mg/m?*). The investigators stated that changes in expired carbon
dioxide may provide evidence of combined behavioral, respiratory, sensory, and metabolic effects.

Dose-dependent decreases in behavioral performance and central nervous system depression were
observed in mice and rats exposed by inhalation to toluene at concentrations ranging from 2,600 -
to 12,000 ppm (9,800 to 45,000 mg/m?) for up to 3 hours (Bruckner and Peterson, 1981).
Younger animals were more susceptible to toluene toxicity and mice were more sensitive than rats
of the same age.
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Kishi et al. (1988) used the shock avoidance response test to study behavioral effects in rats,

Inhalation exposure to 125 ppm (469 mg/m?) toluene for 20 minutes resulted in a considerable
decrease in the effective avoidance response rate.

Hearing loss was observed in rats after exposure to 1,000 ppm (4,000 mg/m?) toluene, 14 hours
per day for 2 weeks (Pryor et al., 1984).

V1. Reproductive or Developmental Effects

Toluene is listed under the California Proposition 65 (Cal/EPA, Safe Drinking Water and Toxic
Enforcement Act of 1986) as a developmental toxicant. Most of the information concemning the
adverse developmental effects of toluene in humans comes from case reports among children of
deliberate toluene “sniffers.” Children whose mothers had inhaled large quantities of toluene
during pregnancy were found to have microencephaly, facial and limb abnormalities, attention
deficits, hyperactivity, developmental delay with greater language impairment, and growth
retardation (Hersch ef al., 1985; Hersch, 1989). Multiple solvent and/or other substance abuse
may have contributed to the observed abnormalities. Growth retardation, craniofacial
abnormalities, and hyperchloremic acidosis were observed in the children of women with severe
renal tubular acidosis induced by chronic paint sniffing (Goodwin, 1988). Preterm delivery,
perinatal death, and growth retardation were significantly increased among 21 newborns exposed
to toluene as a result of maternal inhalation abuse (Wilkins-Haug and Gabow, 1991). A case-
referent study of women occupationally exposed to organic solvents, including toluene, reported
increased incidences of urogenital, gastrointestinal, and cardiac anomalies in their children
(McDonald ef al., 1987). Although toluene was considered to be the most likely teratogenic
agent, concurrent exposures to other developmental toxicants make this conclusion difficult to
support.

There are several animal studies of varying quality on the reproductive and developmental toxicity
of toluene. A complete review of the developmental toxicology of toluene is available (Donald et
al., 1991). Selected studies are summarized below.

Shigeta ez al. (1982) reported statistically significant increases in the number of fetal resorptions
-observed in the offspring of mice exposed by inhalation to 100 ppm (400 mg/m?®) toluene for 6
hours per day on days 1-17 of gestation. Exposure at 1,000 ppm (4,000 mg/m®) resulted in a
statistically significant increase in the incidence of extra ribs. '

A statistically insignificant increased incidence of extra ribs was observed in rats exposed by
inhalation to 1,000 mg/m?® toluene for 24 hours per day on days 7-14 of gestation (Tatrai e al.,
1980). Fused sternebrae and extra ribs were observed in rats exposed to 400 ppm (1,500 mg/m®
toluene for 24 hours per day on days 9-14 of gestation (Hudak and Ungvary, 1978). Skeletal
retardation was observed in rats exposed to 266 ppm (1,000 mg/m®) toluene for 8 hours per day
on days 1-21 of gestation and to 400 ppm (1,500 mg/m®) 24 hours per day on days 1-8. This
same group exposed mice to 400 ppm (1,500 mg/m?) or to 133 ppm (500 mg/m?) toluene for 24
hours per day on days 6-13 of gestation. All dams died at the higher dose and a statistically
significant decrease in fetal weight was observed at the lower dose.
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Skeletal retardations were observed in the offspring of pregnant rabbits exposed by inhalation to

concentrations of toluene ranging from 30 to 300 ppm (100 to 1,000 mg/m?), 6 hours per day on
days 6-18 of gestation (Klimisch et al., 1992). These results were not dose-dependent and were

not reproduced in two additional groups of rabbits exposed to 100 and 500 ppm (400 and 2,000

mg/m?) toluene.

