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ABSTRACT 

Hale rats and rabbits were exposed to 0, 75, or 250 ppm ch1oro­

benzene vapors for 7 hours daily, 5 days/week, for up to 120 exposure 

days (24 weeks). Groups of animals from both species were sacrificed 

after 5 and 11 weeks of treatment and examined for hematology, clinical 

chemistry, and gross and histopathological changes resulting from 

the ch1orobenzene treatment. A statistical analysis of the data 

suggests some treatment-related effect on the red cell parameters. 

There appeared to be a small effect on food utilization in rats. 

Patho1o~ica1 changes were mostly found in rats, where occasional focal 

lesions in the adrenal cortex, tubular lesions in the kidneys, and 

congestion in the liver and kidneys suggested a treatment relationship. 

The subtle changes observed in rats at 75 and 250 ppm suggest 

that the current maximum permissible concentration for ch1orobenzene 

of 75 ppm may be too high and that 5 to 10 ppm may be a better working 

level. 
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INTRODUCTION 

~~Chlorobenzene (monochlorobenzene, benzyl chloride) is extensively 

used by industry as a solvent and as a chemical intermediate, but 

relatively little information has been published on its toxicity. 

Rozenbaum et al. 1 reported that the absolute toxic dose of chlorobenzene 

vapor in mice was 20 mg/liter. Irish2 cited a report on the acute 

toxicity of chlorobenzene vapor to rats, in which mortality was 

produced by exposure to 37 mg/liter for 0.5 hour or to 17 mg/kg for 

7 hours. Rats, rabbits, and guinea pigs were chronically exposed to 

chlorobenzene vapor for 7 hours/day, 5 days/week, for 32 exposures 

(44 days). At 1000 ppm, histological changes occurred in the lung, 

liver, and kidney of all animals. Also, mortality in guinea pigs was 

increased. At 475 ppm, liver weight and histological changes in the 

liver were increased only slightly. At 200 ppm, all the animals 

appeared to be normal. 

The acute oral LDsos for rats and rabbiis were determined to be 

2.91 g/kg and 2.83 g/kg, respectively. 2 Repeated daily doses, totaling 

137 doses over 192 days, did not produce any observable effect in rats 

at 14.4 mg/kg. However, at 144 and 288 mg/kg, their liver and kidney 

weight increased significantly. Some liver lesions were observed in 

both rats and rabbits, but blood and bone marrow were normal. 

Williams 3 has summarized metabolism studies with chlorobenzene 

and the dichlorobenzenes. In rabbits, 30% of an oral dose (150 mg/kg) 

of chlorobenzene was excreted unchanged. In rats, 20 to 30% and in 

dogs about 35% of the dose was excreted as £-chlorophenyl-mercapturic 

acid. (No ortho or meta isomers were formed.) Chlorobenzene is 

sufficiently volatile (vapor pressure, 11.8' mm Hg at 25° C) that 20 to 

30% of a dose in dogs was eliminated unchanged in the expired air;4 

the rest of the compound was oxidized to phenols and excreted in the 

urine as glucuronide and sulfate conjugates. The major phenol formed 

was 4-chlorocatechol. 
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In April 1959, the American Conference of Government Industrial 

Hygienists established the threshold limit value of chlorobenzene at 

75 ppm (350 mg/m 3 ). Because of the lack of information on the inhalation 

of chlorobenzene vapors, additional dose-response data are needed to 

determine whether 75 ppm is a safe concentration for the work environ-

ment. 
t. 

Under Contract No. 210-76-0126 with the National Institute for 

Occupational Safety and Health (NIOSH), SRI International (Stanford 

Research Institute) evaluated'J~he toxicity of inhaled chlorobenzene 

in male rats and rabbits. The animals were exposed to 0, 75, or 250 

ppm chlorobenzene for 7 hours daily, 5 days/week, for 120 exposure 

days (24 weeks). After 25, 55, and 120 exposure days, groups of 

animals from both species were sacrificed. They were evaluated for 

hematology, clinical chemistry, and gross and histopathological changes 

that resulted from the chlorobenzene exposures. 

