Teble 22. Toxicity of chlorobenzenes after long-térm exposures

Compound; Species DoseP:<s

Reference
1,2,3-1CB Sprague-Davley ©, 1, 10, {males: O,  females: O,
1,2,4-TCE rat 100, 1000 0.97-0.08,  p.11-0.13,
1,3,5-TCH (weanling) ; my/ kg diet 0.7%a-0.21, 1.3-1.5,

(>99%) 5 animal=s each mixed with 7.6-7.8, 12-17,

Coté et al. sex/group sorn oil in 78-82 mpfity  101-146

{15a8; the diec per day; wg/ Ky per

day]

Resultg? Effect Levels®

no clinical signs of toxicity: deaths of one 1,2,3,-TCB:
high-dose female (not treatment related] and one 7.7 ng/kg per day:
male control (no apparent cause); statistically 1,2,4-TCB:
significant growth suppression in males exposed to 7.8 ng/kg per day:
10 or 1000 mg 1,2,3-TCB/kg: nephrosis in one male. 1,3,5-TCB;

exposed to 1000 mg 1,2,4-TCB/kg; significent
increase in liver/hody weight ratios in males
exposed to high dose of all 3 TCBs: significant
increase in serum LH (wales) and APDH (both sexes)
in animals exposed to 1000 mg 1,2,4-TCB/ky:
qualitatively similar” changes, mild o moderqte '
(all TCB isomers) okserved in the liver, thyroild,

and kidney, significant at high-dose levels only and

more gevere in males; histopathological changes

inelude: liver: mild to woderate increase in

cytoplasmic volume and anisokaryosis of hepatocytes;

sll jgowers produced fatty ilafiltration-most severe

at 1000 me 1,2,49-TCB/kg: thyroid: mild to moderate

changes (high-dose groups) inecluding reduction in

folligular size, increased epithelial height and

reduced colloid density; kidney: moderate changes in

the convoluted tubules of males exposed to 1000 my

1,3,5-TCB/ Xy

7.6 ng/ kg per day
{HOAEL)
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TRICHLOROBENZENES: RESULTS OF A THIRTEEN
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and V.E. Valli®
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ABSTRACT

Trichlorobenzenes (TRCBs)} are industrial chemicals and
environmental pollutants found in Great Lakes fish. The present
study was carried out to provide information on the toxic effects
of these chemicals in mammals. Groups of male and female weanling
rats were fed diets containing TRCB isomers at 1, 10, 100 or 1000
ppm for 13 weeks. The group of males fed 1000 ppm 1,2,3-TRCB diet
had reduced weight gain. No other clinical signs of toxicity were
observed. Increased relative liver and kidney weights occurred in
the highest dose groups of males for all 3 TRCBs. Of the 3
isomers, only 1,2,4~TRCB at 1000 ppm caused increases in hepatic
aminopyrine demethylase and aniline hydroxylase activities in male
rats, and aminopyrine demethylase in females. Serum blochemical
and hematological parameters measured were not affected. A1l

*To whom all correspoandence and requests for reprints should be
addressed.
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12 - COTE ET AL.

three TRCBs produced histological changes of a moderate degree in
the liver and thyroid of male rats at 1,000 ppm. Only 1,3,5-TRCR
elicited moderate renal changes in male rats fed 1,000 ppm.

Microscopic changes in the females were generally wilder than
those of the corresponding

males. Based on-.these data it was concluded that the non-
observable adverse effect levels for the three TRCBs were 100 ppm

in the diet, or 7.6 ~ 7.8 mg/kg b.w./day depending on the dietary
consumption.