A statistically significant increase in the number of animals showing a 13/13 rib profile (which is
considered normal) was observed in mice exposed to 400 ppm (1,500 mg/m?) toluene, 7 hours per
day on days 7-16 of gestation (Courtney e? a/., 1986). An increased number of resorptions was
observed in mice exposed to 400 ppm toluene on days 6-15 of gestation (Gleich and Hofman,
1983); the daily exposure duration was not specified.

These preceding animal studies support the association between toluene exposure and effects on
somatic development of the fetus. However, the value of these studies is limited by issues such as
unknown or unconventional exposure durations, inadequate descriptions of maternal toxicity, use
of individual offspring instead of litters for statistical analyses, and purity of toluene used (Donald
et al., 1991).

The best available study relating toluene exposure and retardation of somatic development is one
in which adult rats of 2 generations were exposed for 6 hours per day to 0, 100, 500 or

2,000 ppm (0, 375, 1,875, or 7,500 mg/m?) toluene during an 80-day premating period and a 15
day mating period (IRDC, 1985). Adult females of both generations were also exposed on days
1-20 of gestation and on days 5-21 of lactation. The mean body weights of fetuses of both
generations of dams exposed to 2,000 ppm were significantly decreased compared to controls.
No maternal toxicity was reported. Exposure at this level to the male parent only did not result in
any adverse effects. The NOAEL for fetotoxic effects in this study was 500 ppm.

In a recent teratogenicity study by inhalation, Ono et al. (1995) exposed pregnant Sprague-
Dawley rats to 600 or 2000 ppm toluene for 6 h/day from day 7 to day 17 of pregnancy. The
control group inhaled “conditioned” clean air. Maternal exposure to 2000 ppm caused significant
toxic effects such as body weight suppression in dams and offspring, high fetal mortality, and
embryonic growth retardation. However, no external, internal, or skeletal anomalies were
observed in the fetuses of any treated group. In addition, there were no differences in the results
of pre- and post-weaning behavioral tests of the offspring. No changes which could be related to
toluene were apparent in the 600 ppm group. Thus 600 ppm is a NOAEL is this study.

VIL. Derivation of Acute Reference Exposure Level and Other Severity Levels
(for a 1-hour exposure)

Reference Exposure Level (protective against mild adverse effects): 9.8 ppm (37,000 pg/m?)
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Study Andersen et al., 1983

Study population 16 young, healthy males

Exposure method inhalation

Critical effects impaired reaction time and symptoms of headache,

dizziness, a feeling of intoxication and slight eye
and nose irritation

LOAEL 100 ppm
NOAEL 40 ppm
Exposure duration 6 hours

Extrapolated 1 hour concentration 98 ppm (40°ppm* 6 h=C>* 1 h)
(see Table 12 for information on “n”)

LOAEL uncertainty factor 1

Interspecies uncertainty factor 1

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 10

Reference Exposure Level 9.8 ppm (37 mg/m?; 37,000 ng/m?)

Level Protective Against Severe Adverse Effects

In a 2-generation study, adult rats were exposed for 6 hours per day to 0, 100, 500, or 2,000 ppm
(0, 375, 1875, or 7,500 mg/m?®) toluene during an 80-day premating period and 2 15 day mating
period (Intemational Research and Development Corporation, 1985). Adult females of both
generations were also exposed on days 1-20 of gestation and on days 5-21 of lactation. The mean
body weights of fetuses of both generations of dams exposed to 2,000 ppm were significantly
decreased compared to controls. No maternal toxicity was reported. The NOAEL for fetotoxic
effects in this study was 500 ppm. The NOAEL reported in the study, a chronic exposure study,
was in the same concentration range as the LOAELSs reported in other acute exposure studies
addressing reproductive and developmental toxicity, summarized above. However, because the
IRDC study was judged to be methodologically the most sound of all the studies considered for
this endpoint (Donald ef al., 1991), it was chosen as the basis for the severe adverse effect level.
An uncertainty factor of 100 was applied to the NOAEL to account for animal to human
extrapolation and for intraindividual variability. The 6-hour exposure serves as the basis for the
level protective against severe adverse effects. This yields a 6-hour level protective against severe
adverse effects of 5 ppm (19 mg/m?).