~.' .I , .. ~./ 

2 

\ 
,\ , 



MATERIALS AND METHODS 

Animals 

Adult male Sprague-Dawley rats, weighing 125 ± 10 g, were obtained 

from Simonsen Laboratories, Gilroy, California. Adult male rabbits, 

weighing 2.0 to 2.5 kg, were obtained from L.I.T. Rabbitry, Aptos, 

California. The animals were isolated for 1 week after their arrival 

in the laboratory to ensure that only healthy animals were used for 

this study. After isolation, the animals were randomized into three 

groups, each containing 32 male rats and 32 male rabbits (30 animals 

plus 2 extra to allow for a small attrition expected during the 

project). Rats were housed two per cage, and rabbits were housed 

singly. All animals were provided with food and water ad libitum 

when they were not in the exposure chamber. 

All animals were weighed weekly for the first 5 weeks, biweekly 

for 4 weeks, and monthly thereafter. The food consumption of the rats 

was measured for 13 weeks and biweekly thereafter. All animals were 

observed daily throughout the experiment. 

Exposure Chambers 

The animals were exposed to ch10robenzene in cylindrical stain1ess­

steel chambers. The chambers are 122 cm in diameter and have a total 

volume of approximately 2.3 m3 • Animals were placed in cages on the 

four shelves, which are approximately 38 cm apart. Filtered, conditioned 

intake air and ch1orobenzene vapor were introduced at the top of the 

chamber through a diffusing apparatus that ensured uniform distribution 

of the test material throughout the chamber. The chamber atmospheres 

were exhausted from the bottom of the chamber, through an absolute 

filter, and out a stack through the roof. Chamber flow rates, monitored 

by water manometers, were approximately ten chamber volumes per hour. 

3 



Vapor Generation 

Chlorobenzene vapors were generated by passing breathing-quality 

air through a scintered-glass tube that was immersed in' a chlorobenzene­

containing Erlenmeyer flask. The vapor was carried from the flask to 

the chamber induction system by glass tubing. The flask was immersed 

in a Precision Labs water bath during generation to maintain the 

temperature of the chlorobenzene and compensate for the evaporative 

cooling that occurs during generation. 

Chlorobenzene Analysis 

Chlorobenzene concentrations were determined with a Varian Model 

1700 gas chromatograph equipped with a flame ionization detector. 

The 183 cm x 0.48 cm glass column was packed with 10% QFI on Chromosorb 

W-HP. The column temperature was 60 0 C, the injector temperature was 

250 0 C, and the carrier gas (nitrogen) flow was 35 ml/min. Under 

these conditions, the daily standards varied less than 2%. 

Chlorobenzene (J. T. Baker Chemical Company, Phillipsburg, New 

Jersey) was obtained from a local supplier. Analysis of this material 

indicated that it contained 99%+ chlorobenzene. The principal 

contaminant was probably benzene. 

Serial Sacrifices 

After 25, 55, or 120 exposures to chlorobenzene, animals were 

anesthetized with chloroform for sacrifice. Blood was collected for 

hematology and clinical chemistry studies by cardiac puncture. Any 

observations of gross changes were recorded; if the organs were normal, 

this was also recorded. The brain, heart, lungs, liver, spleen, 

kidneys, and gonads of each animal were weighed. In addition; adrenal 

glands, bone marrow (sternum), eye, skin, and any abnormal tissue were 

collected. All tissues were immediately fixed in 10% neutral buffered 

formalin, stained with hematoxylin and eosin, and evaluated by a 

board-certified veterinary pathologist. 
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Clinical Chemistry and Hematology 

Clinical chemistry determinations were made with a Technicon sr~c 

high-speed, computer-controlled biochemical analyzer. The methods used 

for each determination were those recommended by Technicon Instruments 

Corporation, Tarrytown, New Jersey. 

Cell counts and micro-parameters were determined using a Model MHR 

Coulter counter. Differential counts, platelets, and reticulocytes 

were determined by standard hand methods. 

Data Analysis 

Body weights and organ weights and hematology and clinical 

chemistry parameters were tested for statistical significance by an 

analysis of variance (ANOVA),S followed by a Dunnett's test,6,7 to 

determine which, if any, group was different. 