INTRODUCTION

Trichlorobenzenes (TRCBs) are industrial chemicals that are
used as chemical intermediates in the synthesis of herbicides.
These chemicals are also used as dye carriers and as a
dielectrical fluid in electrical insulators and transformersl .
Trichlorobenzenes have been detected in Great Lakes fish, drinking
water and waste-water effluents around ng/L levels? »¥. Because
of the wide use of these chemicals together with subsequent
release into the environment, concern has been raised over the
potential health hazard to humans asscciated with occupational and
environmental exposure. Previous studies have demonstrated that
1,2,4-TRCB caused biochemical changes and hepatomegaly in rats,
dogs“ and rabbits®. Metabolism studies in the monyey and rat have
shown that 1,2,4-TRCB is biotransformed to a trichlorophencl, a
cysteine conjugate and dihydrodiol derivatives®. A reyiew of the
literature reveals a lack of adequate toxicity data ta permit the

assessment of health risks in humans exposed to these chemicals.

.The present study was designed to investigate the toxic effects in

the rats treated with trichlorobenzenes in the diet for 90 days.
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TRICHLORGBENZENES . 13

MATERIALS AND METHODS

1,2,3-, 1,2 4~ and 1,3,5-Trichlorobenzene were purchased from
Aldrich Chemical Co. (Midwaukee, Wis.). 1,2,3- and 1,3,5-TRCB
were purified by recrystallization in ﬁexanes to a purity of >99Z.
The 1,2,4-isomer, which had a purity of >99Z, was.used without
further purification. The purities of these compounds were
confirmed by thian layer chromatography and gas chromatography—mass
spectrometxy. All other chemicals and solvents were of reagent
grade obtained coumercially.

Preparation of Diet

The diet consumed by the control groups was prepared by
blending thoroughly ground cubes {Ralston Purina) with corn oil
(Mazola, 4% w/w). The test diets were made by mixing ground cubes
with corn o0il solutions containing appropriate amounts of test
chemicals ‘to give dietary levels of 1, 10, 100 or 1;000 ppm.
Fresh diets were made every fourth week throughout the study, and
kept in air-tight steel containers. Selection of dose levels was
based on a range~finding study in which the LDsg of the three TRCB
in rats were found to be 1,2,3-TRCB, 1.83 g/kg; 1,2,4-TRCB, 0.88
g/kg and 1,3,5-TRCB, 2.1 g/kg.

Animal Treatment

Weanling Sprague-Dawley rats (130 males and 130 females),
obtained from Charles River, Montreal, were divided into 13 groups
of 10 animals per group of each sex. The animals were housed
individually in stainless-steel mesh cages and acclimatized to

laboratory conditions for one week before initiation of the study.
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14 COTE ET AL.

The room temperature and relative humidity were kept at 22-24°C

and 40~60% respectively. A 12 hr alternated light/dark cycle was

maintained. The diet that each group of animals of both sexes

received is as follows:

Group 1 Control (4% corn oil in ground cubes)

. Group 2 1,2,4-Trichlorobenzene (TRCB) 1 ppm in ground
cubes

Group 3 1,2,4-TRCB 10 ppm

Group 4 1,2,4-TRCB 100 pém

Group 5 1,2,4-TRCB 1000 ppm

Group 6 - 1,2,3-TRCB 1 ppm

Group 7 1,2,3-TRGCB 10 ppm

Group 8 1,2,3~-TRCB 100 ppm

Group 9 1,2,3-TRCB 1000 ppm

Group 10 1,3,5-TRCB 1 ppm

Group 11 1,3,5-TRCE 10 ppm

Group 12 1,3,5-TRCB 100 ppm

Group 13 - 1,3,5-TRCB 1000 ppm

Body weight was determined weekly on all animals. In order to
avoid possible loss of test chemical by volatility,'the diet left
in the feeder was- replaced with fresh ones on a weekly basis.
Food consumption was recorded at Weeks 1, 4, 8 and 12 of study on
5 animals per group of both sexes. Urinalysis (pH, protein and

nitrite) was carried out on 5 animals per group per sex at Weeks
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4, 8 and 12 of study. Clinical examinations were performed on all
animals on a daily b;.sis.