Level Protective Against Life-threatening Effects
No recommendation is made due to the limitations of the database.

NIOSH (1995} reports an IDLH for toluene of 500 ppm. According to NIOSH, “It has been
reported that extreme fatigue, mental confusion, exhilaration, nausea, headache and dizziness
resulted from exposures to 600 ppm by the end of 3 hours [von Oettingen et al. 1942]. In
addition, the following observations have been made: some workers will tolerate concentrations
ranging up to 200 ppm for 6 to 8 hours daily with no demonstrable ill effects; 200 to 500 ppm for
6 to 8 hours will cause tiredness and lassitude in most workers; and concentrations over 500 ppm
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for 1 to 3 hours are definitely dangerous and will cause symptoms attributable to depression of the
central nervous system and the bone marrow [Wilson 1943]. It has also been reported that
exposure to concentrations greater than 4,000 ppm for more than 5 minutes might limit self
rescue ability [ANSI 1973]. After 20 minutes, exposures to concentrations at 300, 500, or 700
ppm resulted in significant increases in reaction times; a significant decrease in perceptual speed
resulted after a 20-minute exposure to 700 ppm [Gamberale and Hultengren 1972]. .... The
revised IDLH for toluene is 500 ppm based on acute inhalation toxicity data in humans
[Gamberale and Hultengren 1972; von Oettingen ef al. 1942; Wilson 1943].” Based on its
documentation, the IDLH of 500 ppm, designed for a 30 minute exposure, does not appear to be
low enough to protect the general public, especially sensitive individuals, from life-threatening
effects for 1 hour. Therefore, no recommendation for a level protective against life-threatening
effects is made at this time.

VII. References

(ATSDR) Agency for Toxic Substances and Disease Registry. Cases in environmental medicine:
toluene toxicity. Atlanta (GA): US Dept of Health and Human Services; 1993.

(ATSDR) Agency for Toxic Substances and Disease Registry. Toluene. Atlanta (GA): US Public
Health Service; 1989.

(ACGIH) American Conference of Governmental Industrial Hygienists. Documentation of the
Threshold Limit Values. 5th ed. Cincinnati (OH): ACGIH; 1986. p. 578-579.

(ATHA) American Industrial Hygiene Association. Odor thresholds for chemicals with established
occupational health standards. Akron (OH): AIHA; 1989. p. 29.

(ANSI) American Natmnal Standards Institute. American National Standard, Acceptable
concentrations of toluene. New York (NY): ANSI; 1973, p. 6.

Andersen MD, Lundqvist GR, Mothave L, Pedersen OF, Proctor DF, Vaeth M, et al. Human

response to controlled levels of toluene in six-hour exposures. Scand J Work Env1ron Health
1983;9:405-418.

Baelum J, Andersen LB, Lundqvist GR, Molhave L, Pedersen OF, Vaeth M, et al. Response of
solvent-exposed printers and unexposed controls to six-hour toluene exposure. Scand J Work
Environ Health 1985;11:271-280.

Bonnet P, Morelle Y, Raoult G, Zissu D, Gradiski D. Determination of the median lethal
concentration of the main aromatic hydrocarbon in rats. Arch Mal Prof Med Trav Secur Soc
1982;43:261-265 [cited in NRC, 1987].

Bruckner JV, Peterson RG. Evaluatlon of toluene and acetone inhalation abuse. L. Pharmacology
and pharmacodynamics. Toxicol Appl Pharmacol 1981;61:27-38.

C-331 - Toluene



Determination of Acute Reference Exposure Levels for Airborne Toxicants
March 1999

Courtney KD, Andrews JE, Springer J, Menache M, Williams T, Dalley L, et al. A perinatal study
of toluene in CD-1 mice. Fundam Appl Toxicol 1986;6:145-154.

Donald JM, Hooper K, Hopenhayn-Rich C. Reproductive and developmental toxicity of toluene:
A review. Environ Health Perspect 1991;94:237-244.