Because this experiment was designed to detect subtle effects of 

chlorobenzene vapor inhalation, additional statistical methods were 

also applied to the data. Bartlett's chi-square statistic was used 

to test the hypothesis that the group variances were equal. If 

Bartlett's chi-square is significantly large, the indication is that 

the variances within each group are unequal; unequal variances of and 

by themselves are indicators of unequal group effects. In addition, 

the analysis of variance and subsequent t-tests (Dunnett's) assume 

equal variances; a significantly large value of Bartlett's statistic 

indicates possible violation of that assumption. 

Other statistical evaluations of the data were directed to 

elucidation of the average treatment effect. This is the sample mean 

value of two trea~ment groups minus the control mean group value. 

The line~r trend statistic represents the average change per unit of 

increase in the log-dose level for the two treatment groups. This 

latte~ statistic suggests which parameters would be expected to change 

with increasing dosages. 

5 



RESULTS* 

Chamber Concentrations 

Figure 1 shows the analytical concentrations of chlorobenzene in 

the exposure chamber, as determined by gas chromatography of 1.0-ml 

chamber air samples. The chambers were sampled daily at the beginning 

of the exposure, at midday, and just before the end of the daily 

exposure. If the chamber for exposure to· 250 ppm chlorobenzene was 

off by more than 6 ppm, the flow was adjusted and the chamber was sampled 

again. The chamber containing 75 ppm was adjusted and sa~pled again 

if it was off by more than 3 ppm. The grand analytical mean (± standard 

deviation) was 248 ± 19 ppm for the high exposure and 73 ± 8 ppm for 

the low exposure of both rats and rabbits. 

Occasionally during the inhalation exposures, leaks developed 

because of a deteriorating gasket, an improperly sealed door, a chamber 

drain left open, or other factors. Leaks were detected and corrected 

after the first sampling that indicated the chamber concentrations were 

at considerable variance from the desired amount. These minor problems 

did contribute greatly to the large standard deviations occasionally 

seen with the weekly chamber concentrations. 

General Observations of Rats 

Nothing unusual was noted in any of the rats during daily 

observations. No rats died during the entire exposure period. 

Body Heights and Food Consumption of Rats 

The body weights of the treated and control groups of rats did 

not differ significantly during the 24 weeks of exposure to chloro­

benzene, as shown in Tables 1 through 3. The low-dose group (75 ppm) 

,', Tables presenting the complete statistical evaluations of the body 
weights and absolute and relative organ weights and of the hematology 
and clinical che~istry parameters are appended. 
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showed an apparent weight loss at the seventh week because of a 

malfunction in the automatic watering system on their cage rack. Once 

this was remedied, the rats regained the weight within a few days. 

Table 4 shows the food consumption of the rats. Note that the 

treated groups generally had a higher daily food consumption. 

General Observations of Rabbits 

The rabbits were occasionally observed to have diarrhea during 

the course of this study, but it was not treatment-related since it 

was observed in the control animals as well as in the treated groups. 

One rabbit (#89) was found dead in the chamber at the end of the 23rd 

exposure. Autopsy failed to reveal anything that would cause death. 

Another rabbit (#125) was found dead at the end of the 26th exposure. 

Again, no cause of death could be established at autopsy. One rabbit 

(#146) was sacrificed after the 32nd exposure when he was found to 

have a leg injury either from fighting or from getting caught in the 

cage flooring in the chamber. One rabbit (#1) broke his food on the 

41st exposure day, and #134 lost a testicle while fighting between 

cages in the chamber. 

Body Iveights of Rabbits 

Tables 5 through 7 present the body weights of the rabbits after 

5, 11, and 24 weeks of treatment. No differences were noted between 

the treated and control groups during the exposure period. 

Absolute and Relative Organ Heights of Rats 

Tables 8 through 10 show the absolute and relative organ weights 

of rats sacrificed after 25, 55, and 120 exposures, respectively. An 

analysis of variance showed no significant difference between the organ 

weights of control and exposed rats sacrificed after 25 exposures. 

