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ROBUST SUMMARY
STYRENE, AR-METHYL-(VINYL TOLUENE)
CAS# 25013-15-4

HUMAN HEALTH EFFECTSELEMENTS
Acute Toxicity — Study 1

Vinyl Toluene (Mixed Isomers)

Purity: Approximately 98% (combined 55%-70% meta-isomer and
30%-45% para-isomer) obtained by ultraviolet or infrared analysis
Solvent carrier: Olive oil or corn oil solution emulsified with a 5-
10% aqueous solution of acacia (gum arabic)

Contaminants: None reported

Chemical formula: CgH1p RECEIVED
OPPT NCIC

Not referenced 2003 FEB25 AM11:17

Unknown

1956

Rat

Wistar

Male

Not reported

Oliveail or corn oil solution emulsified with a 5-10% agueous
solution of acacia (gum arabic). The total volume administered
was never greater than 7 cc.

Single oral dose

Male Wistar rats (175 to 250 grams; 42 animals used) were used in
asingle ora dose study. The test substance was introduced into
the stomach by means of a stomach tube (8FS 16 inch all-rubber
catheter), either as the undiluted material or as an olive-ail or corn-
oil solution emulsified with a 5-10% agueous solution of acacia
(gum arabic). Thetotal volume administered was never greater
than 7 cc. All the surviving rats were observed until recovery was
assured (usually about two weeks).

Acute Letha Value: 4.0 g/kg

Remark:

Conclusions:

When the rats were autopsied, dight liver changes and, in some
instances, some kidney involvement of questionable significance
was observed.

Vinyl toluene exhibits low acute oral toxicity. The approximate
LDso in maleratsis 4.0 g/kg.



ROBUST SUMMARY
STYRENE, AR-METHYL-(VINYL TOLUENE)
CAS# 25013-15-4

HUMAN HEALTH EFFECTSELEMENTS
Acute Toxicity — Study 1

Data Quality: Valid with restrictions
Remarks: Several experimenta details (i.e., doses used, number of animals

per dose, statistical methodology, detailed sublethal observations,
etc.) were not reported in the study.

Reference: Wolf, M.A., Rowe, V K., McCollister, D.D., Hollingsworth, R.L .,
and Oyen, F. (1956) Toxicologica studies of certain alkylated
benzenes and benzene. Am. Med. Assoc. Arch. Ind. Health
14:387-398.
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ROBUST SUMMARY

STYRENE, AR-METHYL-(VINYL TOLUENE)

CAS# 25013-15-4

HUMAN HEALTH EFFECTSELEMENTS
Acute Toxicity — Study 2

Vinyl Toluene (Mixed Isomers)

Purity: Approximately 98% (combined 55%-70% meta-isomer and
30%-45% para-isomer) obtained by ultraviolet or infrared analysis
Solvent carrier: None

Contaminants. None reported

Chemical formula: CgH1p

Adamset al., 1941

Unknown

1956

White rabbits, heterogeneous stock raised in the laboratory
Not reported

Not reported

Not reported

None

Dermd

Routinely, 10 to 20 applications of the undiluted vinyl toluene
were made to the ear and alike number bandaged onto the shaved
abdomen over a period of two to four weeks. The animals were
observed daily and were weighed weekly. A significant loss of
weight or signs of abnormal behavior were interpreted as
indicative of absorption through the skin in acutely toxic amounts.

The degree of irritation was slight to moderate defined as
perceptible to definite erythema. The degree of necrosis was
moderate defined as the development of edema and superficial
necrosis. Thisresulted in a*chapped” appearance and exfoliation
of large patches of skin. Asjudged by gross appearance, behavior,
and body weight of rabbits during the skin-irritation tests, there
was no indication that the test substance was absorbed through the
skin in acutely toxic amounts.

Vinyl toluene exhibited moderate skin irritation and blistering in
repeated dermal exposure to white rabbits.



ROBUST SUMMARY
STYRENE, AR-METHYL-(VINYL TOLUENE)
CAS# 25013-15-4

HUMAN HEALTH EFFECTSELEMENTS
Acute Toxicity — Study 2

Data Quality: Valid with restrictions
Remarks: Severa experimental details (i.e., number of animals used per

dose, statistical methodology, sublethal observations, etc.) were
not reported in the study.

Reference: Wolf, M.A., Rowe, V K., McCollister, D.D., Hollingsworth, R.L .,
and Oyen, F. (1956) Toxicologica studies of certain alkylated
benzenes and benzene. Am. Med. Assoc. Arch. Ind. Health
14:387-398.

Adams, E.M., Irish, D.D., Spencer, H.C., and Rowe, V.K. 1941
Response of rabbit skin to compounds reported to have caused
acneform dermatitis. Indust. Med. 2:1-4.
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ROBUST SUMMARY

STYRENE, AR-METHYL-(VINYL TOLUENE)

CAS# 25013-15-4

HUMAN HEALTH EFFECTSELEMENTS
Acute Toxicity — Study 3

Vinyl Toluene (Mixed Isomers)

Purity: Approximately 98% (combined 55%-70% meta-isomer and
30%-45% para-isomer) obtained by ultraviolet or infrared anaysis
Solvent carrier: None

Contaminants: None reported

Chemical formula: CgH1p

Not reported

Unknown

1956

White rabbits, heterogeneous stock raised in the laboratory
Not reported

Not reported

Not reported

None

Eye

The effect of the test substance tested upon the rabbit’s eye was
ascertained by introducing two drops of liquid onto the right
eyeball. Visual observations of irritation and cornea injury (both
internal and external) were made upon the treated eye at the
following times after treatment: three minutes; one hour; and one,
two, and seven days. A 5% water solution of fluorescein dye was
used to stain and render visible the external injury of the cornea
after the first three minutes.

Vinyl toluene caused dlight conjunctival irritation but did not
damage the cornea. The dose was estimated at 90 mg.
Vinyl toluene caused mild irritation to the rabbit eye.

Valid with restrictions



ROBUST SUMMARY
STYRENE, AR-METHYL-(VINYL TOLUENE)
CAS# 25013-15-4

HUMAN HEALTH EFFECTSELEMENTS
Acute Toxicity — Study 3

Remarks: Several experimenta details (i.e., number of animals per dose,
statistica methodology, sublethal observations, etc.) were not
reported in the study.

Reference: Wolf, M.A., Rowe, V K., McCollister, D.D., Hollingsworth, R.L .,
and Oyen, F. (1956) Toxicologica studies of certain alkylated
benzenes and benzene. Am. Med. Assoc. Arch. Ind. Health
14:387-398.
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ROBUST SUMMARY

STYRENE, AR-METHYL-(VINYL TOLUENE)

CAS# 25013-15-4

HUMAN HEALTH EFFECTSELEMENTS
Repeated Dose Toxicity — Study 1

Vinyl Toluene (Mixed Isomers)

Purity: Approximately 99% (combined 65%-71% meta-isomer and
32%-35% para-isomer) by gas chromatography

Solvent carrier: None

Contaminants. None of the potential degradation products was
determined to be present at concentrations greater than 0.05% of
the VT concentration.

Chemical formula: CgH1p

Study was performed under the direction of the NIEHS and
conducted in compliance with National Toxicology Program
(NTP) protocols. EPA OPPTS Method 870.3465 is a comparable
method.

Y es, reviewed and approved by the NTP Board of Scientific
Counselor’s Peer Review Panel.

1990

Rat

F344/N

Both

5 malesand 5 femaes

Inhalation

15 days

6h/day for 10 d over 15d

0, 200, 400, 800, and 1,300 ppm

Yes

All animals sacrificed after 15 d exposure.

ANOVA with Dunnett’s test for multiple comparisons of organ
and body weights.

Groups of five F344/N rats (7 to 8 weeks) (Charles River Breeding
Laboratories) of each sex were exposed to air concentrations of
vinyl toluene (mixed isomers) at 0, 200, 400, 800, and 1,300 ppm
for 6 hours per day for 10 days over a 15-day period. Mae body
weights ranged from 142 to 148 grams and females ranged from
110to 114 grams. VT was generated by using either a J-tube or a
gas dispersion-type system in which heated air was passed through
liquid VT. The concentration of VT in the chambers and the
exposure room was monitored by an automatic sampling system



ROBUST SUMMARY
STYRENE, AR-METHYL-(VINYL TOLUENE)
CAS# 25013-15-4

HUMAN HEALTH EFFECTSELEMENTS
Repeated Dose Toxicity — Study 1

coupled to a gas chromatograph (Varian 2700) equipped with a
flame ionization detector and a 3% SP2250 column. Rats were
observed once per day and were weighed before exposure, after 1
week, and at the end of the studies. A necropsy was performed on
al animals. Histopathologic examinations were performed on dl
animalsin the high dose group. Tissue examined include:brain,
duodenum, heart, kidneys, lungs, pancreas, and stomach. Brain
and liver were weighed at necropsy.

Results

NOAEL dose: Male rats, 200 ppm; female rats <200 ppm

NOAEL effect: Decrease in necropsy weight (males and females) and an increase
in liver weight/body weight (females only) relative to controls.

LOAEL dose: Male rats, 400 ppm; female rats < 200 pm

LOAEL effect: Decrease in necropsy weight (males and females) and an increase

in liver weight/body weight (females only) relative to controls.

Statistical results: Significant at p<0.01 (body weight) and p<0.05 (liver weight/body
weight, females only).

Results Remarks: All ratslived to the end of the study. Lethargy, excessive
lacrimation, and red-staining (porphyrin) material around the nose
and the mouth were observed for rats exposed to 1,300 ppm. The
mean body weights at necropsy of male rats exposed to 400-1,300
ppm were 13-19% significantly lower than that of the controls and
female rats exposed to 200-1,300 ppm were 8-13% significantly
lower than that of controls. Absolute and relative liver weights
were significantly increased for rats exposed to 1,300 ppm. Four
of five male rats exposed to 1,300 ppm had centrilobular necrosis
and focal inflammatory cdll infiltration of the liver. Minimal to
dight centrilobular vacuolization of the liver was seen in al female
rats exposed to 1,300 ppm. Dysplasia of the bronchia epithelium,
chronic bronchitis, and lymphoid hyperplasia of the lung were
observed in all rats exposed to 1,300 ppm. The severity was
minimal to dight in males and minima in femaes. Mean (= SE)
male body weights (grams; *indicates statistically significant from
controls) for O, 200, 400, 800, and 1,300 ppm were 211 (3), 203
(2), 183 (3)*, 183 (3)*, and 171 (2)*, respectively. Maleliver
weights (grams) were 11.5 (0.40), 11.5 (0.180), 9.8 (0.23)*, 11.5
(0.27), and 12.5 (0.18)*, respectively. Male liver weight/body
weight ratios (mg/g) were 54 (1.8), 57 (0.4), 53 (0.4), 63 (0.4)*,
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Data Quality
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Reference

ROBUST SUMMARY

STYRENE, AR-METHYL-(VINYL TOLUENE)

CAS# 25013-15-4

HUMAN HEALTH EFFECTSELEMENTS
Repeated Dose Toxicity — Study 1

and 73 (0.9)*, respectively. Mean (£ SE) female body weights
(grams; *indicates statistically significant from controls) for O,

200, 400, 800, and 1,300 ppm were 144 (1), 132 (1)*, 129 (1)*,
131 (1)*, and 125 (1)*, respectively. Female liver weights (grams)
were 7.4 (0.13), 7.1 (0.13), 5.7 (0.09)*, 6.8 (0.13)*, and 8.6
(0.18)*, respectively. Female liver weight/body weight ratios
(mg/g) were 51 (0.4), 54 (0.9)*, 44 (0.4)*, 52 (0.4), and 69 (1.3)*,
respectively.

Because of decreased weight gain at 1,300 ppm (19% for males,
13% for females), the high concentration selected for the 13-week
studies was 1,000 ppm.

Acceptable

All key parameters (i.e., exposure conditions, number of animals,
observations, etc.) were appropriate and adequately described in
the study.

Toxicology and Carcinogenesis Studies of Vinyl Toluene (Mixed
|somers; 65-71% meta-isomer and 32-35% para-isomer) in F344/N
Rats and B6C3F; Mice (Inhalation Studies). Nationa Toxicology
Program Technical Report Series No. 375, NIH Publication No.
90-2830.
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ROBUST SUMMARY

STYRENE, AR-METHYL-(VINYL TOLUENE)

CAS# 25013-15-4

HUMAN HEALTH EFFECTSELEMENTS
Repeated Dose Toxicity — Study 2

Vinyl Toluene (Mixed Isomers)

Purity: Approximately 99% (combined 65%-71% meta-isomer and
32%-35% para-isomer) by gas chromatography

Solvent carrier: None

Contaminants. None of the potential degradation products was
determined to be present at concentrations greater than 0.05% of
the VT concentration.

Chemical formula: CgH1p

Study was performed under the direction of the NIEHS and
conducted in compliance with National Toxicology Program
(NTP) protocols. EPA OPPTS Method 870.3465 is a comparable
method.