Echeverria D, Fine L, Langolf G, Schork A, Sampaio C. Acute neurobehavioral effects of
toluene. BrJ Ind Med 1989;46:483-495.

Gamberale F, Hultengren M. Toluene exposure. II Psychophysiological functions. Work Environ
Health 1972;9:131-139.

Gleich J, Hofmann A. Prenatal toluene inhalation toxicity studies in mice. Research Report E.
Darmstadt: Merck; 1983 [cited in Reprotext, 1993].

Goodwin TM. Toluene abuse and renal tubular acidosis in pregnancy. Obstet Gynecol
1988;71:715-718.

(HSDB) Hazardous Substances Data Bank. Nattonal Library of Medicine, Bethesda (MD) (CD-
ROM version). Denver (CO): Micromedex, Inc.; 1993. (Edition expires 11/31/93).

Hersch JH. Toluene embryopathy: two new cases. J Med Genet 1989;26(5):333-337.

Hersch JH, Podruch PE, Rogers G, Weisskopf B. Toluene embryopathy. J Pediatr 1985;106:922-
927.

Hudak A, Ungvary G. Embryotoxic effects of benzene and its methyl derivatives: toluene, xylene.
Toxicology 1978;11:55-63.

International Research and Development Corporation (JRDC). Two-generation mhalation
reproduction/fertility study on a petroleum derived hydrocarbon with toluene. API Medical
Research Publication no. 32-32854. Washington (DC): American Petroleum Institute; 1985.

Kishi R, Harabuchi I, Ikeda T, Yokota H, Miyake H. Neurobehavioral effects and
pharmacokinetics of toluene in rats and their relevance to man. Br J Ind Med 1988;45:396-408.

Klimisch HJ, Hellwig J, Hofmann A. Studies on the prenatal toxicity of toluene in rabbits
following inhalation exposure and proposal of a pregnancy guidance value. Arch Toxicol
1992;66:373-381.

Longley EO, Jones AT, Welch R, Lomaev O. Two acute toluene episodes in merchant ships.
Arch Environ Health 1967;14:481-4387,

C - 332 - Toluene



Determination of Acute Reference Exposure Levels for Airborne Toxicants
March 1999

Low LK, Meeks JR, Mackerer CR. Health effects of the alkylbenzenes. I. Toluene. Toxicol Ind
Health 1988;4(1):49-75.

McDonald JC, Lavoie ], Cole R, McDonald AD. Chemical exposures at work in early pregnancy
and congenita] defect: a case-referent study. Br J Ind Med 1987;44:527-533.

NIOSH. Chemical listing and documentation of revised IDLH values (as of March 1, 1995).
Available at http://www.cdc.gov/niosh/intridl4.html.

(NRC) National Research Council. Committee on Toxicology. Emergency and continuous
exposure limits for selected airborne contaminants. Vol 7. Washington (DC): National Academy
Press; 1987. p. 47-61.

Ono A, Sekita K, Ohno K, Hirose A, Ogawa Y, Saito M, ef al. Reproductive and developmental
toxicity studies of toluene. 1. Teratogenicity study of inhalation exposure in pregnant rats. J
Toxicol Sci 1995;20(2):109-34

Pryor GT, Rebert CS, Dickinson J, Feeney EM. Factors affecting toluene-induced fetotoxicity in
rats. Neurobehav Toxicol Teratol 1984,6:223-238.

Pryof_G, Howd R, Halik R, Jensen R, Rebert C. Biomedical studies on the effects of abused
inhalant mixtures Annual Progress Report. No. 2. Contract 271-77-3402. Rockville (MD):
National Institute on Drug Abuse; 1978 [cited in Low et al., 1988].

Reprotext® System. Dabney BJ, editor. Denver (CO): Micromedex, Inc.; 1993. (Edition expixes
11/31/1993).

Reprotext® System. Dabney BJ, editor. Denver (CO): Micromedex, Inc.; 1999. (Edition expires
1/31/1999).