However, Bartlett's chi-square statistic did indicate a significant 

difference in the variances of the absolute weights of heart, liver, 

and spleen as well as in the relative weights of these organs to body 

and brain weights. 
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Table 4 

FOOD CONSUMPTION (GRAMS) OF TREATED AND CONTROL RATS 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 

13 
15 
17 
19 
21 

Con trol 

19.1 
22.9 
25.0 
26.7 

25.3 
25.0 
24.1 
25.1 

24.1 
27.4 
23. 7 
25.4 

25.8 
25.9 
23.9 
27.9 
26.0 

Exposed 
75 ppm 250 ppm 

19.4 
24.4 
26.3 
27.0 

25.6 
27.1 
22.0* 
28.0 

26.6 
29.0 
25.7 
28.6 

22.3 
28.0 
26. 7 
27.0 
28.0 

19.0 
24.9 
26.9 
27.3 

25.6 
25.9 
26.4 
26.0 

25.4 
27.3 
25.4 
28.9 

24.7 
27.9 
27.7 
26.3 
27.9 

* Without water for 1 day due to malfunction of automatic watering 
system on cage rack. 
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The control and exposed rats sacrificed after 55 exposures (11 

weeks) had a statistically significant increase in the absolute weights 

of heart and liver. The 75-ppm dose group also had an increase in 

the relative liver-to-body weight and heart-, liver-, and kidney-to­

brain weight ratios. The high-dose group had an increase only in the 

relative liver- and kidney-to-body weight ratios. Bartlett's statistic 

indicated wide variances in the absolute heart and lung weights as well 

as in the relative heart-to-body weight and heart-to-brain weight ratios. 

After 120 exposures (24 weeks), the rats in the high-dose group 

had an increased absolute and relative liver weight as well as an 

increased kidney-to-body weight ratio. Bartlett's statistic indicated 

increased variances in the absolute weights of the brain, lung, liver, 

and spleen, as well as in the relative lung, liver, and spleen weights. 

Absolute and Relative Organ Weights of Rabbits 

Dunnett's test showed a significant difference only in the liver­

to-brain weight ratios of the rabbits in the 250-ppm group sacrificed 

after 5 treatment weeks (25 exposures); Table 11 shows these data. This 

statistical method showed no differences in the group sacrificed after 

11 weeks (55 exposures), as indicated in Table 12. In the 250-ppm 

group, in the rabbits sacrificed after 24 weeks (120 exposures) the 

absolute lung and liver weights were increased, as were the relative 

liver- and lung-to-brain weight ratios; Table 13 presents these data. 

In the groups sacrificed after 5 weeks (25 exposures), Bartlett's 

chi-square statistic indicated significant differences between control 

and exposed rats in the variances of the absolute weights of the spleen 

and gonads and of the relative weights of the brain, heart, and spleen. 

The variances of the absolute gonad-to-body weight ratio and of the 

spleen-to-brain weight ratio also were significantly different in the 

trea ted groups. 
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After 11 weeks (55 exposures), rabbits sacrificed showed a signi­

ficant variance of the absolute weights of the lung, liver, and kidney 

and of the lung-to-body weight and lung- and kidney-to-brain weight 

ratios. 

After 24 weeks, the variance of the absolute weights of the lung, 

liver, spleen, and adrenals of exposed rabbits was significantly 

greater than that of the controls. The relative liver- and spleen-to­

body weight ratios and spleen- and gonad-to-brain weight ratios were 

significantly different also. 

Rat Hematology 

Hematological changes in rats after 5 weeks of treatment were 

limited to an increase in the total RBC count and in the microhematocrit 

count of both treatment groups over the controls_, as shown in Table 14. 

This suggested a possible bone marrow stimulation when reticulocyte 

and platelet counts were added to subsequent hematology measurements. 

As Table 15 shows, after 11 weeks of treatment, significant 

changes were seen, especially in the high-dose group. These changes 

included a decrease in hematocrit and microcell volume, and in the 

high-dose group the total WBC counts were increased, as was the 

relative percentage of polymorphonuclear leukocytes. In both treatment 

groups, the platelet and reticulocyte counts were significantly 

different from those of the controls. 

After 24 weeks, only the reticulocyte counts in the high-dose 

group were significantly different from those of the controls, as 

shown in Table 16. 
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Bartlett's chi-square statistic indicated that variances in the 

treatment groups were significant only in the groups sacrificed at 

24 weeks. These changes occurred in the RBCs, hemoglobin, hematocrit, 

platelets, and reticulocytes. 