At the end of the 13 week feeding period all animals were
anesthetized to surgical level with ether, and 'exsanguinated via
the abdominal aorta. All animals were examined grossly at thg
time of necropsy. The brain, heart, liver, spleen, zand kidneys

were excised and weighed. Blood samples collected at necropsy

were analyzed for the following parameters: hemoglobin, packed
cell volume, erythrocyte count (Baker Model 7000), -total and
differential leukocyte counts, platelet count, and prothrombin
time. Mean c¢orpuscular hemoglobin concenttation and mean
corpuscular hemoglobin values were calculated. Serum biochemical
profiles were determined in a Technicon microanalyzer (Model
12/60) and included sodium, potassium, imorganic phosphate, total
bilirubin, alkaline phosphatase, aspartate aminotransferase, total
protein, calcium,‘ cholesterol, glucose, wuric acid, and lactic

dehydrogenase.
Hepatic microsomal aniline hydroxylase (AH)7 and aminopyrine

demethylase (APDM)8 activities were determined based om the pre-;
viously reported methods adapted to automated instruments. Liver
protein content was determined by the biuret method®. A section
of femoral bone marrow was aspirated, spread on the slide from

which thin films were made, and stained with May-Griinwald-Giemsa
stain for cytoclogical evaluation. The following tissues were
taken aud.fixed in IQZ buffered formalin (pH 7.4) for routine
histological examination: eye, optic nerve, spinal cord, skin,

tongue, brain, pituitary, Iliver, adrenal, thyroid, parathyroid,
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TRICGHLOROBENZENES 17

growth suppression was only observed in groups fed 1,2,3-TRCB at

10 or 1,000 ppm. The weight gain and food consumption data and
the amount of test compounds ingested by male rats are presented
in Table 1. There was no decrease in growth rate or food con-
sumption in female rats. The approximate amount of test compounds
ingested by the females, expressed in the form of mg/kg b.w./day

are presented below:

Gross Changes

Fatty liver was observed in some of the male rats but the

incidence was of a sporadic nature, occurring in both countrol and
treated groups. One male rat receiving 1000 ppm 1,2,4-TRCB diet

had nephrosis. WNo gross changes were observed in female rats.

Organ Weights

Organ weight data are presented im Table 3. The liver/body
weight ratios of males receiving the highest dose of 3 TRCBs were

significantly greater than those of the control group. The wet
kidney weights as well as Lkidney/body weight ratios of males

receiving 1000 ppm 1,2,4-TRCB; 10 ppm or 100 ppm 1,3,5-TRCB diet
were higher compared to contrel values. The kidney/body weight
ratios of the groups of males fed diet containing 1, 10 or 1000
ppm 1,2,3-TRCB or 1000 ppm 1,3,5-TRCB were also significantly

greater than the control.

Biochemical Changes

None of the serum biliochemical constituents were affected by

exposure to TRCBs up to and including 1000 ppm in diet; these
274
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TABLE 1 -~ Food Consumption and Weight Gain of Male Rats Fed TRCB

o ke d 4 T S e e = = o e - RIS et mpamt e - - . i

. =
x©
Amount ofd
Treatment Food Consumption Initial Weight Weight Gain Chemlcal Ingested
(ppm in the diet) (g/rat) (g) (g) (ng/kg b.w./day)
Control 25 + 1.1(5)P 85 + 8(9) 471 £ 54(9) 0
1,2,54-TRCB
L 23+ 0.7(5) 85+ 5 453 + 27 0.07
10 25+ 1.2(5) 80+ 5 474 £ 47 0.78
100 25 + 1.1(5) 85+ 10 472 £ 42 7.8
1000 25+ 2.2(3) 84 £ 10 444 + 33 82
1,2,3~TRCB
1 24 £ 1.8(5) 80 5 447 + 37 0.08
10 23 £ 1,4(5) 82+ 6 425 + 43% 0.78
100 24 = 2.5(5) 84 t 6 458 = 47 7.6
1000 23 £ 0.8(5) 80t 4 423 + 42% _ 78
1,3,5-TRCB
1 26 + 1,4(5) 87 + 9 482 + 51 0.08
10 27 £ 0.5(5) 89+ 6 490 + 34 0.81
100 24 + 0.9(5) 85+ 5 450 £ 60 7.7
1000 26 £ 1.8(5) 84t 6 450 + 38 82
2 The amount of TRCB ingested is an approximate figure derived from the following formula: .
- ' o]
food consumption (g) x dietary concentration (ppm) =
average body weight e}
b Unless otherwise given in par:‘entheses results represent mean + §.D. derived from 10 animals. o