Y es, reviewed and approved by the NTP Board of Scientific
Counselor’s Peer Review Panel.

1990

Mouse

B6C3F,

Both

5 malesand 5 femaes

Inhalation

15 days

6h/day for 10 d over 15d

0, 10, 25, 50, 100, and 200 ppm

Yes

All animals sacrificed after 15 d exposure.

ANOVA with Dunnett’s test for multiple comparisons of organ
and body weights.

Groups of five B6C3F; mice (9 to 10 weeks old) (Charles River
Breeding Laboratories) of each sex were exposed to air
concentrations of vinyl toluene (mixed isomers) at 0, 10, 25, 50,
100, and 200 ppm for 6 hours per day for 10 days over a 15-day
period. Male body weights ranged from 24 to 27 grams and
females ranged from 21.2 to 23.4 grams. VT was generated by
using either a J-tube or a gas dispersion-type system in which
heated air was passed through liquid VT. The concentration of VT
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ROBUST SUMMARY
STYRENE, AR-METHYL-(VINYL TOLUENE)
CAS# 25013-15-4

HUMAN HEALTH EFFECTSELEMENTS
Repeated Dose Toxicity — Study 2

in the chambers and the exposure room was monitored by an
automatic sampling system coupled to a gas chromatograph
(Varian 2700) equipped with a flame ionization detector and a 3%
SP2250 column. Mice were observed once per day and were
weighed before exposure, after 1 week, and at the end of the
studies. A necropsy was performed on al animals.

Histopathol ogic examinations were performed on all animalsin the
high dose group and on 1 male and 1 female in mouse control
groups. Tissue examined include:brain, duodenum, heart, kidneys,
lungs, pancreas, and stomach. Brain and liver were weighed at

necropsy.

Results

NOAEL dose: 100 ppm

NOAEL effect: Decrease in male survival and increase in liver weight (males) and
liver weight/body weight (males and females) relative to controls.

LOAEL dose: 200 ppm

LOAEL effect: Decrease in survival and increase in liver weight (males) and liver

weight/body weight (males and females) relative to controls.

Statistical results: Significant at p<0.01.

Results Remarks: Three of five male mice exposed to 200 ppm died before the end of
the study. Compound-related clinical signs observed at 200 ppm
included lethargy and palpebral closure. Ataxiawas seen at 100
ppm. There was no correlation between the exposure
concentration and change in mean body weights. The absolute and
relative liver weights were increased for mice exposed to 200 ppm.
One control mouse and five mice of each sex exposed to 200 ppm
were examined microscopicaly. Severe hyperemia and
hemorrhage of the pulmonary parenchyma were seen in exposed
male mice that died on day 3. Three other exposed male mice had
interstitial pneumonia. Four of five male mice exposed to 200 ppm
had moderate to severe necrosis of the liver; all five femae mice
exposed to 200 ppm had hyperplasia of the epithelium of the
intrapulmonary bronchi and centrilobular hepatocellular necrosis,
vacuolization, and polymorphonuclear leukocyte infiltrates in the
liver. Mean (= SE) male body weights (grams; *indicates
satistically significant from controls) for 0, 10, 25, 50, 100, and
200 ppm were 26.4 (0.45), 27.8 (0.09)*, 27.6 (0.18)*, 26.0 (0.31),



Conclusions

Data Quality
Reliability:
Remarks;

Reference

12

ROBUST SUMMARY

STYRENE, AR-METHYL-(VINYL TOLUENE)

CAS# 25013-15-4

HUMAN HEALTH EFFECTSELEMENTS
Repeated Dose Toxicity — Study 2

27.2 (0.31), and 26.5 (0.35), respectively. Male liver weights
(grams) were 1.36 (0.036), 1.5 (0.040), 1.53 (0.031)*, 1.47 (0.031),
1.51 (0.063), and 1.72 (0.0)*, respectively. Male liver weight/body
weight ratios (mg/g) were 52 (1.34), 54 (1.34), 56 (1.34), 57
(0.89), 55 (1.79), and 65 (0.71)*, respectively. Mean (+ SE)
female body weights (grams;, *indicates statistically significant

from controls) for 0, 10, 25, 50, 100, and 200 ppm were 24.8
(0.09), 23.6 (0.45), 24.8 (0.40), 22.6 (0.31)*, 23.8 (0.27), and 23.6
(0.45), respectively. Female liver weights (grams) were 1.41
(0.018), 1.22 (0.040)*, 1.22 (0.013)*, 1.36 (0.022)*, 1.20 (0.022)*,
and 1.52 (0.054), respectively. Female liver weight/body weight
ratios (mg/g) were 57 (0.89), 52 (1.34)*, 49 (0.45)*, 60 (0.45), 50
(0.89)*, and 64 (1.34)*, respectively.

Three of five male mice exposed to 200 ppm VT died before the
end of the study. Four of five male mice exposed to 200 ppm had
moderate to severe hepatocellular necrosis; all female mice
exposed to 200 ppm had hyperplasia of the epithelium of the
intrapulmonary bronchi and centrilobular necrosis, vacuolization,
and inflammatory cdll infiltrates in the liver.

Acceptable

All key parameters (i.e., exposure conditions, number of animals,
observations, etc.) were appropriate and adequately described in
the study.

Toxicology and Carcinogenesis Studies of Vinyl Toluene (Mixed
|somers; 65-71% meta-isomer and 32-35% para-isomer) in F344/N
Rats and B6C3F; Mice (Inhalation Studies). Nationa Toxicology
Program Technical Report Series No. 375, NIH Publication No.
90-2830.
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ROBUST SUMMARY

STYRENE, AR-METHYL-(VINYL TOLUENE)

CAS# 25013-15-4

HUMAN HEALTH EFFECTSELEMENTS
Repeated Dose Toxicity — Study 3

Vinyl Toluene (Mixed Isomers)

Purity: Approximately 99% (combined 65%-71% meta-isomer and
32%-35% para-isomer) by gas chromatography

Solvent carrier: None

Contaminants. None of the potential degradation products was
determined to be present at concentrations greater than 0.05% of
the VT concentration.

Chemical formula: CgH1p

Study was performed under the direction of the NIEHS and
conducted in compliance with National Toxicology Program
(NTP) protocols. EPA OPPTS Method 870.3465 is a comparable
method.

Y es, reviewed and approved by the NTP Board of Scientific
Counselor’s Peer Review Panel.

1990

Rat

F344/N rats

Both

10 males and 10 females

Inhalation

13 weeks

6h/day for 64 d over 13 weeks

0, 25, 60, 160, 400, and 1,000 ppm

Yes

All surviving animals were sacrificed after 13 week exposure.
ANOVA with Dunnett’ s test for multiple comparisons for organ
weights.

Thirteen-week studies were conducted to evaluate the cumulative
toxic effects of repeated inhalation of vinyl toluene and to
determine the concentrations to be used in the 2-year studies. Male
and female F344/N rats (7 to 8 weeks old) were observed for 20
days and assigned to groups according to tables of random
numbers. Feed was available ad libitum during nonexposure
periods; water was available at all times. Groups of 10 rats of each
sex were exposed to air concentrations of VT at target
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ROBUST SUMMARY

STYRENE, AR-METHYL-(VINYL TOLUENE)

CAS# 25013-15-4

HUMAN HEALTH EFFECTSELEMENTS

Repeated Dose Toxicity — Study 3

concentrations of 0, 25, 60, 160, 400, or 1,000 ppm, 6 hours per
day, 5 days per week for 13 weeks (64 exposures). VT vapor was
generated by using either a J-tube or a gas dispersion-type system
in which heated air was passed through liquid VT. The vapor then
entered the airstream near the top of the chamber and was mixed in
the chamber plenum before entering the exposure area of the
chamber. The concentration of VT in the chambers and the
exposure room was monitored by an automatic sampling system
coupled to a gas chromatograph (Varian 2700) equipped with a
flame ionization detector and a 3% SP2250 column. Uniformity of
vapor concentration in each exposure chamber and at each position
with animals present was measured periodically throughout the
studies by the same system used for daily concentration monitoring
to validate the use of single-port sampling for daily concentration
monitoring. The coefficients of variation were always found to be
less than 10%.

Animals were observed one or two times per day; moribund
animals were killed. Clinical signs were recorded once per week.
Individual animal weights were recorded once per week. At the
end of the 13-week study, survivors were killed. A necropsy was
performed on all animals except those excessively autolyzed or
cannibalized. Histologic examinations were performed on all rats
in the control and 1,000 ppm groups. Tissues examined include:
adrenal glands, bone, brain, cecum, colon, duodenum,
epididymis/seminal vesicles/prostate/testes or
oviduct/ovaries/uterus, esophagus, heart, ileum, jgjunum, kidneys,
larynx, liver, lungs, mammary gland, mandibular and mesenteric
lymph nodes, mesentery, nasal passage, pancreas, parathyroid
glands, pituitary gland, preputial or clitoral gland, rectum, salivary
glands, skin, spina cord, spleen, stomach, thymus, thyroid gland,
trachea, and urinary bladder.

60 ppm

Mild nephropathy characterized by increased tubular castsin male
rats.

160 ppm
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Mild nephropathy characterized by increased tubular castsin male
rats.

Significant at p<0.01 for body weights and liver weight/body
weight.

All rats lived to the end of the study. The fina mean body weights
of male rats exposed to 160, 400, and 1,000 ppm were 6, 8, and
19% lower, respectively, compared to controls. The final mean
body weights of female rats exposed to 160, 400, and 1,000 ppm
were 5, 6, and 12% lower, respectively, compared to controls.
Excessive lacrimation, palpebral closure, and rough hair coats were
observed in rats exposed to 1,000 ppm. Relative liver weights, but
not absolute weights, for rats exposed to 1,000 ppm were
significantly greater than those for controls. A mild nephropathy
characterized by increased tubular casts was found in male rats
exposed to 160, 400, and 1,000 ppm. No compound-related
lesions were observed in femaerats. Mean (x SE) male body
weights (grams; *indicates statistically significant from controls)
for 0, 25, 60, 160, 400, and 1,000 ppm were 373 (10.5), 375 (7.5),
372 (6.5), 353 (6.3), 346 (8.7), and 302 (9.8)*, respectively. Male
liver weights (grams) were 14.8 (0.74), 16.4 (0.71), 16.0 (0.54),
15.5 (0.58), 15.1 (0.51), and 16.0 (0.54), respectively. Male liver
weight/body weight ratios (mg/g) were 39.5 (1.66), 43.6 (1.37),
43.0 (1.29), 43.8 (1.27), 43.9 (1.51), and 52.9 (1.55)*, respectively.
Mean (+ SE) female body weights (grams; *indicates statistically
ggnificant from controls) for 0, 25, 60, 160, 400, and 1,000 ppm
were 214 (4.9), 212 (4.3), 209 (3.3), 204 (1.2), 201 (2.2), and 189
(3.7)*, respectively. Female liver weights (grams) were 8.08
(0.48), 8.24 (0.42), 8.55 (0.30), 8.23 (0.31), 8.39 (0.52), and 9.12
(0.24), respectively. Female liver weight/body weight ratios
(mg/g) were 38.0 (2.41), 38.8 (1.55), 41.0 (1.30), 40.4 (1.54), 41.7
(2.37), and 48.3 (1.51)*, respectively.

Based on the results of this study, a 2-year study was conducted
using vinyl toluene concentrations of 0, 100, and 300 ppm.

Acceptable
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Remarks: All key parameters (i.e., exposure conditions, number of animals,
observations, etc.) were appropriate and adequately described in
the study.

Reference

Toxicology and Carcinogenesis Studies of Vinyl Toluene (Mixed
|somers; 65-71% meta-isomer and 32-35% para-isomer) in F344/N
Rats and B6C3F; Mice (Inhalation Studies). National Toxicology

Program Technical Report Series No. 375, NIH Publication No.
90-2830.
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ROBUST SUMMARY

STYRENE, AR-METHYL-(VINYL TOLUENE)

CAS# 25013-15-4
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Vinyl Toluene (Mixed Isomers)

Purity: Approximately 99% (combined 65%-71% meta-isomer and
32%-35% para-isomer) by gas chromatography

Solvent carrier: None

Contaminants: None of the potential degradation products was
determined to be present at concentrations greater than 0.05% of
the VT concentration.

Chemical formula: CgH1p

Study was performed under the direction of the NIEHS and
conducted in compliance with National Toxicology Program
(NTP) protocols. EPA OPPTS Method 870.3465 is a comparable
method.

Y es, reviewed and approved by the NTP Board of Scientific
Counselor’s Peer Review Panel.

1990

Mouse

B6C3F,

Both

10 males and 10 females

Inhalation

13 weeks

6h/day for 64 d over 13 weeks

0, 10, 25, 60, and 160 ppm

Yes

All surviving animals were sacrificed after 13 week exposure
ANOVA with Dunnett’ s test for multiple comparisons for organ
weights.