Shigeta S, Aikawa H, Misawa T. Effects of maternal exposure to toluene during pregnancy on
mouse embryos and fetuses. Tokai J Exp Clin Med 1982;7(2):265-270.

Spencer PS, Schaumberg HH. Organic solvent neurotoxicity: Facts, and research needs. Scand J
Work Environ Health 11 1985;11 Suppl 1:53-60 [cited in NRC, 1987].

Svirbely JL, Dunn RC, Von Oettingen WF. The acute toxicity of vapors of certain solvents
containing appreciable amounts of benzene and toluene. J Ind Hyg Toxicol 1943;25(8):366-373.

Tatrai E, Rodics K, Ungvary G. Embryotoxic effects of simultaneously applied exposure of
benzene and toluene. Folia Morphologica 1980; XX VIII:286-289.

Taylor JD, Evans HL. Effects of toluene inhalation on behavior and expired carbon dioxide in
macaque monkeys. Toxicol Appl Pharmacol 1985;80:487-495.

C-333 - Toluene



Determination of Acute Reference Exposure Levels for Airborne Toxicants
March 1999

(USEPA) United States Environmental Protection Agency. Health effects assessment for toluene
EPA/540/1-86/033. Cincinnati (OH): USEPA,; 1984,

Von Oettingen WF, Neal PA, Donahue DD. The toxicity and potential dangers of toluene. JAMA
1942;118(8):579-584.

Wilkins-Haug L, Gabow PA. Toluene abuse during pregnancy: obstetric complications and
perinatal outcomes. Obstet Gynecol 1991;77(4):504-509.

Wilson RH. Toluene poisoning. JAMA 1943;123(17):1106-1108.

C - 334 - Toluene



OEHHA: Air - Acute REL

1of6

ABOUTOQEHHA
NEWS
HELP!

SEARCH

RE&

OB
QFPORTUNITIES

TELL USWHAT
YOU THINK

http://www.oehha.org/air/acute_rels/relnums.html

WATER

KIK ASLERNWEN)

Air

FlxE m KOOI HHON 65

PLBLIC IMFOUEN A TON

WLLIIWEDIA

tLDLCATION
ECOIOXICOQLOLY e [ICIOEY FONE
I Select a Topic fil @

Acute Reference Exposure Levels Summary
Table and Table of Hazard Index Target Organs .

Table A-1. Acute Reference Exposure Levels (RELs), Averaging Times,
and Toxicologic Endpoints

Chemical Name REL Avg Sp.1 Toxicologic Endpoints Severity2
{CAS #) (ug/m3) time
(h)

Acrolein 1.9 %101 1 H Eye lrritation Mild

(107-02-8)

Acrylic Acid 6x 103 1 R Respiratory Irritation Miid 1

(79-10-7) i

Ammonia - 3.2 x 103 1 H Eye and Respiratory Mild

(7664-41-7) Irritation

Arsenic and 1.9 x 101 4 M Reproductive/ Severe

Inorganic Arsenic Developmental

Compounds

Arsine 1.6 x 102 1 M Hematologic System Severe

(7784-42-1)

Benzene 13x103 6 R Reproductive/ Severe

(71-43-2) Developmental |

Benzyl Chloride 24 x102 1 M&R | Eye and Respiratory Mild

{100-44-7) Irritation

Carbon Disulfide 6.2 x 103 6 R Reproductive/ Severe -

{75-15-0) Developmental

Carbon Monoxide® | 2.3 x 104 1 H Cardiovascular System § Mild

(630-08-0)

Carbon 1.9x 103 7 R Reproductive/ Severe

Tetrachloride Developmental

(56-23-5) |
i
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I | I i | 1 |
Chlorine 2.1 %102 H 1\ Respiratory lrritation Mild |
(7782-50-5) |