Rabbit Hematology 

Rabbit hematology was essentially unchanged during the study, 

as indicated by an analysis of variance and Dunnett's test. Tables 

17 through 19 present the data. However, Bartlett's chi-square 

statistic suggested significant differences between treated and 

control groups treated for 11 weeks and 24 weeks. These changes 

included differences in RBCs, hemoglobin, hematocrit, and WBCs after 

11 weeks and in RBCs, microcell volume, microhemoglobin, WBCs, and 

platelets after 24 weeks. 

Rat Clinical Chemistry 

The only consistent significant changes in the.rat clinical 

chemistry profile was reduced SGOT activity in th'e high-dose group 

at all three times of sacrifice, as shown in Tables 20 through 22. 

Bartlett's chi-square test also suggested that the variance of the 

SGOT determinations in the treated groups was significantly greater 

than that of controls at all three sacrifice times. This statistical 

test also showed that the calcium variance at 11 weeks and the 

variances of cholesterol, albumin, globulin, and A/G ratio at 24 weeks 

were significantly different between the treated and control rats. 
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Rabbit Clinical Chemistry 

Rabbit clinical chemistry data are shown in Tables 23 through 25. 

Lower uric acid levels were evident in the treated groups at 5 and 11 

weeks, and LDH activity was elevated in the 75-ppm group at 5 and 24 

weeks. These differences were statistically significant. 

Bartlett's chi-square test suggested significant changes in BUN, 

uric acid, SGOT, and LDH after 5 weeks of treatment. After 11 weeks, 

significant changes were indicated in calcium, phosphorus, bilirubin, 

LDH, globulin, and A/G ratio; at 24 weeks, significant changes were 

suggested in uric acid, SGOT, LDH, and protein. 

Histopathologic Examination of Rats 

Rats Sacrificed After 5 Weeks 

The ten rats from each group sacrificed after 25 exposures revealed 

no important histopathological differences among groups. Adrenals~ 

bone, bone marrow, eye, heart, liver, and skin were all within normal 

limits in all groups. The following histological lesions were 

identified: 

Brain--Slight, focal hemorrhage in one control . 

• Kidney--Regenerating cortical tubules that exhibited basophilic 
cytoplasm that may be cuffed with lymphocytes; elsewhere, 
interstitial foci of lymphocytes were present in one control, 
one low-dose, and one high-dose rat. 

Lung Control 75 EEm 250 EEm 

Atelectasis 3/10 4/10 4/10 
Emphysema 0 1/10 0 
Atelectasis and emphysema 4/10 4/10 4/10 
Edema 0 1/10 0 
Focal hemorrhage 2/10 1/10 2/10 
Chronic respiratory disease 10/10 10/10 10/10 

Lung lesions were generally focal, of mild to moderate severity, 
and were found in every lung. Significant differences among 
groups were not evident. By their nature and incidence, the 
lesions encountered in rats sacrificed at 25 days were not 
considered to be treatment related. 
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Rats Sacrificed After 11 Weeks 

Ten control rats and 10 rats each from the low-dose and high-dose 

groups were sacrificed after 55 days. Vacuolated cortical adrenal 

cells were seen only in treated animals, and the incidence of tubular 

and interstitial kidney lesions was much higher in the treated than 

in the control animals. Therefore, a relationship to the treatment is 

suggested. 

The following tissues were examined and found to be within normal 

limits: bone, bone marrow, brain, eye, heart, liver, skin, and testes. 

The following lesions were identified: 

Adrenal--Vacuolation of some cells in the zone fasciculata was 
present in three low-dose rats and in one high-dose rat. 

Kidney--Regenerating cortical tubules that exhibited basophilic 
cytoplasm and that were often cuffed with lymphocytes were 
seen in one control, two low-dose, and five high-dose rats. 

Lung Control 12.HE!. 250 ppm 

Atelectasis 0 2/10 2/10 
Emphysema 1/10 1/10 1/10 
Atelectasis and emphysema 7/10 4/10 5/10 
Focal hemorrhage 3/10 0/10 1/10 
Alveolar histiocytosis 0/10 1/10 0/10 
Chronic respiratory disease 8/10 10/10 8/10 

Lung lesions were generally focal, usually of slight to moderate 
severity, and were found in all lungs except in those from 
one high-dose animal. 