Thirteen-week studies were conducted to evaluate the cumulative
toxic effects of repeated inhalation of vinyl toluene and to
determine the concentrations to be used in the 2-year study. Mae
and female B6C3F; mice (8 to 9 weeks old) were observed for 20
days and assigned to groups according to tables of random
numbers. Feed was available ad libitum during nonexposure
periods; water was available at all times. Groups of 10 mice of
each sex were exposed to air concentrations of VT at target
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concentrations of 0, 10, 25, 60, and 160 ppm, 6 hours per day, 5
days per week for 13 weeks (64 exposures). VT vapor was
generated by using either a J-tube or a gas dispersion-type system
in which heated air was passed through liquid VT. The vapor then
entered the airstream near the top of the chamber and was mixed in
the chamber plenum before entering the exposure area of the
chamber. The concentration of VT in the chambers and the
exposure room was monitored by an automatic sampling system
coupled to a gas chromatograph (Varian 2700) equipped with a
flame ionization detector and a 3% SP2250 column. Uniformity of
vapor concentration in each exposure chamber and at each position
with animals present was measured periodically throughout the
study by the same system used for daily concentration monitoring
to validate the use of single-port sampling for daily concentration
monitoring. The coefficients of variation were always found to be
less than 10%.

Animals were observed one or two times per day; moribund
animals werekilled. Clinical signswere recorded once per week.
Individual animal weights were recorded once per week. At the
end of the 13-week studies, survivors were killed. A necropsy was
performed on all animals except those excessively autolyzed or
cannibalized. Histologic examinations were performed on 9 male
mice and 10 female mice in the control groups, and al micein the
25, 60, and 160 ppm groups. Tissues examined include: adrenal
glands, bone, brain, cecum, colon, duodenum, epididymis/semina
vesicles/prostate/testes or oviduct/ovaries/uterus, esophagus, heart,
ileum, jgjunum, kidneys, larynx, liver, gallbladder, lungs,

mammary gland, mandibular and mesenteric lymph nodes,
mesentery, nasal passage, pancreas, parathyroid glands, pituitary
gland, preputial or clitoral gland, rectum, salivary glands, skin,
spinal cord, spleen, stomach, thymus, thyroid gland, trachea, and
urinary bladder.

10 ppm
Decrease in body weights.
25 ppm
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Decrease in body weights.

Significant at p<0.01 for body weights (male and female).

The incidence of deaths was not related to the exposure
concentration. The final mean body weights of male mice exposed
to 25, 60, and 160 ppm were 12, 12, and 20% lower, respectively,
than controls. The final mean body weights of female mice
exposed to 25, 60, and 160 ppm were 13, 14, and 16% lower,
respectively, compared to controls. Lethargy was observed for
mice exposed to 60 and 160 ppm,; palpebral closure was observed
for mice exposed to 160 ppm. The relative liver weights for
exposed and control mice were not significantly different.
Inflammation of the lung was observed in 5/10 male and 3/9
female mice exposed to 160 ppm, in 4/9 male and 2/10 femae
mice exposed to 60 ppm, and in /10 female controls. Metaplasia
of the respiratory epithelium of the nasal turbinates (hyaline
cytoplasmic ateration) was seen in all exposed groups. Acute
inflammation and/or metaplasia of the nasal turbinates were seen
in 7/10 male and 9/9 female mice exposed to 160 ppm, 7/8 male
and 10/10 female mice exposed to 60 ppm, 8/9 male and 9/10
female mice exposed to 25 ppm, 3/10 mae and 4/10 female mice
exposed to 10 ppm, and 1/10 female controls. Lesions of the lungs
and nasal turbinates were not seen in the male controls. Mean (+
SE) male body weights (grams; *indicates statistically significant
from controls) for 0, 10, 25, 60, and 160 ppm were 33.1 (0.70),
33.4(1.12), 29.1 (0.53)*, 29.0 (0.41)*, and 26.5 (0.46)*,
respectively. Male liver weights (grams) were 1.55 (0.21), 1.62
(0.064), 1.51 (0.056), 1.47 (0.062), and 1.21 (0.071, respectively.
Mae liver weight/body weight ratios (mg/g) were 46.5 (6.1), 48.7
(2.0), 52.0 (2.1), 50.7 (1.7), and 45.6 (2.8), respectively. Mean (x
SE) female body weights (grams; *indicates statistically significant
from controls) for 0, 10, 25, 60, and 160 ppm were 27.6 (0.79),
25.8 (0.56), 24 (0.39)*, 23.8 (0.36)*, and 23.2 (0.33)*,
respectively. Female liver weights (grams) were 1.46 (0.094), 1.34
(0.074), 1.23 (0.045), 1.15 (0.078)*, and 1.09 (0.066)*,
respectively. Female liver weight/body weight ratios (mg/g) were
52.9(3.3), 52.2 (2.9), 51.4 (1.9), 48.3 (3.2), and 46.9 (2.8),
respectively.
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Because of lower mean body weight gain of animals exposed to 25
ppm or more, lesions in the nasal passage, and lethargy at 60 ppm
and higher, inhalation exposure concentrations selected for mice
for the 2-year study were 10 and 25 ppm.

Acceptable

All key parameters (i.e., exposure conditions, number of animals,
observations, etc.) were appropriate and adequately described in
the study.

Toxicology and Carcinogenesis Studies of Vinyl Toluene (Mixed
Isomers; 65-71% meta-isomer and 32-35% para-isomer) in F344/N
Rats and B6C3F; Mice (Inhalation Studies). Nationa Toxicology
Program Technical Report Series No. 375, NIH Publication No.
90-2830.
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Vinyl Toluene (Mixed Isomers)

Purity: Approximately 99% (combined 65%-71% meta-isomer and
32%-35% para-isomer) by gas chromatography

Solvent carrier: None

Contaminants. None of the potential degradation products was
determined to be present at concentrations greater than 0.05% of
the VT concentration.

Chemical formula: CgH1p

Study was performed under the direction of the NIEHS and
conducted in compliance with National Toxicology Program
(NTP) protocols. EPA OPPTS Method 870.3465 is a comparable
method.

Y es, reviewed and approved by the NTP Board of Scientific
Counselor’s Peer Review Panel.

1990

Rat

F344/N rats

Both

49 or 50 males and 50 females

Inhalation

103 weeks

6h/day, 5 days/week for 103 weeks

0, 100, and 300 ppm

Yes

All surviving animals were sacrificed after 103 week exposure

The probability of survival was estimated by the product-limit
procedure of Kaplan and Meer (1958). Statistical analysesfor a
possible dose-related effect on survival used the method of Cox
(1972) for testing two groups for equality and Tarone's (1975) life
table test for a dose-related trend. The method used for analysis of
tumor incidence was alogistic regression analysis. Alternative
methods included the life table test, Fisher exact test and the
Cochran-Armitage trend test. Test of significance include pairwise
comparisons for each dosed group with controls and atest for an
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overall dose-response trend. Continuity-corrected tests were used
in the analysis of tumor incidence, and reported P values are
one-sided. The procedures described above aso were used to
evaluate selected nonneoplastic lesions.

The purpose of this study was to evaluate the long-term toxicity,
carcinogenicity, and neoplasm-promoting potential of VT in rats.
Male and female F344/N rats (9 to 10 weeks old) were observed
for 19 days, and assigned to groups according to tables of random
numbers. Feed was available ad libitum during nonexposure
periods; water was available at al times. Groups of 49 or 50 male
rats and 50 female rats were exposed to air concentrationsof VT at
target concentrations of 0, 100, and 300 ppm, 6 hours per day, 5
days per week for 103 weeks. VT vapor was generated by using
either a J-tube or a gas dispersion-type system in which heated air
was passed through liquid VT. The vapor then entered the
airstream near the top of the chamber and was mixed in the
chamber plenum before entering the exposure area of the chamber.
The concentration of VT in the chambers and the exposure room
was monitored by an automatic sampling system coupled to agas
chromatograph (Varian 2700) equipped with aflameionization
detector and a 3% SP2250 column. Uniformity of vapor
concentration in each exposure chamber and at each position with
animals present was measured periodically throughout the studies
by the same system used for daily concentration monitoring to
validate the use of single-port sampling for daily concentration
monitoring. The coefficients of variation were always found to be
less than 10%.

All animals were observed two times per day. Individua body
weights were recorded once per week for the first 13 weeks of the
study and once per month thereafter. Mean body weights were
calculated for each group. Animals found moribund and those
surviving to the end of the study were sacrificed. A necropsy was
performed on al animals, including those found dead. One male
from the control group was found to have been missexed and was
discarded. During necropsy, all organs and tissues were examined
for grossly visiblelesions. The following tissues were examined
histologically for control and high dose groups and animals dying
before month 20 and 21: adrena glands, bone, brain, cecum, colon,
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duodenum, epididymis/semina vesicles/prostate/testes or
oviduct/ovaries/uterus, esophagus, heart, ileum, jejunum, kidneys,
larynx, liver, lungs, mammary gland, mandibular and mesenteric
lymph nodes, mesentery, nasal passage, pancreas, parathyroid
glands, pituitary gland, preputia or clitora gland, rectum, salivary
glands, skin, spina cord, spleen, stomach, thymus, thyroid gland,
trachea, and urinary bladder. Lungs and nasal passage were
examined for the low dose group.

Mean body weights of male rats exposed to 300 ppm and those of
female rats exposed to 100 and 300 ppm were generaly 4-11%
lower than controls. No significant differencesin survival were
observed between any groups of rats of either sex (male: control
19/49; low dose, 17/50; high dose, 19/50; female: 31/50, 28/50,
26/50). Survival P values for males were as follows: controls,
0.762; 100 ppm, 0.825; 300 ppm, 0.878. Survival valuesfor
females were as follows: controls, 0.372; 100 ppm, 0.733, 300
ppm, 0.399. Degenerative and nonneoplastic proliferative lesions
of the nasal mucosa were observed at increased incidencesin
exposed rats. These lesionsincluded diffuse hyperplasia (goblet
cell) of the respiratory epithelium with intragpithelial mucous cysts
and focal erosion of the olfactory epithelium with cystic dilatation
(cysts) of the Bowman’s glands. Focal respiratory epithelial
metaplasia of the olfactory epithelium was seen in some exposed
males, and cells with homogeneous eosinophilic cytoplasm in the
olfactory epithelium was seen in some exposed males, and cells
with homogeneous eosinophilic cytoplasm in the olfactory
epithelium occurred at increased incidences in exposed female rats.
Neoplasms of the nasal mucosa were not seen in male or female
rats. There were no chemically related increases in neoplasm
incidence in exposed male or female rats. Mean male body weight
(grams) for controls, 100, and 300 ppm was as follows. weeks 1-
13: 294, 291, and 277, respectively; weeks 17-49: 414, 411, and
394, respectively; weeks 53-101: 454, 444, and 433, respectively.
Mean female body weight (grams) for controls, 100, and 300 ppm
was as follows: weeks 1-13: 179, 173, and 171, respectively;
weeks 17-49: 241, 226, and 226, respectively; weeks 53-101: 319,
291, and 290, respectively. Degenerative and nonneoplastic
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proliferative lesions occurred at increased incidencesin the
olfactory and respiratory epithelium. In the olfactory epithelium of
males, 6/50 exhibited cysts at 300 ppm, 8/50 exhibited erosion at
100 ppm, and 6/50 exhibited metaplasiaat 100 ppm. Inthe male
respiratory epithelium, 13/50 and 9/50 exhibited cystsin 100 and
300 ppm, respectively, and 24/50 and 28/50 exhibited hyperplasia
in 100 and 300 ppm, respectively. In the olfactory epithelium of
females, 5/49 and 13/50 exhibited cysts in 100 and 300 ppm,
respectively, and 9/49 and 21/50 exhibited hyperplasia (and
eosinophilic cytoplasm) in 100 and 300 ppm, respectively. Inthe
respiratory epithelium of females, 6/49 and 10/50 exhibited cysts
in 100 and 300 ppm, respectively, and 19/49 and 19/50 exhibited
hyperplasiain 100 and 300 ppm, respectively.

Lipomas were observed in 2/50 male rats exposed to 300 ppm.
The lipoma of the kidney is a benign mesenchymal neoplasm
consisting of completely differentiated fat cells with interspersed
fibrocytes, collagen, and blood vessels. The historical incidence of
renal mesenchyme neoplasms in male F344/N ratsis 0/346 for
chamber controls and 2/1,590 (0.1%) for untreated controls; the
highest observed incidence is 1/50.

Papillomas of the transitional epithelium were observed in 2/49
male rats exposed to 300 ppm. The historical incidence of urinary
bladder transitional epithelium neoplasms in male F344/N ratsis
3/339 (0.9%) for chamber controls and 1/1,552 (0.1%) for
untreated controls; no more than one neoplasm has been observed
in any control group. Hyperplasia of the transitional epithelium
was seen in a single high concentration female rat.