- j ;
Chloroform 1.5 x 102 R Reproductive/ Severe
{67-566-3) Developmental
i
Chloropicrin 28x101 M Eye and Respiratory Mild
(76-06-2) Irritation
Copper and 1x102 H Respiratory Irritation Mild
Compounds
1,4-Dioxane 3% 10° H | Eyeand Respiratory Mild
(123-91-1) Irritation
Epichlorohydrin 1.3x103 H Eve and Respiratory Mild
{(106-89-8) ' Irritation
Ethylene Glycol 14x10% H Eye and Respiratory Mild
Monobutyl Ether Irritation
(111-76-2)
Ethylene Glycol 3.7 x 102 R | Reproductive/ Severe
Monoethyl Ether Developmental
(110-80-5)
Ethylene Glycol 1.4 x 102 Rb Reproductive/ Severe
Monoethyl Ether Developmental
Acetate
(111-15-9)
Ethylene Glycol 9.3 x 101 R | Reproductive/ Severe
Monomethy! Ether Developmental :
(109-86-4)
Formaldehyde 9.4 x 101 H Eye Irritation Mild
(50-00-0)
Hydrogen chloride | 2.1 x 103 H Eye and Respiratory Mild
{7647-01-0} Irritation
‘Hydrogen Cyanide || 3.4x102 Mk | CNS* - serious Severe
(74-90-8)
Hydrogen Fluoride | 2.4 x 102 H Eye and Respiratory Mild
(7664-39-3) | irritation
Hydrogen 5x 100 GP Eye and Respiratory Mild
Selenide Irritation
Hydrogen Sulfide 42 %101 H Respiratory Irritation Mild
(7783-06-4)3
1l i ] [ 1
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Isopropyl Alcohol 3.2x903 H Eye and Respiratory Mild
{67-63-0) Irritation
Mercury 1.8 x 100 R | Reproductive/ Severe |
{inorganic) Developmental
(7438-97-6)
Methanol 2.8 x 104 H | CNS? - mid Mild
(67-56-1)

S )|
Methyl Bromide 3.9x 103 H CNS- mild (anorexia, Mild
(74-83-9) nausea, headache;
Methyl Chloroform | 6.8 x 104 H CNS - mild Mild
{71-55-6)
Methyl Ethyl 13 x 104 H || Eye and Respiratory Mild
Ketone {rritation
(78-93-3)
Methylene 1.4 x 104 H CNS - mild Mild
Chioride |
(75-9-2)
Nickel and Nickel 6x 100 H Respiratory Irritation; Mild
Compounds Immune Response
Nitric Acid 8.6 x 107 H Respiratory Irritation Mild
(7697-37-2)

i

Nitrogen Dioxide? 4.7 x 102 H Respiratory Irritation Mild
(10102-44-0)
Ozone3 1.8x102 H Eye and Respiratory Mild
(10028-15-6) lrritation
Perchloroethylene 2x 104 H CNS - mild; Eye and Mild
(127-18-4) Respiratory Irritation
Phenol 58x103% H Eye and Respirato Miid
(108-95-2) Irritation ‘
Phosgene 4 x 100 R Respiratory Irritation Mild
(75-44-5)
Propylene Oxide 3.1x103 M Eye and Respiratory Mild
(75-56-9) Irritation
Sodium Hydroxide | 8 x 100 H Skin, Eye, and Mild
(1310-93-2) Respiratory lrritation
Styrene b 21x104 H Eye and Respiratory Mild
(100-42-5) ' Irritation :
Sulfates? 1.2x 102 H Respiratory Irritation Mild
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| R | |
Sulfur Dioxide3 6.6 x 102 1 H Respiratory Irritation Mild
(7446-09-5) |
. ] L
Sulfuric Acidand || 1.2 x 102 1 H | Respiratory Irritation Mitd
Cleum j
|
Toluene 3.7 x 104 1 H CNS - mild; Mild
{108-88-3) Eye and Respiratory
Irritation
Triethylamine 28x 10 | 1 H || CNS - mild; Eye Mild **
(121-44-8) Irritation
Vanadium 3x 101 1 H Respiratory Irritation Mild
Pentoxide |
(1314-62-1)
Viny! Chloride 1.8x 10° 1 H CNS - mild; Eye and Mild
(75-01-4) Respiratory Irritation
Xylenes 22x104 1 H Eye and Respiratory Mild
(m,o,p-isomers) Irritation ‘

1 Species used in key study for REL development: D = dog; GP = guinea pig:

H = human;