The increased incidence of lesions in the adrenal cortex and the 

tubular and interstitial lesions in the kidneys of the treated animals 

suggests that the lesions are treatment related. 

Rats Sacrificed After 24 Weeks 

The remaining rats were sacrificed after 24 weeks (120 exposures). 

The sections of bone, bone marrow, brain, eye, skin, and spinal cord 

were all within normal limits. The following histological lesions were 

noted: 
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Adrenals--Vacuolization of cells of the zona fasciculata was 
slight to moderate in four controls, five low-dose, and six 
high-dose rats. 

Heart--A small focus of fibrosis was noted in one high-dose 
rat. 

Kidney--Focal paravascular lymphocytes were seen in five controls, 
five low-dose (including one case of interstitial lymphocytes), 
and three high-dose rats. 

Regenerating cortical tubules were seen in four controls, two 
low-dose, and five high-dose rats. Slight focal infarcts were 
present in both kidneys of one low-dose rat and in one kidney 
of one high-dose rat. A few hyaline casts were seen in the 
convaluted tubules of one low-dose rat. 

Liver--Foci of lymphocytes in paravascular or parenchymal location 
were seen in two controls and in two low-dose rats. Slight 
bile duct hyperplasia was seen in one low-dose rat. 

Lung Control 75 ppm 250 ppm 

Atelectasis 3/10 4/10 4/10 
Atelectasis and emphysema 3/10 2/10 4/10 
Congestion 0/10 0/10 2/10 
Hemorrhage 2/10 1/10 2/10 
Parenchymal lymphocytes 1/10 0/10 0/10 
Chronic respiratory disease 10/10 10/10 9/10 

. Testes--One low-dose rat had a marked atrophy of one testis, 
but the other was normal. 

, 

Generally, no lesiOns were recognized as being treatment-related 

in the rats sacrificed at 24 weeks. 

Histopathologic Examination of Rabbits 

Rabbits Sacrificed After 5 Weeks 

Ten rabbits in each of three groups were sacrificed after 25 

exposures to chlorobenzene. No important differences existed among 

the groups, but congestion of kidneys and liver occurred more often 

in the high-dose group. Bone, brain, eye, and skin were all normal 

in all animals. The following tissues exhibited some histological 

lesions: 
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Adrenal--One high-dose animal had a solitary focus of congestion. 

Bone marrow--Slight atrophy was seen in one control and in 
one high-dose animal. One high-dose rabbit had a moderate 
hyperplasia. 

Testes--Immaturity of varying degrees was seen in three controls 
and in one high-dose rabbit; testicular atrophy was seen in 
one high-dose rabbit. 

Kidneys--Nephrocalcinosis was apparent in one low-dose rabbit. 
Slight or moderate focal congestion occurred in three controls, 
four low-dose, and nine high-dose rabbits. 

Foci of lymphocytes were seen in the parenchyma and/or in 
portal areas in one control, in one low-dose, and in two 
high-dose rabbits. 

Heart--Slight hemorrhage was found in one low-dose rabbit. 

Lung 

Atelectasis 
Congestion 
Edema 
Atelectasis and emphysema 
Hemorrhage 
Perivascular lymphocytes 

Control 

0/10 
3/10 
1/10 
8/10 
0/10 

10/10 

75 ppm 

2/10 
1/10 
1/10 
4/10 
3/10 
8/10 

250 ppm 

0/10 
3/10 
3/10 
8/10 
0/10 
9/10 

Lung lesions were generally focal, most often slight or moderate 
in severity, and were found in every lung. Important differences 
were not recognized. 

Generally, no important differences existed among groups, but 

congestion of the kidneys and liver occurred more often in the high-dose 

group. 