The lowered body weights and the chemically related lesions
occurring in the nasal passage indicated that the concentrations
were adequate for assessing the long-term toxicity and
carcinogenicity of VT and that higher doses would not have been

appropriate.

The most striking change observed in the nasal passage was a loss
of olfactory epithelium with replacement by respiratory epithelium.
The Bowman's gland beneath the olfactory epithelium also were
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often replaced by ciliated columnar cells similar to the respiratory
epithelium. These changes may represent an adaptive response of
the olfactory epithelium. There was a mild diffuse hyperplasia of
the respiratory epithelium, which is often seen in association with
an inflammatory response. Focal proliferative lesions or
neoplasms of the nasal passage were not found. Transitional cell
papillomas of the urinary bladder were seen in two male rats
exposed to 300 ppm but were not considered to berelatedto VT
exposure. Three mesenchymal renal neoplasms were found in the
300 ppm malerats. Two of these were diagnosed as lipomas and
are considered spurious and unrelated to VT exposure. The third
renal mesenchymal neoplasm was a sarcoma that contained
marked osseous metaplasia. This neoplasm was considered
unrelated to VT exposure.

No clinica or histologic evidence of nerve damage was seen after
2 years. Epoxide intermediates are possibly formed by the
metabolism of VT (Heinonen and Vainio, 1980), and it has been
suggested that the main reactive intermediate is vinyl toluene-7,8-
oxide (Heinonen, 1984). Because of their electrophilic character,
the intermediates could bind to nucleic acids and proteins, leading
to toxicity, mutagenicity, and carcinogenicity. Although VT was
mutagenic in cultured mammalian cells, there was no evidence of
carcinogenicity in this study. The reason for the lack of
carcinogenicity is unknown, but given the toxicity seen in the nasa
passage and the body weight losses, it is unlikely that the rats
could have tolerated much higher concentrations.

Under the conditions of the 2-year inhalation studies, there was no
evidence of carcinogenic activity for male or female F344/N rats
exposed to 100 or 300 ppm vinyl toluene.

Acceptable

All key parameters (i.e., exposure conditions, number of animals,
observations, etc.) were appropriate and adequately described in
the study.
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR INHALATION STUDY OF VINYL TOLUENE (Continued)

Chamber Control 100 ppm 300 ppm
GENITAL SYSTEM

Epididymis 4n (16) (50)
Dilatation, multifocal 2 (4%) 1 2%)
Granuloma sperm, single 1 (2%) 1 (2%)
Inflammation, suppurative, focal 1 (2%)

Left, atrophy 1 (2%)

Preputial gland (46) (18) (48)
Abscess 2 (11%)

Atrophy, diffuse 1 (2%)
Ectasia 2 (4%) 2 (11%) 3 (6%)
Fibrosis, diffuse 2 (4%)
Inflammation, chronic active 4 (9%) 4 (8%)
Inflammation, granulomatous, diffuse 1 (2%) 1 2%)
Inflammation, granulomatous, focal 4 (9%) 3 (6%)
Inflammation, granulomatous, muitifocal 18 (39%) 4 (22%) 22 (46%)
Inflammation, suppurative, focal 1 2%

Prostate (49) (18) 49)
Hyperplasia, focal 5 (10%) 5 (10%)
Hyperplasia, multifocal 3 (6%) 2 (11%) 6 (12%)
Inflammation, chronic 1 2%)

Inflammation, chronic active 8 (16%) 6 (33%) 13 27%)

Seminal vesicle (41) 13) 43)
Atrophy, diffuse 3 (%) 5 (12%)
Fibrosis, multifocal 1 (2%)
Inflammation, subacute, diffuse 1 (2%)

Inflammation, suppurative, chronic active,
diffuse 1 (2%)

Testes (49) (42) (50)

Hemorrhage 1 (2%)

Mineralization, focal 1 (2%)

Mineralization, multifocal 1 (2%) 1 2%) 1 (2%)
Arteriole, inflammation 6 (12%) 2 5%) 4 (8%)
Capsule, hyperplasia, multifocal 1 (2%)
Interstitial cell, hyperplasia 2 (4%) 4 (10%) 2 (4%)
Seminiferous tubule, atrophy 13 (27%) 11 (26%) 13 (26%)
Seminiferous tubule, degeneration 2 (4%) 4 (8%)
Serosa, necrosis, focal 1 (2%) 1 2%) 2 (4%) -

HEMATOPOIETIC SYSTEM

Bone marrow (48) 15) (50)
Atrophy 1 (7%)

Hyperplasia 8 (17%) 2 (13%) 5 (10%)
Metaplasia, osseous 1 (2%) 1 (7%)

Myelofibrosis 1 (2%)

Myeloid cell, hyperplasia 4 (8%) 4 (8%)

Lymph node 49) @n (50)
Inflammation, suppurative, focal 1 (2%)

Lumbar, hemorrhage 1 (2%)

Lumbar, inflammation, granulomatous, multifocal 1 (2%)

Mediastinal, hemorrhage 2 (4%) 2 (T%) 5 (10%)
Mediastinal, hyperplasia, lymphoid 1 (2%)

Mediastinal, hyperplasia, re cell 1 (2%)

Mediastinal, pigmentation, hemosiderin 2 (4%)

Pancreatic, hemorrhage 1 (4%)

Pancreatic, hyperplasia, lymphoid 2 (4%)

Lymph node, mandibular (44) (14) (48)
Hemorrhage 1 (7%) 1 (2%)
Hyperplasia, lymphoid 2 (5%) 3 6%)
Hyperplasia, plasma cell 2 (5%) 1 (7%) 5 (10%)
Hyperplasia, re cell 1 (2%)

Inflammation, subacute, focal 1 2%)

79 Vinyl Toluene (mixed isomers), NTP TR 375




TABLE B4, SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE
TWO-YEAR INHALATION STUDY OF VINYL TOLUENE (Continued)

Chamber Control 100 ppm 300 ppm
ENDOCRINE SYSTEM
Adrenal gland, cortex (Continued) (50) (14) (G
Hyperplasia, focal 9 (18%) 2 (4%)
Hyperplasia, multifocal 1 (%) 1 (2%)
Hypertrophy, focal 4 (8%) 1 (2%)
Hypertrophy, multifocal 2 (4%) 1 (71%) 1 (2%)
Pigmentation, hemosiderin, diffuse 2 (4%) 1 (2%)
Pigmentation, hemosiderin, multifocal 1 (2%)
Adrenal gland, medulla (48) (14) (45)
Angiectasis, multifocal 1 2%) 1 (2%)
Hyperplasia, focal 5 (10%) 1 (7%) 5 (11%)
Hyperplasia, multifocal 2 (4%) 3 (1%)
Vacuolization cytoplasmic, diffuse 1 (2%)
Islets, pancreatic 50 12) (49)
Ectopic tissue, focal 1 (2%)
Hyperplasia, focal 4 (8%)
Hyperplasia, multifocal 2 4%)
Hypertrophy, focal 2 (4%) 1 (2%)
Hypoplasia, diffuse 1 2%)
Pituitary gland (50) (43) (50)
Pars distalis, angiectasis, focal 4 (8%) 1 (2%) 2 (4%)
Pars distalis, angiectasis, multifocal 2 (4%) 3 (T%)
Pars distalis, concretion 1 (2%)
Pars distalis, cyst 5 (10%) 10 (23%) 10 (20%)
Pars distalis, cyst, multiple 1 (2%)
Pars distalis, hemorrhage, chronic, focal 1 2%)
Pars distalis, hyperplasia 1 (2%) 1 (2%) 1 (2%)
Pars distalis, hyperplasia, focal 3 (6%) 2 (5%) 2 (4%)
Pars distalis, hyperplasia, multifocal 1 (2%) 1 (2%)
Pars distalis, pigmentation, hemosiderin,
diffuse (2%)
Pars intermedia, pigmentation, hemosiderin,
diffuse 1 2%)
Pars nervosa, pigmentation, diffuse 1 (2%)
Thyroid gland (50) 10) (50)
Cyst 2 (4%) 1 2%)
Developmental maiformation (10%)
C-cell, hyperplasia, focal 2 (4%) 3 (6%)
C-cell, hyperplasia, multifocal 21 (42%) 1 (10%) 7 (14%)
GENERAL BODY SYSTEM
Tissue, NOS ($§)
Necrosis, acute 1 (100%)
GENITAL SYSTEM
Clitoral gland (48) (11) (46)
Abscess 1 (9%)
Atrophy 1 (9%) 1 (2%)
Ectasia 2 (18%) 4 (9%)
Hyperplasia 3 6%) 1 (9%) 3 (T%)
Inflammation, acute 2 (4%) 1 2%)
Inflammation, chronic active 1 (2%) 1 (9%) 2 4%
Inflammation, granulomatous 2 (4%) 3 (71%)
Ovary (50) (18) (50)
Angiectasis, multifocal 1 (2%)
Congestion, diffuse 1 (2%) 1 (2%)
Cyst 5 (28%) 3 (6%)
Hyperplasia 1 (2%)

Vinyl Toluene (mixed isomers), NTP TR 375 104



TABLE B4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE
TWO-YEAR INHALATION STUDY OF VINYL TOLUENE (Continued)

Chamber Control 100 ppm 300 ppm
GENITAL SYSTEM (Continued)

Uterus (50) (18) (50)
Adenomyosis, focal 1 (2%)
Cyst 1 (2%) 1 (2%)
Dilatation 1 (2%) 3 (17%) 2 (4%)
Inflammation, acute, multifocal 1 (2%)

Inflammation, chronic active 1 (2%) 1 2%)

Endometrium, hyperplasia, focal 1 (2%)

Epithelium, hyperplasia, diffuse 1 (2%) 1 2%)

Epithelium, hyperplasia, focal 2 (4%) 1 2%

Lumen, hemorrhage 1 (6%) 1 (2%)
HEMATOPOIETIC SYSTEM

Bone marrow (49) 9) (50)
Hyperplasia 2 (4%) 3 (6%)
Hyperplasia, megakaryocyte 1 (2%)
Metaplasia, osseous, diffuse 1 2%)

Myeloid cell, hyperplasia 6 (12%) 2 (4%)

Lymph node (50) amn (50)
Hyperplasia, re cell 1 (2%)

Mediastinal, hemorrhage 4 (8%) 3 (6%)
Mediastinal, hyperplasia, re cell 1 (2%)
Mediastinal, pigmentation, hemosiderin, diffuse 1 2%)
Pancreatic, hemorrhage 1 (2%) 1 (6%)

Pancreatic, inflammation, acute 1 (6%)

Pancreatic, pigmentation, hemosiderin 1 2%)
Renal, hyperplasia, plasma cell 1 2%)
Renal, hyperplasia, re cell 1 (2%)

Lymph node, mandibular 4 (11) 47
Edema 1 2%)
Hyperplasia, lymphoid 1 2%)
Hyperplasia, plasma cell 2 (4%) 5 (11%)
Hyperplasia, re cell 1 (9%) 1 (2%)
Artery, inflammation, chronic active, focal 1 (2%)

Lymph node, mesenteric 47 (12) (46)
Hemorrhage 3 (6%) 3 (25%) 2 (4%)
Hyperplasia, plasma cell 1 (2%)

Hyperplasia, re cell 4 (9%) 3 (%)
Pigmentation, hemosiderin 1 (8%)

Spleen 50) 19) (50)
Fibrosis, focal 1 (5%) 2 (4%)
Fibrosis, multifocal 1 2%)
Granuloma, multifocal 1 (2%)

Hematopoietic cell proliferation 5 (10%) 5 (10%)
Hyperplasia, reticulum cell, multifocal 1 (2%)

Metaplasia, osseous, focal 1 %)

Pigmentation, hemosiderin 11 (22%) 1 (5%) 15 (30%)
Capsule, ectopic tissue 1 (2%)

Capsule, infiltration cellular, lymphocytic,

multifocal 1 2%)

Thymus (38) (6) @D
Ectopic parathyroid gland 1 3%) 2 (33%)

Hyperplasia, tubular, diffuse 6 (16%) 14 (38%)
Infiltration cellular, polymorphonuclear 1 (3%)

Artery, mediastinum, inflammation, chronic

active, multifocal 1 3%)

105 Vinyl Toluene (mixed isomers), NTP TR 375
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Vinyl Toluene (Mixed Isomers)

Purity: Approximately 99% (combined 65%-71% meta-isomer and
32%-35% para-isomer) by gas chromatography

Solvent carrier: None

Contaminants. None of the potential degradation products was
determined to be present at concentrations greater than 0.05% of
the VT concentration.

Chemical formula: CgH1p

Study was performed under the direction of the NIEHS and
conducted in compliance with National Toxicology Program
(NTP) protocols. EPA OPPTS Method 870.3465 is a comparable
method.

Y es, reviewed and approved by the NTP Board of Scientific
Counselor’s Peer Review Panel.