The food consumption was determined in 5 animals per group for all groups.
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Table 2 Amount of Chemical Ingested by Female Rats

Compound mg/kg b.w./day Compound mg/kg b.w./day
1,2,4-TRCB 1 (ppm) 0.11 1,3,5~TRCB 1 (ppm) 0.13
' 10 . 10 .5
100 15 100 17
1000 101 1000 146
1,2,3~TRCB 1 0.13
10 1.3
100 12
1000 113

included sodium, potassium, inorganic phosphate, total bilirubinm,
alkaline phésphatase, aspartate aminotransferase, total protein,
calcium, cholesterol, glucose, uric acid and lactate dehydro~
genase.

Measurements of hepatic mixed function oxidase activities
revealed that 1,2,4-TRCB at the 1000 ppm level caused a signifi-
cant elevation in AH and APDM activities In males, and APDM

activity in females.

AH: male umole PAP/hr/mg protein
Control: 8.0 3.4
Treated: 15.6 £ 6.2

APDM: male | pmole HCHO/hr/mg protein
Control: 23+ 3.6
Treated: 53+ 19
female pmole HCHO/hr/mg protein
Control: 24 £ 3.1 '
Treated: 41+ 7.4,

The remaining 2 TRCB isomers at the dose levels studied had

no effects on these hepatic microsomal enzyumes.
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TABLE 3 =~ Organ Weights of Male Rats Fed Diet Containing TRCB (mean * S.D.)}

02

Liver Kidney
Treatment Liver/b.w. ratio Kidney/b.w. ratic
(ppm in the diet) nd - ' Wet Weight (g) (% of b.w.) Wet Weight (g) (Z of b.w.)
Control 9 19.6 £ 2.7 3.5% 0.30 ) 1.56 £ 0.20 0.28 + 0.02
1,2,4~TRCB
1 10 17.8+ 2.5 3.3 + 0.43 1.57 £ 0.11 0.29 + 0.02
10 10 20,5 £ 2,3 3.7 £ 0.29 1.68 + 0.18 0.30 + 0.04
100 10 20.8 £ 2.0 3.7 £ 0.20 1.72 £+ 0.10 0.31 £ 0.02
1000 10 22.2 + 1.5 4.2+ 0.22% 2.04 ¥ O0.44% 0.38 £ 0.06%
1,2,3-TRCB :
1 10 18.8 &£ 1.7 3.6 £ 0.22 1.68 + 0.10 0.32 £ 0.03%
10 10 19.3 £ 2.5 3.8+ 0.29 1.64 + 0.14 0.32 £ 0.02%
100 10 19.4 + 3.1 3.6 + 0.31 1.60 + 0.20 0.29 + 0,02
1000 10 20.1 + 2.5 4.0t 3.4% 1.72 + 0.25 0.34 £ 0,04%
1,3,5-TRCB
1 _ 10 20.5 = 2.. 3.6 £ 0.24 1.75 t 0.16 0.31 + 0.03
10 10 21.8 + 1.9 3.8+ 0.21 1.87 £ 0.27% 0.32 £ 0.04%
100 10 20,1 + 4.2 3.7 £ 0.41 1.85 t 0.22% 0.35 + 0.03*%
1000 10 21.0 + 3.4 3.9 0.60% 1.69 + 0.17 0.32 + 0.04%

2 Number of animals.

# Significantly different from the control (P < 0.05).
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TRICHLOROBENZENES 21

Hematolopical Changes

Treatment with 3 TRCBs had no effects on any hematological

parameters monitored in this study.