Rabbits Sacrificed After 11 Weeks 

Eleven rabbits in the 75- and 250-ppm groups and ten controls were 

sacrificed after 11 weeks of exposure (55 exposure days). The adrenals, 

bone, bone marrow, and eyes of all these animals were normal. In 

addition, the gall bladder was normal in those sections where it was 

attached to the liver. 
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The following lesions were noted: 

Brain--Lesions of encephalitozoonosis (cause, !. cuniculi) were 
seen in three controls and in one low-dose rabbit. Perivascular 
lymphocytic cuffing was present in two of the three afore­
mentioned controls and in another control rabbit. A small 
single hemorrhage was observed in the pons of one low-dose 
rabbit .. 

Heart--Recent and solitary hemorrhage was seen in the myocardium 
of three low-dose rabbits and in one high-dose rabbit. A small 
thrombus was seen in one low-dose rabbit. 

Kidney--Interstitial lymphocytic foci were seen in three controls 
and in one low-dose and one high-dose rabbit. 

Liver--Congestion was seen in two control, seven low-dose, and 
six high-dose rabbits. Slight focal hemorrhages were seen in 
one control. Foci of perivascular lymphocytes were seen in five 
control, three low-dose, and one high-dose rabbit. 

Lungs Control 75 ppm 250 ppm 

Atelectasis and emphysema 8/10 9/11 10/11 
Lymphocytic foci near 

bronchi, bronchioles, 
blood vessels 10/10 8/11 9/11 

Focal hemorrhage 1/10 0/11 0/11 
Focal edema 1/10 0/11 0/11 
Congestion 2/10 1/11 1/11 

Skin--A large, solitary hemorrhage was deep in the submucosa 
of one high-dose rabbit. 

Testes--Atrophy of the seminiferous tubules was diffuse in one 
testis of one control rabbit and focal in both testes of another 
control. The atrophy was accompanied by cellular debris and 
giant cell formation. One testis of one low-dose rabbit was 
moderately atrophic. 

Encephalitozoonosis often affects brain, kidney, liver, spleen, 

and sometimes other organs of rabbits. 'Some of the brain lesions 

seen here were undoubtedly caused by this disease, while others in the 

brain, liver, and kidneys were compatible with it. 

Generally, the lesions observed in the animals sacrificed at this 

time were spontaneous and sporadic and, therefore, not related to the 

treatment. 
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Rabbits Sacrificed After 24 Weeks 

Ten rabbits each remaining in the low-dose, high-dose, or control 

groups were sacrificed after 24 weeks (120 exposures). Bone, bone 

marrow, eyes, and skin were within normal limits in every rabbit. The 

following lesions were noted: 

Adrenals--A moderate focal hemorrhage was present in the cortex 
of one control rabbit. Congestion was observed in two low-dose 
animals and three high-dose rabbits. 

Brain--Paravascular foci of lymphocytes were found in four 
control rabbits. Encephalitozoonosis was evident in three 
control, six low-dose, and eight high-dose rabbits. 

Heart--Intramyocardial foci of lymphocytes were observed in 
four controls and in one low-dose and two high-dose rabbits. 
A moderate focus of hemorrhage was seen in the myocardium of 
one low-dose rabbit. 

Kidneys--Congestion of the kidneys was evident in nine controls 
and in eight low-dose and eight high-dose rabbits. Interstitial 
foci of lymphocytes were seen in six controls and in six low-dose 
and eight high-dose rabbits. Tubular adenoma, small and well 
circumscribed, was diagnosed in one control rabbit. A micro-
abcess was in the kidney of one low-dose rabbit. Dilated convoluted 
tubules were focal and prominent in one low-dose and in one 
high-dose rabbit. Regenerative cortical tubule foci were seen 
in one low-dose rabbit. 

Liver--Parenchymal lymphocytic foci were observed in the livers 
of seven control, seven low-dose, and seven high-dose rabbits. 
Two high-dose rabbits had a slight to moderate congestion of the 
liver. 

Lung Control 75 ppm 250 ppm 

Atelectasis 4/10 3/10 2/10 
Emphysema 0/10 1/10 0/10 
Atelectasis and emphysema 5/10 2/10 6/10 
Congestion 0/10 1/10 1/10 
Edema 0/10 0/10 1/10 
Hemorrhage 1/10 0/10 0/10 
Lymphocytic foci* 10/10 9/10 10/10 
Bronchopneumonia 0/10 0/10 1/10 

* Around blood vessels, bronchi, and bronchioles. 
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Testes--A few interstitial lymphocytic foci appeared in the 
testes of two controls and one low-dose rabbit. One testis 
was markedly atrophic in one high-dose rabbit; the other 
testis was normal. 