1990

Mouse

B6C3F; mice

Both

50 males and 50 females

Inhalation

103 weeks

6h/day, 5 days/week for 103 weeks

0, 10, and 25 ppm

Yes

All surviving animals were sacrificed after 103 week exposure

The probability of survival was estimated by the product-limit
procedure of Kaplan and Meier (1958). Statistical analysesfor a
possible dose-related effect on survival used the method of Cox
(1972) for testing two groups for equality and Tarone's (1975) life
table test for a dose-related trend. The method used for analysis of
tumor incidence was alogistic regression analysis. Alternative
methods included the life table test, Fisher exact test and the
Cochran-Armitage trend test. Test of significance include pairwise
comparisons for each dosed group with controls and atest for an
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overall dose-response trend. Continuity-corrected tests were used
in the analysis of tumor incidence, and reported P values are
one-sided. The procedures described above also were used to
evaluate selected nonneoplastic lesions.

The purpose of this study was to evaluate the long-term toxicity,
carcinogenicity, and neoplasm-promoting potential of VT in mice.
Male and female B6C3F; mice (8 to 9 weeks old) were observed
for 19 days, and assigned to groups according to tables of random
numbers. Feed was available ad libitum during nonexposure
periods; water was available at al times. Groups of 50 male and
female rats were exposed to air concentrations of VT at target
concentrations of 0, 10, and 25 ppm, 6 hours per day, 5 days per
week for 103 weeks. VT vapor was generated by using either a J-
tube or a gas dispersion-type system in which heated air was
passed through liquid VT. The vapor then entered the airstream
near the top of the chamber and was mixed in the chamber plenum
before entering the exposure area of the chamber. The
concentration of VT in the chambers and the exposure room was
monitored by an automatic sampling system coupled to a gas
chromatograph (Varian 2700) equipped with aflameionization
detector and a 3% SP2250 column. Uniformity of vapor
concentration in each exposure chamber and at each position with
animals present was measured periodically throughout the studies
by the same system used for daily concentration monitoring to
validate the use of single-port sampling for daily concentration
monitoring. The coefficients of variation were always found to be
less than 10%.

All animals were observed two times per day. Individua body
weights were recorded once per week for the first 13 weeks of the
study and once per month thereafter. Mean body weights were
calculated for each group. Animals found moribund and those
surviving to the end of the study were sacrificed. A necropsy was
performed on al animals, including those found dead. During
necropsy, al organs and tissues were examined for grosdy visible
lesions. The following tissues were examined histologically for
control and high dose groups and animals dying before month 20
and 21 adrenal glands, bone, brain, cecum, colon, duodenum,
epididymis/seminal vesicles/prostate/testes or
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oviduct/ovaries/uterus, esophagus, heart, ileum, jgjunum, kidneys,
larynx, liver, gallbladder, lungs, mammary gland, mandibular and
mesenteric lymph nodes, mesentery, nasal passage, pancress,
parathyroid glands, pituitary gland, preputial or clitoral gland,
rectum, salivary glands, skin, spinal cord, spleen, stomach, thymus,
thyroid gland, trachea, and urinary bladder. Lungs and nasa
passage were examined for the low dose group.

Males surviving to end of the study was as follows: controls,

33/50; 10 ppm, 30/50; 25 ppm, 41/50. Females surviving to the
end of the study was as follows: controls, 36/50; 10 ppm, 37/50; 25
ppm, 34/50. Survival P values (the result of the life table trend for
chamber controls and the results of the life table pairwise
comparisons with the chamber controls for the dose groups) for
males are as follows: controls, 0.026; 10 ppm, 0.472; 25 ppm,
0.031. Survival P valuesfor females are as follows: controls,
0.434; 10 ppm, 0.847; 25 ppm, 0.473. Mean body weights of mice
exposed to 25 ppm were 10-23% lower than those of controls after
week 8; mean body weights of mice exposed to 10 ppm were 5-
14% lower than those of controls after week 37 for males and week
41 for females. No compound-related clinical signs were

observed. During week 21, liquid vinyl toluene entered the 25
ppm chamber due to atechnical error in the connection of the vinyl
toluene vapor generation lines; two males and six females came
into direct contact with the liquid and died or were killed in a
moribund condition. The survival of male mice exposed to 25 ppm
was significantly greater than that of controls after day 707. No
other significant differences in survival were seen between any
groups of either sex.

Increased incidences of chronic active inflammation and
hyperplasia of the respiratory epithelium occurred in exposed
mice. Lesionswere located in the middle and posterior portions of
the dorsal meatus. The severity of the lesions was dose related;
inflammation and hyperplasia were generaly mild and moderate in
the 10-ppm males and females, respectively, and moderate and
marked in the 25-ppm males and females, respectively.
Inflammation was characterized by focal infiltration of the mucosa
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by varying numbers of neutrophils and mononuclear cells.
Hyperplasia consisted of increased height of the epithelium,
downgrowth of ciliated columnar cellsinto the submucosal glands,
formation of intragpithelia glandlike structures, and extension of
the respiratory epithelium into areas usually covered by olfactory
epithelium. Neoplasms of the nasal passage were not observed.

Chronic active inflammation of the bronchioles occurred at
increased incidences in exposed mice. The severity of the lesion
was minimal to moderate and varied considerably within and
among the exposure groups. It consisted of focal accumulation of
neutrophils, macrophages, and lymphocytes within the walls of
bronchioles and the interstitium of adjacent alveoli. The
epithelium of affected alveoli had increased numbers of cuboidal
cells, the lumina contained some inflammatory cells, proteinaceous
material, and when severe, eosinophilic crystals and cholesterol
clefts.

Alveolar/bronchiolar neoplasms occurred with a significant
negative trend in male mice, and the incidences in the 25-ppm
group were significantly lower than those in controls.

Lymphomas in males occurred with a significant negative trend;
the incidence in the group exposed to 25 ppm was significantly
lower than that in the controls. A margina (p<0.10) decrease was
also observed for exposed females (chamber control, 16/48; low
dose, 9/49; high dose, 8/50).

The incidences of hepatocellular carcinomas and adenomas or
carcinomas (combined) in the female group exposed to 25 ppm
were significantly lower than those in controls.

Mean male body weight (grams) for controls, 10, and 25 ppm was
asfollows. weeks 1-13: 29.3, 29.4, and 26.6, respectively; weeks
17-49: 36.0, 34.3, and 30.2, respectively; weeks 53-101: 40.2,
37.1, and 33.0, respectively. Mean female body weight (grams)

for controls, 10, and 25 ppm was as follows. weeks 1-13: 24.3
24.0, and 22.0, respectively; weeks 17-49: 30.0, 28.5, and 25.5,
respectively; weeks 53-101: 34.6, 30.5, and 27.5, respectively.
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Numbers of mice with selected respiratory tract lesions was as
follows: In the nasal passage of males, 47/48 and 48/49 exhibited
chronic active inflammation in 10 and 25 ppm, respectively, 48/48
and 49/49 exhibited respiratory epithelium hyperplasiain 10 and
25 ppm, respectively, and 15/48 and 30/49 exhibited chronic active
inflammation in the lung/bronchiole region in 10 and 25 ppm,
respectively. Inthe nasal passage of females, 49/49 and 47/48
exhibited chronic active inflammation in 10 and 25 ppm,
respectively, 49/49 and 47/48 exhibited respiratory epithelium
hyperplasiain 10 and 25 ppm, respectively, and 14/49 and 37/49
exhibited chronic active inflammation in the lung/bronchiole
region in 10 and 25 ppm, respectively.

The overal alveolar/bronchiolar adenoma or carcinoma rates for
male mice were as follows: control, 12/50 (24%); 10 ppm, 5/49
(10%); 25 ppm, 2/49 (4%). The overall hepatocellular adenoma or
carcinoma rates for female mice were as follows: control, 9/48
(19%); 10 ppm, 5/16 (31%); 25 ppm, 2/49 (4%). The overall rates
of lymphomain male mice were as follows: control, 7/50 (14%);
10 ppm, 3/50 (6%); 25 ppm 0/50 (0%).

Mice were approximately 10 times more sensitive to inhalation of
vinyl toluene than were rats. The exact mechanisms that account
for the species difference are not known.

During most of the 2-year study, the body weights of mice exposed
to 25 ppm averaged 10-23% lower than those of controls,
indicating that a higher exposure concentration could not have
been tolerated even though there was no decreased survival in the
exposed animals.

The lesions of the nasal passage in mice were analogous to those
found in rats, with extension of respiratory epithelium into areas
normally covered by olfactory epithelium. This may represent
metaplasia of olfactory epithelium to ciliated cells smilar in
appearance to respiratory epithelium or loss of olfactory
epithelium, with extension of the respiratory epithelium into areas
of olfactory epithelium. This change was diagnosed as respiratory
epithelial hyperplasa Asintherats, ciliated cells extended down
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into and replaced the cells of the Bowman's glands. There also
appeared to be some atrophy of the nerves in the submucosa of the
nasal passage, alesion not recognized in rats. No primary
neoplasms were seen in the nasal passage in mice.

Negative trends in the incidences of neoplasms were associated
with vinyl toluene exposure in mice. Malignant lymphomas
showed a marked decline in males and a marginally significant
decrease in females. Pulmonary neoplasms were markedly
decreased in males, but no difference was seen in females. Femae
mice aso showed a margina decline in hepatocellular neoplasms.
The mice in these studies showed weight reduction associated with
vinyl toluene exposure that may have been due to toxicity or
reduced food consumption.

Epoxide intermediates are possibly formed by the metabolism of
VT (Heinonen and Vainio, 1980), and it has been suggested that
the main reactive intermediate is vinyl toluene-7,8-oxide
(Heinonen, 1984). Because of their electrophilic character, the
intermediates could bind to nucleic acids and proteins, leading to
toxicity, mutagenicity, and carcinogenicity. Although VT was
mutagenic in cultured mammalian cells, there was no evidence of
carcinogenicity in this study. The reason for the lack of
carcinogenicity is unknown, but given the toxicity seen in the nasa
passage and the body weight losses, it is unlikely that the mice
could have tolerated much higher concentrations.

Under the conditions of the 2-year inhalation studies, there was no
evidence of carcinogenic activity for male or female B6C3F; mice
exposed to 10 or 25 ppm vinyl toluene.

Acceptable

All key parameters (i.e., exposure conditions, number of animals,
observations, etc.) were appropriate and adequately described in
the study.
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE
TWO-YEAR INHALATION STUDY OF VINYL TOLUENE (Continued)

Chamber Control 10 ppm 25 ppm
CARDIOVASCULAR SYSTEM

Heart (50) (13) (50)
Cardiomyopathy 1 (8%) 1 (2%)
Artery, embolus, single 1 (2%)

Artery, inflammation, chronic active 1 (8%)
Coronary artery, infiltration cellular, mixed

cell, focal 1 (2%)
Mitral valve, pigmentation, hemosiderin, focal 1 (2%)
Myocardium, inflammation, chronic active,

multifocal 1 (2%)
Perivascular, inflammation, acute, focal 1 (2%)
Ventricle, karyomegaly, multifocal 1 (2%)
Ventricle left, bacterium 1 2%)
Ventricle left, inflammation, subacute, focal 1 (2%)

ENDOCRINE SYSTEM

Adrenal gland 49 (10) (48)
Accessory adrenal cortical nodule 1 (2%) 3 (6%)
Capsule, hyperplasia, focal 3 6% 2 (4%)
Capsule, hyperplasia, multifocal 36 (73%) 3 (30%) 39 (81%)

Adrenal gland, cortex (49) 10 (48)
Hyperplasia, focal 5 (10%) 7 (156%)
Hyperplasia, multifocal 6 (12%) 5 (10%)
Hypertrophy, focal T (14%) 1 (10%) 8 (17%)
Hypertrophy, multifocal 6 (12%) 3 (6%)

Adrenal gland, medulla (49) 9) 47
Hyperplasia, focal 1 (2%)

Islets, pancreatic (49) ¢ (49)
Hyperplasia, focal 2 (4%)
Hyperplasia, multifocal 7 (14%) 1 (11%) 4 (8%)

Parathyroid gland 36 6) (35)
Infiltration cellular, lymphocytic, focal 1 (3%)

Pituitary gland 45) 11) 47
Pars distalis, cyst 2 (4%) 2 4%)

Thyroid gland 49) (&) 47
Infiltration cellular, lymphocytic, focal 1 (2%)
Inflammation, chronic, focal 1 2%)
Ultimobranchial cyst 1 (2%) 2 (4%)
Follicular cell, hyperplasia 1 (2%)

Follicular cell, hyperplasia, multifocal 1 (2%)
GENERAL BODY SYSTEM
Tissue, NOS 1) 1
Inflammation, chronic active, multifocal 1 (100%)
GENITAL SYSTEM
Coagulating gland 1)
Inflammation, chronic active 1 (100%)

Preputial gland (15) 6) €)]
Abscess 6 (40%) 1 17%)

Cyst 5 (33%) 1 (17%) 8 (100%)
Cyst multilocular 1 (7%)

Dilatation 1 (17%)

Inflammation, chronic 3 (20%) 3 (50%)

Inflammation, chronic active T (47%)