M = mouse; Mk = monkey; R = rat; Rb = rabbit

2 Refers to effect severity levels-- see Hazard Identification section of main

text or Table 6

3 California Ambient Air Quality Standard

4 CNS = Central Nervous System.

Table A-2. Hazard Index Target Organs

Chemical Name (CAS #)

Target Organs

Acrolein (107-02-8)

Respiratory System; Eye

Acrylic Acid (79-10-7)

Respiratory System; Eve

Ammonia (7664-41-7)

Respiratory System; Eye

Arsenic and Inorganic Arsenic
Compounds

Reproductive/Developmental

Arsine (7784-42-1)

Hematclogic System

Benzene (71-43-2)

Reproductive/developmental; Immune System;
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Hematologic System;

Benzyl Chloride (100-44-7)

Respiratory System; Eye

Carbon Disulfide {(75-15-0)

Reproductive/Developmental; Nervous System

Carbon Monoxide (630-08-0)

Cardiovascular System

Carbon Tetrachloride {56-23-5)

Reproductive/Developmental; Nervous System;
Alimentary Tract

Chlorine (7782-50-5)

Respiratory System; Eye

Chioroform (67-66-3)

Nervous System;

Reproductive/Developmental

Chleropicrin (76-06-2)

Respiratory System; Eye

Copper and Compounds

Respiratory System

1,4-Dioxane (123-91-1)

Respiratory System; Eye

Epichlorohydrin (106-89-8)

Respiratory System; Eye

Ethylene Glycol Monobutyl Ether
(111-76-2)

Respiratory System; Eye

Ethylene Glycol Monoethyl Ether
(110-80-5)

Reproductive/Developmental

Ethylene Glycol Monoethyl Ether
Acetate (111-15-9)

Reproductive/Developmental; Nervous System

Ethylene Glycol Monomethyl
Ether (109-86-4)

Reproductive/Developmental

Formaldehyde (50-00-0)

Eye; Respiratory System; Immune System

Hydrogen Chloride (7647-01-0)

Respiratory System; Eye

Hydrogen Cyanide (74-90-8)

Nervous System

Hydrogen Fluoride (7664-39-3)

Respiratory System; Eye

Hydrogen Sulfide (7783-06-4)

Headache and Nausea in Response to Odor

Isopropyl Alcohol {67-63-0)

Respiratory System; Eye

Mercury (Inorganic)
(7439-97-6)

Reproductive/Developmental

Methanol (67-56-1)

Nervous System

Methyl Bromide (74-83-9)

Nervous System; Respiratory Irritation;
Reproductive/developmental

Methy! Chloroform (71-55-6)

Nervous System

Methyl Ethyl Ketone (78-93-3)

Respiratory System; Eye
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Methylene Chleride (75-9-2) l Nervous System

Nickel and Nickel Compounds Respiratory System; Immune System }
Nitric Acid (7697-37-2) [ Respiratory System

Nitrogen Dioxide , Respiratory System }
(10102-44-0)

Qzone (10028-15-6) ] Eye; Respiratory System

Perchloroethylene {127-18-4) Nervous system; Eye; Respiratory System ﬁ;
Phenol (108-95-2) ’ Respiratory System; Eye J
Phosgene (75-44-5) Respiratory System

Propylene Oxide (75-56-9) Respiratory System; Eye;

Reproductive/developmental

Selenium: He,S | Respiratory System; Eye |

Sodium Hydroxide (1310-93-2) Eye; Skin; Respiratory System

Styrene (100-42-5) Respiratory System; Eye;
Sulfates Respiratory System
1
Sulfur Dioxide Respiratory System
(7446-09-5)
Sulfuric Acid and Oleum Respiratory System
Toluene (108-88-3) Nervous Systemn; Eye; Respiratory System;
Reproductive/developmental ??
Triethylamine (121-44-8) Nervous Systemn; Eye
Vanadium Pentoxide Respiratory Systemn; Eye !
(1314-62-1) !
Vinyl Chloride (75-01-4) “Nervous System; Eye; Respiratory System
Xylenes {m,o0,p-isomers) Eye; Respiratory System
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