Histopathology

The liver, thyreoid and kidney were the organs which had
treatment—-related changes. The changes were qualitatively similar
for all 3 TRCB isomers, and for the most part, were mild in nature
and judged to be significant only at the highest dose level. 1In
general, mﬁfpholegical alterations in males were more severe than

those of females.

Microscopic changes in the livers of most treated groups
consisted of a mild to moderate imncrease in cytoplasmic volume and
anisokaryosis of hepatocytes observed wmostly in perivenocus and
nidzone areas. Animals treated with 1000 ppm 1,2,4-TRCB had
marked changes characterized by aggregated basophilia as well as
widespread midzonal vacuolation due to fatty infiltration. The
1,2,3- and 1,3,5~isomers, showéd the same changes but were milder.

Changes in the thyreid were characterized by reduction imn
follicular size, dincreased epithelial height from flattened
cuboidal cells to columnar shape; and reduced colloid density.
Depending on the dose, tﬁe severity of these changes varied from
minimal in the low dose groups to mild and woderate changes in the
high dose groups.

Of the three isomers tested, only 1,3,5-TRCB resulted io mild

to moderate renal chamnges in the convoluted tubules. The changes

were characterized by eosinophilic inclusions, enlargement and
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22 COTE ET AL.

anisokaryosis of the epithelial Ilining cells and hyperplasia of

renal tubular epithelial cells. The renal changes for mogt groups
were considered to be mild, and only those changes associated with

the 1000 ppm dose level were considered to be biologically signi~

ficant.

Urinalysis

No significant treatment—-related changes were observed in any

of the urinary parameters moaitored.

Residue Analysis .

Table 4 presents the residue data in fat and liver of rats.
There was a dose-dependent accumulation in bath fat and liver in
the following order:

1,3,5-TRCB > 1,2,4-TRCB > 1,2,3-TRCB.

The levels of TRCB in fat were one order of magnitude higher than

those found in liver.

DISCUSSION
Treatment with TRCBs resulted in growth suppression, iIn-
creased organ weight, hepatic microsomal enzyme Inductiom and mild
histological changes; most of these only occurred in the male rats
exposed to the highest dose of TRUBs. The growth suppression
observed in the 10 and 1,000 ppm 1,Z,3-TRCB but pot in the 100 ppm
group would indicate that the effect at 10 ppm is probably an

incidental finding, since it is not elearly dose-dependent.
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TABLE 4 ~ Trichlorobenzene Residues (ppm) in Liver aud Fat? E
‘ £
P
Males Female g
o
Treatment %
(ppm in the diet) Liver Fat Liver Fat =
a
Control Npb ND ND ND
1,2,4~TRCB
1 ND ND ND ND
10 ND 0.37 £+ 0.12 ND 0.26 + (0,03
100 0.25 * 0.07 3.5 + 1.1 0.1 + 0.03 2,7 + 0.39
1000 2.5 = 0.1 36 + 12 1.0+ 0.83 19 + 2.7
1,2,3~TRCB
1 ND ND ND ND
10 ND 0.1 = 0.04 ND ND
100 0.24 + 0,07 1.2 + 0.31 ND 0.63 + 0.15
1000 1.4 + 0.55 15.5 + 7.4 0.73 + 0.37 7.8 £ 2.8
1,3,5-TRCB
1 ND 0.21 £ 0.07 ND 0.1 + 0.02
10 ND 1.3 * 0.26 ND 0.43  0.11
100 0.37 + 0.11 7.3 + 2.1 0.14 £ 0.03 4.0 + 0,86
1000 4,3 + 1.4 76 * 13 1.9 + 0.88 49 * 17

4 Data represent mean * 5.D. obtained from 5 animals

b Non-detectable; the limit of detection is 0.0l ppm.
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24 COTE ET AL.

However there is a general trend towards a lower weight gain in

the 1000 ppm groups of males.

In our study, dietary exposure of rats to 3 TRCBs at the
1,000 ppm level resulted in increases of relative liver and kidney
welghts. Similar findings have been documented by Kociba et al
(1981)* who observed that rats exposed to 100 ppm of 1,2,4-TRCB by
inhalation, 7 h/day for 30 days had increased liver and kidney
weights.