Prostate (46) 9 (44)
Infiltration cellular, lymphocytic, multifocal 1 (2%)

Inflammation, chronic active 3 (7% 1 (11%)
Inflammation, suppurative, acute 1 (2%)

131 Vinyl Toluene (mixed isomers), NTP TR 375



TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE
TWO-YEAR INHALATION STUDY OF VINYL TOLUENE (Continued)

Chamber Control 10 ppm 25 ppm
GENITAL SYSTEM (Continued)
Seminal vesicle (48) an
Dilatation 1 (2%) 1 (6%)
Testes (50) 12) (49)
Left, hemorrhage 1 (2%)
Seminiferous tubule, atrophy 3 6%) 1 (8%) 3 (6%)
Seminiferous tubule, degeneration, multifocal 1 (2%)
HEMATOPOIETIC SYSTEM
Bone marrow (49) 10 (49)
Myeloid cell, hyperplasia 5 (10%) 2 (20%)
Lymph node (50) (26)
Angiectasis, focal 1 (4%)
Bronchial, hemorrhage 1 (2%)
Inguinal, hyperplasia, lymphoid 1 4%)
Inguinal, hyperplasia, re cell 1 (2%)
Lumbar, hemorrhage 1 (2%)
Lumbar, hyperplasia, lymphoid 1 (2%)
Mediastinal, hyperplasia, lymphoid 1 (4%) 1 2%)
Lymph node, mandibular 47 an @35)
Hyperplasia, lymphoid 2 (6%)
Hyperplasia, re cell 3 (6%) 3 (9%)
Lymph node, mesenteric (42) 19 33)
Hematopoietic cell proliferation 6 (14%) 4 (21%)
Hemorrhage 25 (60%) 12 (63%) 14 (42%)
Hyperplasia 1 (5%)
Hyperplasia, lymphoid 1 (5%) 2 (6%)
Hyperplasia, re cell 2 (5%) 3 (9%)
Spleen 49) (14) (49)
Angiectasis, multifocal 1 2%)
Depletion lymphoid 1 2%)
Hematopoietic cell proliferation 11 (22%) 6 (43%) 2 (4%)
Hyperplasia, lymphoid 1 2%) 1 2%)
Hyperplasia, lymphoid, diffuse 1 (2%)
Hyperplasia, plasma cell 1 (2%)
Hyperplasia, re cell 1 (2%)
Thrombus 1 (2%)
Lymphocyte, necrosis, multifocal 1 (2%)
Thymus (35) 6) (34)
Cyst, multiple 1 (3%)
Depletion lymphoid 1 3%) (17%) 1 (3%)
Hyperplasia, lymphoid, diffuse 1 (3%)
Inflammation, acute 1 (17%)
Syncytial alteration 1 3%)
INTEGUMENTARY SYSTEM
Skin (50) (30) 49)
Inflammation, chronic active 1 (2%) 1 3%) 1 (2%)
Ulcer 1 3%)
Prepuce, abscess 2 (7%)
Prepuce, inflammation, chronic active 1 3%)
Prepuce, necrosis 3 (6%)
Prepuce, ulcer 2 (4%) 2 (T%)
Scrotal, pigmentation, melanin, focal 1 3%
Scrotal, hair follicle, hyperplasia, focal 1 (3%)
Subcutaneous tissue, abscess 1 3%)
Subcutaneous tissue, cyst 1 (2%)
Subcutaneous tissue, edema 1 (3%)
Subcutaneous tissue, inflammation,
granulomatous, focal 1 (2%)

Vinyl Toluene (mixed isomers), NTP TR 375 132



TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE
TWO-YEAR INHALATION STUDY OF VINYL TOLUENE (Continued)

Chamber Control 10 ppm 25 ppm
GENERAL BODY SYSTEM
None
GENITAL SYSTEM

Clitoral gland 1) (1)

Cyst, multifocal 1 (100%)

Ovary (46) (14) (44)
Abscess, multiple 1 2%) 1 (7%)

Angiectasis 1 (2%)
Atrophy 1 (2%)

Cyst 9 (20%) 9 (64%) 4 (9%)
Hemorrhage, focal 2 (4%)

Hyperplasia, diffuse 1 (2%)
Infiltration cellular, lymphocytic 2 (4%) 1 (7%)

Thrombus 1 (2%)

Periovarian tissue, infiltration cellular,

lymphocytic 4 (9%)

Uterus (48) 37 45)

Abscess, single 1 (2%)
Adenomyosis 1 (2%)
Angiectasis 1 2%)
Dilatation 2 (4%) 5 (14%) 12 (27%)
Hemorrhage, acute 1 (2%)
Hyperplasia, cystic 36 (75%) 29 (78%) 29 (64%)
Inflammation, chronic, diffuse 1 (2%)
Inflammation, chronic active, multifocal 1 (2%)
Metaplasia, squamous 1 (2%)
Thrombus 1 (2%)
Serosa, cyst 1 (2%)
HEMATOPOIETIC SYSTEM

Bone marrow an ()] 47
Hypoplasia, focal 1 (2%)
Myeloid cell, hyperplasia 1 (2%)

Lymph node 48) 8 (49)
Hyperplasia, lymphoid 1 2%)

Bronchial, depletion lymphoid, diffuse 1 (2%)
Bronchial, hyperplasia, lymphoid 2 (4%)
Bronchial, hyperplasia, plasma cell 1 (2%) 1 (2%)
Mediastinal, hemorrhage 1 (2%)
Mediastinal, hyperplasia, lymphoid 2 (4%)
Mediastinal, hyperplasia, plasma cell 1 (2%)

Lymph node, mandibular (45) 1) 43)
Hyperplasia, lymphoid 4 (9%) 3 (T%)
Hyperplasia, plasma cell 3 (%)

Hyperplasia, re cell 1 2%) 1 (2%)
Infiltration cellular, polymorphonuclear,

diffuse 1 (2%)

Pigmentation, hemosiderin, diffuse 1 2%) 2 (5%)

Lymph node, mesenteric (38) (6) (32)
Hematopoietic cell proliferation 2 (33%)

Hemorrhage 3 8%) 3 (50%)
Hyperplasia, lymphoid 4 (11%)
Hyperplasia, plasma cell 1 3%)
Hyperplasia, re cell 1 (3%)

Spleen 4n 13) (49)
Angiectasis 1 (2%)

Congestion 1 (2%)
Depletion lymphoid 2 (4%)
Developmental malformation 1 (2%)
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Vinyl Toluene (Mixed Isomers)

Purity: Approximately 98% (combined 55%-70% meta-isomer and
30%-45% para-isomer) obtained by ultraviolet or infrared analysis
Solvent carrier: None

Contaminants: None reported

Chemical formula: CgH1p

Not referenced
Unknown
1956

Rat

Wistar

Both

10to 25

None

Inhalation

580, 1130, and 1350 ppm

Seven to eight hours/day, five days/week, for 139 days

Male and female Wistar rats were used in repeated inhalation
studies. The test substance was introduced into the exposure
chamber by vaporizing into the in-flowing air at a constant rate a
measured amount of the test substance. The vapor concentration
within the exposure chamber (580, 1130, and 1350 ppm) was
established using a sensitive analytical procedure and adjusted to
the desired level, when possible, with the animals in the chamber
and the chamber fan going to provide adequate atmaospheric
circulation. Analysis during the experiments demonstrated that the
vapor concentrations were held uniformly within 10% of the
desired concentration.

Two types of chambers were used. The large rectangular
chambers were made of sheet metal and had a capacity of about
1700 liters and were equipped with a 30 inch circulating fan. The
smaller chambers were fashioned of glass and were of about 160
liter capacity. Matched groups of 10 to 25 male and female rats
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were used. “Air-exposed” and/or “unexposed” controls were used.
“Air-exposed” controls were subjected to repeated exposures of
room air in a chamber, while the “unexposed” controls were
maintained in aroutine manner in the animal quarters. Routinely,
the “air-exposed” and test animals were placed in the exposure
chambers seven to eight hours daily, five days aweek, for 139

days.

All animals were weighed at regular intervals during the study.
Frequent observations were made of their general appearance and
behavior. Records were kept of food consumption and mortality.
Growth curves were drawn for each group. Those animals failing
in health were killed when moribund and examined. Surviving
animals were killed 18 to 22 hours after their last exposure and
examined for evidence of organic injury. The gross appearance of
the lungs, heart, liver, kidneys, spleen, and testes was observed,
and these organs were weighed. In addition, portions of the
adrenals, pancreas, and femoral bone marrow, as well as those
tissues mentioned above, were preserved in formalin and saved for
preparation of hematoxylin-and-eosin-stained sections. Oxalated
blood was obtained from selected animals of each group at time of
autopsy for determination of urea nitrogen by the diacetyl
monoxime method. Bone marrow counts were made on selected
animals of each group. The number of nucleated cells per cubic
millimeter of femora bone marrow was estimated by the method
of Farrar (1936) using ared blood cell diluting pipette and 1%
acetic acid as the diluting fluid. The total cell count was
determined in asimilar manner using Hayem's solution.

When applicable, the Fisher t-test was used in comparing the mean
values of the final body and organ weights obtained on the exposed
and unexposed animals. Probability values (P) of less than 0.05
were interpreted as indicating a significant difference. The criteria
considered in judging the toxic effects on the test animals were
growth, mortality, appearance and behavior, hematological
findings, terminal concentration of urea nitrogen in the blood, final
average organ and body weights, histopathological findings, and
bone marrow counts.
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580 ppm

Growth depression, increasein liver weights and liver

histopathol ogy

1,130 ppm

Growth depression, increase in liver weights and liver

histopathol ogy

No effects were seen at 580 ppm. At 1130 and 1350 ppm, liver
histopathology characterized by fatty degeneration in the midzonal
and centra cells of the liver lobule was observed. A moderate
degree of growth depression and increase in liver weight was also
observed at 1130 and 1350 ppm. A moderate amount of mortality
was seen in the 1350 ppm exposed animals.

The NOAEL was 580 ppm for rats exposed by inhalation of vinyl
toluene (7-8 hours/day, 5 days/week, for 139 days). This effect
was based on growth depression, increase in liver weights and liver
histopathology.

Valid with restrictions

Several experimental results (numbers dead, actual body weight
change) were not fully reported.

Wolf, M.A., Rowe, V K., McCollister, D.D., Hollingsworth, R.L .,
and Oyen, F. (1956) Toxicologica studies of certain alkylated
benzenes and benzene. Am. Med. Assoc. Arch. Ind. Health
14:387-398.

Farrar, G.E., Jr. 1936 Concentration of nucleated cellsin bone
marrow of the albino rat. Am. J. Physiol. 117:662-664.
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Vinyl Toluene (Mixed Isomers)

Purity: Approximately 98% (combined 55%-70% meta-isomer and
30%-45% para-isomer) obtained by ultraviolet or infrared analysis
Solvent carrier: None

Contaminants: None reported

Chemical formula: CgH1p

Not referenced

Unknown

1956

Albino guinea pigs

Heterogeneous stock raised in the laboratory
Both

5t0 10

None

Inhalation

580, 1130, and 1350 ppm

Seven to eight hours/day, five days/week, for 139 days

Male and female albino guinea pigs were used in repeated
inhalation studies. The test substance was introduced into the
exposure chamber by vaporizing into the in-flowing air at a
constant rate a measured amount of the test substance. The vapor
concentration within the exposure chamber (580, 1130, and 1350
ppm) was established using a sensitive analytical procedure and
adjusted to the desired level, when possible, with the animasin the
chamber and the chamber fan going to provide adequate
atmospheric circulation. Analysis during the experiments
demonstrated that the vapor concentrations were held uniformly
within 10% of the desired concentration.

Two types of chambers were used. The large rectangular
chambers were made of sheet metal and had a capacity of about
1700 liters and were equipped with a 30 inch circulating fan. The
smaller chambers were fashioned of glass and were of about 160
liter capacity. Matched groups of 5 to 10 male and female albino
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guinea pigs were used. “Air-exposed” and/or *unexposed”
controlswere used. “Air-exposed” controls were subjected to
repeated exposures of room air in a chamber, while the
“unexposed” controls were maintained in a routine manner in the
animal quarters. Routinely, the “air-exposed” and test animals
were placed in the exposure chambers seven to eight hours daily,
five days aweek, for 139 days.

All animals were weighed at regular intervals during the study.
Frequent observations were made of their general appearance and
behavior. Records were kept of food consumption and mortality.
Growth curves were drawn for each group. Those animals failing
in health were killed when moribund and examined. Surviving
animals were killed 18 to 22 hours after their last exposure and
examined for evidence of organic injury. The gross appearance of
the lungs, heart, liver, kidneys, spleen, and testes was observed,
and these organs were weighed. In addition, portions of the
adrenals, pancreas, and femoral bone marrow, as well as those
tissues mentioned above, were preserved in formalin and saved for
preparation of hematoxylin-and-eosin-stained sections. Oxalated
blood was obtained from selected animals of each group at time of
autopsy for determination of urea nitrogen by the diacetyl
monoxime method. Bone marrow counts were made on selected
animals of each group. The number of nucleated cells per cubic
millimeter of femoral bone marrow was estimated by the method
of Farrar (1936) using ared blood cell diluting pipette and 1%
acetic acid as the diluting fluid. Thetotal cell count was
determined in asimilar manner using Hayem's solution.