Generally, the lesions observed in the rabbits sacrificed after 

24 weeks of treatment can be explained on the basis of the encephalito­

zoonosis found in every treatment group and in the controls. Therefore, 

the effects found in the rabbits sacrificed at that time were not 

necessarily treatment-related. 
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DISCUSSION AND CONCLUSIONS 

Earlier Irish2 reported histological changes in the lungs, liver, 

and kidneys of rats, rabbits, and guinea pigs after repeated inhalation 

exposures to 1000 ppm chlorobenzene for 32 days. However, no changes 

were seen at levels of 200 ppm. The findings in this study suggest 

that, with longer exposure, damage may occur in the liver and kidneys 

of rats. For example, rats sacrificed at 11 weeks (55 exposures) 

had an increase in the liver-to-body weight ratio (p < .01) . In 

addition, the kidneys were in the upper normal weight range. At the 

end of 24 weeks (120 exposures), both the liver- and kidney-to-body 

weight ratios were significantly larger in the 250-ppm treatment group. 

Significant weight changes occurred only in the liver of rabbits after 

24 weeks of treatment, although there was also an absolute increase 

in kidney weight in the treatment groups. 

Histological changes were seen in rat kidneys after 11 and 24 

weeks of treatment and consisted of regenerating cortical tubules 

with cells that had basophilic cytoplasms that were often cuffed with 

lymphocytes. There was also liver congestion. In the rabbits, the 

"background pathology" in the controls was such that no changes could 

be determined in the treatment groups. Other histological findings 

that suggest a treatment relationship were seen in the adrenals of 

rats. After 11 and 24 weeks of treatment, there was vacuolization of 

some cells in the zona fasciculata that was found more frequently 

in the treated than the control rats. 

Hematology changes were more apparent in the rats than in the 

rabbits. Small differences in red cell parameters including an 

increase in microhematocrit (MCHC) and a decrease in micro cell volume 

(MCV) were seen in rats. An increase in platelets in both the treated 

groups of rats and rabbits after 11 weeks of chlorobenzene exposure 
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suggests some stimulation of the bone marrow megakaryocytes. However, 

the platelets were normal at the end of 24 treatment weeks. 

Clinical chemistry changes in both rats and rabbits were generally 

random and nonspecific. However, there was a decrease in SGOT activity 

in the rats at all three sacrifice periods and in rabbits at the 

24-week sacrifice. LDH activity was less affected but exhibited the 

same trend in decreased activity. These observations are difficult to 

interpret by themselves. However, when they are considered in the 

light of the other observations, a picture of a rather subtle toxicity 

emerges. If we consider the slight decrease in food utilization in 

the two treatment groups of rats and the enlarged liver in rats and 

rabbits, perhaps protein synthesis is being impaired, resulting in a 

decreased synthesis of SGOT (and possibly LDH) in the liver. 

In conclusion, exposure of rats and rabbits to 75 or 250 ppm 

chlorobenzene for 7 hours/day, 5 days/week for up to 24 weeks results 

in a decrease in food utilization in rats, increased liver and kidney 

weights in rats and rabbits, histopathological changes in the kidneys 

and adrenals of rats, possibly some changes in red cell microparameters 

and bone marrow, and a decrease in SGOT and LDH activity. The sum 

of these observations suggests that 75 ppm may be a marginal toxic 

concentration for the chronic daily inhalation of chlorobenzene vapors. 

Therefore, allowing for some safety margin, it is suggested that the 

safe working level be dropped tenfold to 5 to 10 ppm until such time 

that a lifespan study can be done to ensure the safety of the present 

working level of 75 ppm. 
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Appendix A 

STATISTICAL EVALUATION OF DATA COLLECTED FROM 
ANIMALS DURING INHALATION OF 0, 75, OR 250 PPM CHLOROBENZENE 
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Table A-4 

FOOD CONSUMPTION OF TREATED AND CONTROL RATS 

This was not evaluated statistically. 
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