Although the relative kidney weights of the males exposed to
i, 10 and 1,000 ppm 1,2,3-TRCB or 1000 ppm 1,2,5-TRCB were
staristically higher than those of the controls (Table 3),
histopathological examination of this organ failed to reveal any
abnormal changes, neither did the wurinalysis. However, the
increased renal weight at 10, 100 and 1000 ppm 1,3,5-TRCB was
accompanied by histological changes.

0f the 3 TRCBs examined in the present study, only the 1,2,4-
isomer resulted in elevated hepatic microsomal AH and APDM
activities. These data are consistent with those of Goldstein et
al (1982)2 who reported an increase in rat hepatic microsomal APDM
activity following administration of chlorinated benzenes including

1,2,4-TRCB at 250 mg/kg b.w./day for 7 days. The hepatic micro-

somal enzyme induction observed in the present study is consistent.

with the morphological changes 1in the liver characterized by
increased eosinophilia and cytoplasmic volume. Ariyoshi et al
(1975 a,b)*3,'™ have shown that 1,3,5-TRCB is capable of inducing

hepatic microsomal AH activity in rat at 250 mg/kg b.w. Thus the
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TRICHLOROBERZENES 23

failure to observe increased AH activity in our study may be
attributed to the lower dose used (82 mg/kg b.w./day, Table 1).

Tissue vresidue data in the present study revealed that
1,3,5-TRCB residues accumulated to a higher level in fat and liver
than those of the other two isomers. These data confirmed the
results of our earlier pharmacokin;tic study which demonstrated
that tissue 1%C-contents was the highest for rats dosed orally with
1,3,5~TRCB (Chu et al, 1987)5,

Histopathological changes for the most part were wmild in
nature. Only those produced in the liver and thyroid at 1000 ppm
of 3 TRCBs aé well as those in the kidney by 1000 ppm 1,3,5-TRCB
were considered to be biologically significant. At these dose
levels, some functional changes were also observed.

In the present studf the effects observed for TRCB isomers can

be summarized as follows:

1,2,4-TRCB: Significant increases in liver and kidney weights, and
microsomal enzyme activities at 1,000 ppm; mild to

moderate histological changes in the liver and thyroid

at 1,000 ppm.

1,2,3-TRCB: Growth suppression at 1000 ppm; mild to moderate

morphological changes in the liver and thyreoid at

1,000 ppm.

1,3,5-TRCB: Moderate histological changes in the kidney, liver
and thyroid at 1,000 ppm; increased fglative liver and

kidney weights at 1,000 ppm.
282
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Based on the data summarized above, we conclude that the
uan—observable adverse effect levels are 100 ppm for all three
TRCBs or 7.8 mg/kg b.w./day (1,2,46~), 7.7 mg/kg b.w./day (1,2,3-)
or 7.6 mg/kg b.w./day (1,3,5-) depending on the dietary con-
sumption.

The highest TRCB (1,2,4-~) level found in lake ¢rout is 5
ppba. Assuming the average fish consumption is 16.6
gl&ayfpersonla, this would give rise to an estimated daily iantake
of 83 ng TRCB/person/day for a person of 60 kg b.w., or 1.4 ng
TRCB/Rg b.w.fday. Since the non-observable adverse effect level
has been found to be 7.8 mg/kg b.w./day (1,2,4~), there exists a
5.6 x 10° times safety factor between the potential human exposure

and the effect level in the rat.

Acknowledgement

The anthors are indebted to Mrs. N. Beament, Mrs. B. Reed, Ms.
M. Morrisett, Mr. J. Kelly, Mr. A. Viau and Mr. A. Yagminas for
technical aséistance; Mrs. M. Beaudette for data handling and Mrs.
J. 1Ireland for typing the manuscript. We also thank Drs. L.
Whitehouse and R. Moody for useful discussions and a review of the

manuscript.