When applicable, the Fisher t-test was used in comparing the mean
values of the final body and organ weights obtained on the exposed
and unexposed animals. Probability values (P) of less than 0.05
were interpreted as indicating a significant difference. The criteria
considered in judging the toxic effects on the test animals were
growth, mortality, appearance and behavior, hematological
findings, termina concentration of urea nitrogen in the blood, final
average organ and body weights, histopathological findings, and
bone marrow counts.



Results
NOAEL:

NOAEL effect:

LOAEL:

LOAEL effect:

Remarks;

Conclusions:

Data Quality:

Remarks;

Reference:

39

ROBUST SUMMARY

STYRENE, AR-METHYL-(VINYL TOLUENE)

CAS# 25013-15-4

HUMAN HEALTH EFFECTSELEMENTS
Repeated Dose Toxicity — Study 8

580 ppm

Growth depression, increase in kidney weights and liver
histopathol ogy

1,130 ppm

Growth depression, increase in kidney weights and liver
histopathol ogy

No effects were seen at 580 ppm. At 1130 and 1350 ppm, liver
histopathology characterized by fatty degeneration in the midzonal
and centra cells of the liver lobule was observed. A dlight degree
of growth depression and increase in kidney weight was aso
observed at 1130 and 1350 ppm. In addition, aslight increase in
liver weights was observed at 1350 ppm.

The NOAEL was 580 ppm for guinea pigs exposed by inhalation
of vinyl toluene (7-8 hours/day, 5 days/week, for 139 days). This
effect was based on growth depression, increase in kidney weights
and liver histopathology.

Valid with restrictions

Several experimental results (actual body weight change and organ
weights) were not fully reported.

Wolf, M.A., Rowe, V K., McCollister, D.D., Hollingsworth, R.L .,
and Oyen, F. (1956) Toxicological studies of certain alkylated
benzenes and benzene. Am. Med. Assoc. Arch. Ind. Health
14:387-398.

Farrar, G.E., J. 1936 Concentration of nucleated cellsin bone
marrow of the albino rat. Am. J. Physiol. 117:662-664.
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Vinyl Toluene (Mixed Isomers)

Purity: Approximately 98% (combined 55%-70% meta-isomer and
30%-45% para-isomer) obtained by ultraviolet or infrared analysis
Solvent carrier: None

Contaminants: None reported

Chemical formula: CgH1p

Not referenced

Unknown

1956

White rabbits

Heterogeneous stock raised in the laboratory
Both

1to2

None

Inhalation

580, 1130, and 1350 ppm

Seven to eight hours/day, five days/week, for 139 days

Male and female white rabbits were used in repeated inhalation
studies. The test substance was introduced into the exposure
chamber by vaporizing into the in-flowing air at a constant rate a
measured amount of the test substance. The vapor concentration
within the exposure chamber (580, 1130, and 1350 ppm) was
established using a sensitive analytical procedure and adjusted to
the desired level, when possible, with the animals in the chamber
and the chamber fan going to provide adequate atmaospheric
circulation. Analysis during the experiments demonstrated that the
vapor concentrations were held uniformly within 10% of the
desired concentration.

Two types of chambers were used. The large rectangular
chambers were made of sheet metal and had a capacity of about
1700 liters and were equipped with a 30 inch circulating fan. The
smaller chambers were fashioned of glass and were of about 160
liter capacity. Matched groups of 1 to 2 male and female rabbits
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were used. “Air-exposed” and/or “unexposed” controls were used.
“Air-exposed” controls were subjected to repeated exposures of
room air in achamber, while the “unexposed” controls were
maintained in aroutine manner in the animal quarters. Routinely,
the “air-exposed” and test animals were placed in the exposure
chambers seven to eight hours daily, five days aweek, for 139

days.

All animals were weighed at regular intervals during the study.
Frequent observations were made of their general appearance and
behavior. Records were kept of food consumption and mortality.
Growth curves were drawn for each group. Those animals failing
in health were killed when moribund and examined. Surviving
animals were killed 18 to 22 hours after thelir last exposure and
examined for evidence of organic injury. The gross appearance of
the lungs, heart, liver, kidneys, spleen, and testes was observed,
and these organs were weighed. In addition, portions of the
adrenals, pancreas, and femoral bone marrow, as well as those
tissues mentioned above, were preserved in formalin and saved for
preparation of hematoxylin-and-eosin-stained sections. Oxalated
blood was obtained from selected animals of each group at time of
autopsy for determination of urea nitrogen by the diacetyl
monoxime method. Bone marrow counts were made on selected
animals of each group. The number of nucleated cells per cubic
millimeter of femoral bone marrow was estimated by the method
of Farrar (1936) using ared blood cell diluting pipette and 1%
acetic acid asthe diluting fluid. The total cell count was
determined in asimilar manner using Hayem's solution.

When applicable, the Fisher t-test was used in comparing the mean
values of the final body and organ weights obtained on the exposed
and unexposed animals. Probability values (P) of less than 0.05
were interpreted as indicating a significant difference. The criteria
considered in judging the toxic effects on the test animals were
growth, mortality, appearance and behavior, hematological
findings, terminal concentration of urea nitrogen in the blood, final
average organ and body weights, histopathological findings, and
bone marrow counts.



Results
NOAEL:

NOAEL effect:

LOAEL:

LOAEL effect:

Remarks;

Conclusions:

Data Quality:

Remarks;

Reference:

42

ROBUST SUMMARY

STYRENE, AR-METHYL-(VINYL TOLUENE)

CAS# 25013-15-4

HUMAN HEALTH EFFECTSELEMENTS
Repeated Dose Toxicity — Study 9

580 ppm

Slight increase in kidney weights

1,130 ppm

Slight increase in kidney weights

No effects were seen at 580 ppm. At 1130 and 1350 ppm, adight
increase in kidney weights was observed. In addition, at 1350
ppm, liver histopathology which was characterized by fatty
degeneration in the midzonal and central cells of the liver lobule
was observed.

The NOAEL was 580 ppm for white rabbits exposed by inhaation
of vinyl toluene (7-8 hours/day, 5 days/week, for 139 days). This
effect was based a dight increase in kidney weights.

Valid with restrictions

Severa experimental results (actual body weight change and organ
weights) were not fully reported.

Wolf, M.A., Rowe, V K., McCollister, D.D., Hollingsworth, R.L .,
and Oyen, F. (1956) Toxicologica studies of certain alkylated
benzenes and benzene. Am. Med. Assoc. Arch. Ind. Health
14:387-398.

Farrar, G.E., J. 1936 Concentration of nucleated cellsin bone
marrow of the albino rat. Am. J. Physiol. 117:662-664.
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Vinyl Toluene (Mixed Isomers)

Purity: Approximately 98% (combined 55%-70% meta-isomer and
30%-45% para-isomer) obtained by ultraviolet or infrared analysis
Solvent carrier: None

Contaminants. None reported

Chemical formula: CgH1p

Not referenced
Unknown

1956

Rhesus monkeys
Imported animals
Both

1to2

None

Inhalation

580, 1130, and 1350 ppm

Seven to eight hours/day, five days/week, for 139 days

Male and female Rhesus monkeys were used in repeated inhalation
studies. The test substance was introduced into the exposure
chamber by vaporizing into the in-flowing air at a constant rate a
measured amount of the test substance. The vapor concentration
within the exposure chamber (580, 1130, and 1350 ppm) was
established using a sensitive analytical procedure and adjusted to
the desired level, when possible, with the animals in the chamber
and the chamber fan going to provide adequate atmaospheric
circulation. Analysis during the experiments demonstrated that the
vapor concentrations were held uniformly within 10% of the
desired concentration.

The large rectangular chambers were made of sheet metal and had
a capacity of about 1700 liters and were equipped with a 30 inch
circulating fan. Matched groups of 1 to 2 male and female Rhesus
monkeys were used. “Air-exposed” and/or “unexposed” controls
were used. “Air-exposed” controls were subjected to repeated
exposures of room air in a chamber, while the “unexposed’
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controls were maintained in a routine manner in the animal
guarters. Routinely, the “air-exposed” and test animals were
placed in the exposure chambers seven to eight hours daily, five
days aweek, for 139 days.

All animals were weighed at regular intervals during the study.
Frequent observations were made of their general appearance and
behavior. Records were kept of food consumption and mortality.
Growth curves were drawn for each group. Those animals failing
in health were killed when moribund and examined. Surviving
animals were killed 18 to 22 hours after their last exposure and
examined for evidence of organic injury. The gross appearance of
the lungs, heart, liver, kidneys, spleen, and testes was observed,
and these organs were weighed. In addition, portions of the
adrenals, pancreas, and femoral bone marrow, as well as those
tissues mentioned above, were preserved in formalin and saved for
preparation of hematoxylin-and-eosin-stained sections. Oxalated
blood was obtained from selected animals of each group at time of
autopsy for determination of urea nitrogen by the diacetyl
monoxime method. Bone marrow counts were made on selected
animals of each group. The number of nucleated cells per cubic
millimeter of femora bone marrow was estimated by the method
of Farrar (1936) using ared blood cell diluting pipette and 1%
acetic acid asthe diluting fluid. The total cell count was
determined in asimilar manner using Hayem's solution.

When applicable, the Fisher t-test was used in comparing the mean
values of the final body and organ weights obtained on the exposed
and unexposed animals. Probability values (P) of less than 0.05
were interpreted as indicating a significant difference. The criteria
considered in judging the toxic effects on the test animals were
growth, mortality, appearance and behavior, hematological
findings, terminal concentration of urea nitrogen in the blood, final
average organ and body weights, histopathological findings, and
bone marrow counts.
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>1,350 ppm, the highest dose tested

No effects were observed

>1,350 ppm, the highest dose tested

No effects were observed

No effects at any exposure level were observed.

The NOAEL was >1,350 ppm for Rhesus monkeys exposed by
inhalation of vinyl toluene (7-8 hours/day, 5 days/week, for 139
days). No effects were observed at any dose level.

Valid with restrictions

Several experimental results (actual body weight change and organ
weights) were not fully reported.

Wolf, M.A., Rowe, V K., McCollister, D.D., Hollingsworth, R.L .,
and Oyen, F. (1956) Toxicological studies of certain alkylated
benzenes and benzene. Am. Med. Assoc. Arch. Ind. Health
14:387-398.

Farrar, G.E., J. 1936 Concentration of nucleated cellsin bone
marrow of the albino rat. Am. J. Physiol. 117:662-664.
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Methyl styrene (isomer % not referenced)
Purity: Not referenced

Solvent carrier: Corn oil

Contaminants: None reported

Chemical formula: CoH1p

Not referenced
Not indicated
1981

Rats
Sprague-Dawley
Femade

10-15

Intraperitoneal

1-15

250 mg/kg (MTD)

Once daily through day 15 gestation

Yes

Fisher’s exact test

Probe studies were conducted on rats injected intraperitoneally
with the test chemical dissolved or suspended in corn oil. Initial
dose-response studies with nonpregnant rats established the
maximum tolerated dose (MTD), defined as the dose at which
there was no mortality, no marked signs of toxicity (such as
unconsciousness), and less than a 10% reduction (relative to
controls) in body weight gain during or within two weeks
following the course of 15 daily IP injections. After the MTD
determination, young adult female Sprague-Dawley rats (250-300
0) were caged with breeder males of the same strain. The females
were examined daily for the presence of sperm in avagina lavage.
The day sperm was detected was designated as day 1 of gestation.
Inseminated females were randomly assigned to treatment and
control groups. Treatment began on day 1 of gestation and
continued through day 15. Controls were injected intraperitoneally
with corn oil, while the test group received the test chemical in
corn oil at the MTD (240 mg/kg). Each group was composed of
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10-15 inseminated females individually housed in stainless stedl
wire mesh cages with free access to food and water.

On day 21 of gestation, the females were killed by decapitation and
the uterine contents were examined. The individual fetuses were
weighed, measured for crown-rump length, sexed, and examined
for externaly visible maformations. One-half to two-thirds of
each litter was preserved in Bouin’s fluid for internal examination
by the Wilson method of free-hand razor-blade sectioning, and the
balance of each litter was preserved in ethanol for clearing and
skeletal staining with dizarin red. The internal organs of the
maternal rats were examined grossly, and the brain, heart, lungs,
liver, spleen, kidneys, adrenals, and ovaries were weighed and then
preserved in 10% formalin for histopathological examination.

The incidence of resorptions was significantly increased (p<0.05),
and the fetal sex ratio was significantly altered (p<0.05) with a
deficit of female fetuses. No teratogenic effects were observed. In
addition, no treatment-related histopathological changes were
observed in maternal tissues. Detailed results such as body
weights, incidence of resoprtions, fetal sex ratio, histopathological
changes, etc. were not reported.

Treatment with the MTD (250 mg/kg) daily during days 1-15 of
gestation in the rat did not produce any teratogenic effects.
However the incidence of resorptions was significantly increased
(p<0.05), and the fetal sex ratio was significantly altered (p<0.05)
with a deficit of female fetuses.

Acceptable with restrictions
No information about the test compound was given except that it
was methyl styrene. This study has been referenced in summary
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data of vinyl toluene, but no information as to purity and isomer
composition was reported. In addition, summary data tables of the
body weights, fetal toxicity data or maternal histopathology was
not reported.

Reference: Hardin, B.D., Bond, G.P., Sikkov, M.R., Andrew, F.D., Bdliles,
R.P., and Niemeier, RW. 1981. Testing of selected workplace
chemicals for teratogenic potential. Scand. J. Work Environ.
Health, 7(4):66-75
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Test Substance

Remarks: Vinyl Toluene (Mixed |somers)
Purity: Approximately 99% (combined 65%-71% meta-isomer and
32%-35% para-isomer) by gas chromatography
Solvent carrier: Dimethyl sulfoxide
Contaminants. None of the potential degradation products was
determined to be present at concentrations greater than 0.05% of
the VT concentration.
Chemical formula: CgH1p

M ethod

Method/Guideline:  Study was performed under the direction of the NIEHS and
conducted in compliance with National Toxicology Program
(NTP) protocols. EPA OPPTS Method 870.5100 is a comparable

method.

GLP: Y es, reviewed and approved by the NTP Board of Scientific
Counselor’s Peer Review Panel.

Y ear of study: 1990

Test Type: Salmonella typhimurium reverse mutation assay

System of testing: Bacteria

Species: Salmonella typhimurium

Metabolic Activation: A 9,000 x g supernatant from Aroclor 1254-induced male Sprague
Dawley rat or Syrian hamster liver

Concentration: 0, 1, 3.3, 10, 33, 100, 333, and 1,000 ig/plate
Statistical Method:  None referenced
Remarks: Testing was performed as reported by Ames et al. (1975) with

modifications as described in Zeiger et al. (1987) and Mortelmans
et al. (1986). The study chemical was incubated with the
Salmonella typhimurium tester strains (TA98, TA100, TA1535,
and TA1537) either in buffer or S9 mix (metabolic activation
enzymes and cofactors from Aroclor 1254-induced male Sprague
Dawley rat or Syrian hamster liver) for 20 minutes at 37°C before
the addition of soft agar supplemented with L-histidine and D-
biotin and subsequent plating on minimal glucose agar plates.
Incubation was continued for an additional 48 hours. Chemicals
were tested in four strains. Each test consisted of triplicate plates
of concurrent positive and negative controls and of at least five
doses of the study chemical. A positive control, 2-
aminoanthracene was used on al strainsin the presence of S9. In
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the absence of metabolic activation, 4-nitro-o-phenylenediamine
was used with TA98, sodium azide was used with TA100 and
TA1535, and 9-aminoacridine was used with TA1537. The high
dose was limited by toxicity or solubility but did not exceed 1
mg/plate. All negative assays were repeated.

A positive response was defined as a reproducible, dose-related
increase in higtidine-independent (revertant) coloniesin any one
strain/activation combination. An equivocal response was defined
as an increase in revertants that was not dose related, not
reproducible, or of insufficient magnitude to support a
determination of mutagenicity. A response was considered
negative when no increase in revertant colonies was observed after
chemical treatment.

Negative

The test substance was toxic to al strains at 1,000 ig/plate with or
without metabolic activation. The dose of 333 ig/plate was toxic
to TA100 and TA1537 (with metabolic activation, rat SO only).
Vinyl toluene did induce gene mutationsin S typhimurium strains
TA98, TA100, TA1535, or TA1537 when tested in a preincubation
protocol at doses up to 1,000 ig/plate with or without Aroclor
1254-induced male Sprague Dawley rat or Syrian hamster liver S9.
The mean number of revertants/plate are presented in Table H1.

Vinyl toluene did induce gene mutations in S typhimurium strains
TA98, TA100, TA1535, or TA1537 with or without exogenous
metabolic activation (S9).

Reliable
The key parameters (i.e., dose levels, strains, use of positive
controls) were appropriate and adequately described.
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Toxicology and Carcinogenesis Studies of Vinyl Toluene (Mixed
|somers; 65-71% meta-isomer and 32-35% para-isomer) in F344/N
Rats and B6C3F; Mice (Inhalation Studies). Nationa Toxicology
Program Technical Report Series No. 375, NIH Publication No.
90-2830.

Ames, B.N., McCann, J. and Y amasaki, E. (1975) Methods for
detecting carcinogens and mutagens with the
Salmonella/mammalian-microsome mutagenicity test. Mutat. Res.
31:347-364.

Mortelmans, K., Haworth, S., Lawlor, T., Speck, W., Tainer, B.
and Zeiger, E. (1986) Salmonella mutagenicity tests. 1. Results
from the testing of 270 chemicals. Environ. Mutagen. 8(Suppl.
7):1-119.

Zeiger, E., Anderson, B., Haworth, S,, Lawlor, T., Mortelmans, K.

and Speck, W. (1987) Salmonella mutagenicity tests. 111. Results
from the testing of 255 chemicals. Environ. Mutagen. 9(Suppl. 9):

1-110.



TABLE Hl. MUTAGENICITY OF VINYL TOLUENE IN SALMONELLA TYPHIMURIUM (a)

Revertants/Plate (b)

Strain Dose -S89 +10% S9 (hamster) +10% S9 (rat)
(ng/plate) Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2
TA100 0 151 + 10.0 137+ 74 216 + 93 140t 75 214+ 97 146 = 8.1
1 - -- -- -- - 129+ 5.7
3.3 - 119+ 4.7 216 + 44 167+ 179 190+ 7.8 124 £ 47
10 169+ 32 132 + 12.7 213+ 7.1 170+ 9.5 202 £ 10.1 130+ 4.0
33 163+ 7.1 122+ 3.2 216 + 23.8 171 + 3.2 227 £ 12.0 141+ 58
100 157 + 259 132+ 1.7 222+ 33 168 + 11.5 220 + 11.7 128 + 4.1
333 165 + 12.5 127 £ 10.1 189+ 8.8 172+ 6.0 Toxic
1,000 Toxic
Trial summary Negative Negative Negative Negative Negative Negative
Positive control(¢) 1,423 + 77.5 1,254 £ 31.9 1,680 * 64.7 2,507 £173.1 2,719 £+ 2319 2,265 + 36.3
TA1535 0 17+ 06 8+ 18 18+ 36 13+ 03 19+ 12 10 12
3.3 - 8 0.0 24+ 32 9% 1.0 25+ 0.3 11+ 20
10 15+ 24 8+ 13 16+ 26 11+ 20 25+ 2.1 10+ 3.1
33 19+ 09 T+ 1.0 20+ 06 12+ 26 14+ 49 10+ 25
100 17t 40 7+ 15 15+ 12 10+ 18 18+ 42 11+ 15
333 1+ 09 2+ 07 18+ 40 12+ 17 29+ 1.0 10+ 23
1,000 0+ 00
Trial summary Negative Negative Negative Negative Negative Negative
Positive control(c) 699 £ 725 642+ 98 406 * 53.2 253 £ 16.7 278 £ 44.0 209+ 70
TA1537 0 11+ 35 5+ 1.0 15+ 09 9+ 23 15+ 18 11+ 13
-- -- - - 6 09 --
3.3 - 5+ 03 11+ 07 9+ 1.2 12+ 23 6+ 06
10 18+ 03 4t 10 15+ 15 6t 18 16t 09 8+ 09
33 15+ 09 3+ 03 11+ 12 8+ 15 12+ 27 5+ 13
100 11+ 23 4% 12 15+ 12 6+ 09 14+ 23 7+ 1.0
333 2% 07 2%+ 03 10+ 27 8+ 20 Toxic
1,000 0t 0.0
Trial summary Negative Negative Negative Negative " Negative Negative
Positive control(c) 465 £ 445 253 + 68.4 173 £ 10.0 226 * 55.7 211+ 88 185 + 39.6
TA98 0 19+ 1.7 13+ 29 38t 33 17+ 09 30+ 5.7 24+ 26
3.3 -- 9t 19 30+ 57 17+ 12 32+ 49 18+ 15
10 16 £ 3.0 8+ 0.0 45+ 27 16+ 25 40 22 14+ 09
33 24+ 24 10 15 40+ 30 17+ 32 35+ 3.0 10 20
100 22+ 25 9+ 15 43+ 15 12+ 0.7 36+ 43 17+ 4.0
333 16+ 1.3 8t 12 34+ 42 9+ 09 26+ 28 6 1.0
1,000 Toxic
Trial summary Negative Negative Negative Negative Negative Negative
Positive control (¢) 182 £ 249 357 £ 36.5 553 £+ 64.6 1,542 + 45.0 391 + 44.1 1,545 + 1123

(a) Study performed at Case Western Reserve University. The detailed protocol is presented in Zeiger et al. (1987). Cells and
study compound or solvent (dimethyl sulfoxide) were incubated in the absence of exogenous metabolic activation (—S$9) or with
Aroclor 1254-induced S9 from male Syrian hamster liver or male Sprague Dawley rat liver. High dose was limited by toxicity
or solubility but did not exceed 10 mg/plate; 0 pg/plate dose is the solvent control.
(b) Revertants are presented asmean * standard error from three plates.

(c) Positive control; 2-aminoanthracene was used on all strains in the presence of S9. In the absence of metabolic activation,
4-nitro-o-phenylenediamine was used with TA98, sodium azide was used with TA100 and TA1535, and 9-aminoacridine was

used with TA1537.

179

Vinyl Toluene (mixed isomers), NTP TR 375
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Vinyl Toluene (Mixed Isomers)

Purity: Approximately 99% (combined 65%-71% meta-isomer and
32%-35% para-isomer) by gas chromatography

Solvent carrier: Dimethyl sulfoxide

Contaminants. None of the potential degradation products was
determined to be present at concentrations greater than 0.05% of
the VT concentration.

Chemical formula: CgH1p

Study was performed under the direction of the NIEHS and
conducted in compliance with National Toxicology Program
(NTP) protocols. EPA OPPTS Method 870.5300 is a comparable
method.

Y es, reviewed and approved by the NTP Board of Scientific
Counselor’s Peer Review Panel.

1990

Mouse lymphoma assay

Non-bacterial

Mouse L5178Y/TK lymphoma cells

A 9,000 x g supernatant from Aroclor 1254-induced male F344
rats

Trial 1: 12.5, 25, 50, and 100 ig/ml; Tria 2: 10, 20, 40, 60, and 80
ig/ml; Tria 3: 40, 45, 50, 55, 60, and 65 ig/mi

All datawere evaluated statistically for both trend and peak
response (p<0.05 for at least one of the three highest dose sets).
Both responses must be significantly (p<0.05) positive for a
chemical to be considered capable of inducing trifluorothymidine
(Tf) resistance. If only one of these responsesis significant, the
call is*“equivocal”; the absence of both trend and peak response
resultsin a“negative’ call.

The experimental protocol is presented in detail by McGregor et
al. (1988) and follows the basic format of Clive et al. (1979). The
highest dose of the study compound was determined by solubility
or toxicity and did not exceed 100 ig/ml. Mouse L5178Y/TK
lymphoma cells were maintained at 37°C as suspension cultures in
Fischer’s medium supplemented with 2 mM L-glutamine,
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100 ig/ml sodium pyruvate, 0.05% pluronic F68, antibiotics, and
heat-inactivated horse serum; normal cycling time was about 10
hours. To reduce the number of spontaneously occurring
trifluorothymidine (Tft)-resistant cells, subcultures were exposed
once to medium containing thymidine, hypoxanthine,
methotrexate, and glycine for 1 day, to thymidine, hypoxanthine,
and glycine for 1 day, and to norma medium for 3-5 days. For
cloning, horse serum content was increased and Noble agar was
added. Freshly prepared SO metabolic activation factors were
obtained from the liver of either Aroclor 1254-induced or
noninduced male F344 rats.

All dose within an experiment, including concurrent positive and
solvent controls, were replicated. Treated cultures contained 6 x
10° cellsin 10 ml of medium. Incubation with the study chemical
continued for 4 hours, after which time the medium plus chemical
was removed and the cells were resuspended in 20 ml of fresh
medium and incubated for an additional 2 days to express the
mutant phenotype. Cell density was monitored so that log phase
growth was maintained. After the 48-hour expression period, 3 X
10° cells were plated in medium and soft agar supplemented with
Tft for selection of Tft-resistant cells (TK*'*), and 600 cells were
plated in nonselective medium and soft agar to determine cloning
efficiency. Plates were incubated a 37°C under 5% carbo