REFERENCES

1. US Environmental Protection Agency, Health Assessment Document
for Chlorinated Benzenes. (No. 600/8-84-015A) (1984).

2. D.W. Kuehl, K.L. Johnson, B.C. Butterworth, E.N. Leonard and

G.D. Veith. Quantification of octachlorostyrene and related
compounds in Great Lakes fish by gas chromatography-mass

spectrometry. J. Great Lakes Res. 7, 330 (1981).

s

I S




TRICHLOROBENZENES ‘ 27

10.

11'

12.

14,

B.G. Oliver, and K.D. Nicol. Chlorobenzenes in sediments,
water and selected fish from Lakes Superior, Huronm, Erie and
Ontario. Environ. Sci. Techmel. 16, 532 (1982).

R.J. Kociba, B.K.J. Leong and R.E. Hefner, Jr. Subchronic

toxicity of 1,2,4~trichlorobenzene in the rat, rabbit and
beagle dog. Drug. Chem. Toxicol. 4, 229 (1981).

K.S. Rao, K.A. Johmnson and J.W. Henck. Subchronic toxicity of
trichlorobenzene in the rabbit. Drug Chem. Toxicol. 3, 249
(1982).

R.D. Lingg, W.H. Kaylor, S.M. Pyle, F.C. Kopfler, C.C. Smith,
G.F. Wolfe and S. Cragg. Comparative metabolism of

1,2,4-trichlorobenzene in the rat and rhesus wmonkey. Drug .

Metab. Dispos. 10, 134 (1982).

J.R. Fouts. Factors influencing the metabolism of drugs in
liver microsomes. Amm. N.¥. Acad. Sci. 104, 875 (1963).

J. Cochin and J. Axelrod. Biochemical and pharmacological
changes in the 'rat following chronie administration of
morphine, naleorphine and normorphine. J. Pharmacol. Exp.
Therap. 125, 105 {1959).

A.G. Gornall, C.J. Bardawill and M.M. David. Determination of

serum proteins by means of biuret reaction. - J. Biol. Chem,
177, 751 (1948).

D.C. Villeneuve, V.E. Valli, I. Chu, V. Secours, L. Ritter and
G.C. Becking. Ninety-day toxicity of photomirex in the male
rat. Toxicology, 12, 235 (1979).

W.H. Nie, C.H. Hull, J.G. Jenkins, K. Steinbreaner and D.H.
Bent. Statistical Programs for the Social Sciences, SPSS,
Inc., Chicago, (1977).

J.A. Goldstein, P. Linko, J.N. Huckins and D.L. Stalling.
Structure activity relationship of chlorinated benzenes as
inducers of different forms of cytochrome P-450 in rat liver.
Chem-Biol. Interactioms, 4L, 131 (1982).

T. Ariyoshi, K. Ideguchi, Y. Ishizuka, K. Iwasaki and M.
Arakaki. Relationship between chemical structures and
activity TI. Effects of number of chlorinated atoms in
chlorinated benzenes on the components of drug-metabolizing
system and the hepatic coustituents. Chem. Pharm. Bull. 23,
817 {1975a).

T. Ariyoshi, ¥. Ideguchi, K. Iwasazki and M. Arakaki.
Relationship ©between chemical structure and activity 1I.
Influences of isomers in dichlorobenzene, trichlorobenzene and
tetrachlorobenzene on the activities of drug-metabolizing
enzymes. Chem. Pharm. Bull. 23, 824 (1975b).

284

me i

o Ewee e.t

S mp L s L
i et R zr e

voae L
et

4
.’I.A!; !
Ny
o




28 .

15.

16.

COTE ET AL.

I. Chu, D.J. Murdoch, D.C. Villeneuve and A. Viau. Tissue
distribution and elimination of trichlorobenzenes in the rat.
J. Environ. Health Sci. (B). in press (1987).

Statistics Canada Report No. 32-230 (1983) Apparent per capita
food cousumption in Canada-

i = RN S T I TS SRR TR TS e 1y ety et A TSR e et






