
ECOTOXICOLCGY AND ENVIRONMENTAL SAFETY 9,233-240 (1985) 

Lifetime Toxicity of Chloroform and Bromodichloromethane 
when Administered over a Lifetime in Rats 

CASIMIR F. TUMASONIS, DONALD N. MCMARTIN, AND BRIAN BUSH 

Division cf Lahoralories and Research, New York State Department cf Health, Albany, New York 12201 

Received April 27, 1984 

Chloroform (CHCl,) and bromodichkoromethane (CHBrQ) are the two most common 
haloorganic contaminants of chlorinated drinking water. A significantly increased incidence of 
hepatic neoplastic nodules was found xn female rats when each of these compounds was 
administered in drinking water to Wistar rats throughout their life span. Hepatic adenofibrosis 
was also produced by chronic ingestion of these two halomethanes. RI ~8s Academ,c PB. IIIC. 

INTRODUCTION 

Chloroform (CHC13) and bromodichloromethane (CHBrClJ were detected by 
Bush et al. (1977) in 100 and 94%, respectively, of water samples from 29 public 
water supplies surveyed in New York state. A similar survey of the water of 70 
Canadian municipalities showed the presence of CHC13, CHBrQ, chlorodibromo- 
methane (CHBr*Cl), and bromoform (CHBr3) (Environmental Health Directorate, 
1977). More recently Schreiber (I 98 1. ) reported on the occurrence of trihalomethane 
in public water supply systems of New York state. Previous studies (Bellar et al., 
1974; Dowty et al., 1975; USEPA, 1975) have also indicated a number of 
haloorganics to be present in publicly supplied drinking water in other areas of the 
United States. 

Public awareness of the presence of haloorganics in drinking water has been 
promoted in nontechnical articles (Haber, 1976; Wade, 1977). Concern over the 
hazards associated with these compounds in public drinking water continues (Gillies, 
1978; National Research Council, 1978; Winslow and Gerstner, 1978; Chu et al., 
1980: Maugh, 1981). 

The chronic toxicity of CHC13 has been examined in several studies. In a study 
conducted by NC1 (1976), oral administration of CHC13 was concluded to produce 
hepatomas in mice and renal tumors in male Sprague-Dawley rats. Reuber (1979) 
independently examined the slides of liver tissues from the same rats and claimed 
to have found a statistically significant number of hepatic cholangiocarcinomas in 
the female rats. CHC13, following long-term administration in a toothpaste base, 
produced renal tumors in mice (Roe et al., 1979) but was not considered to be 
carcinogenic to Sprague-Dawley rats by Palmer et al. (1979). The chronic toxicity 
of CHBrCl?, the second most common haloorganic contaminant of drinking water, 
has not been examined. In the present study we show that significantly increased 
incidences of neoplastic nodules were found in livers of female rats ingesting either 
CHC13 or CHBrC& in their drinking water. 
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MATERIALS AND METHODS 

The rats used are of a Wistar stock that has been maintained as a closed colony 
by this Department. They were maintained in a temperature-controlled room 
(21 ? 2°C) with a relative humidity of 50-60%, and 20 air changes per hour. All 
rats were housed on wood-shavings bedding and were fed (Wayne Lab Blox) and 
watered ad libitum. 

Haloorganic treatment was initiated with weanlings at 2 ml (2.9 g) CHCl,/liter 
drinking water (24 m&Y), or 1.2 ml (2.4 g) CHBrCl*/liter drinking water (15 mM). 
The water used was city drinking water. This concentration was near the maximal 
level acceptable to the rats. In preliminary studies these concentrations of the 
haloorganics when administered to S-week old male and female Wistar rats for 3 
weeks failed to produce histologic lesions in their livers, kidneys, or hearts. 
Concentrations of these halomethanes were halved at 72 weeks after initiation of 
treatment because of a gradually increasing intake of water by the experimental 
rats. Water intake was measured weekly, at which time unused portions were 
replaced with freshly prepared solutions. Concentrations of CHC13 (Baker’s analyzed) 
and CHBrQ (Aldrich, analyzed) were measured periodically by the method of 
Narang and Bush (1980) using gas chromatography with an electron-capture 
detector. The concentration of the test chemicals remained essentially unchanged 
while in the rat water bottles for a week’s duration. 

All rats were identified by ear punching and weighed weekly for the first 24 
weeks, biweekly for the next 20 weeks, and thereafter at 4-week intervals. 

Rats were killed with diethyl ether or carbon dioxide when judged to be moribund 
or for humane reasons when a large tumor was noted. Sections of livers from all 
necropsied rats, and sections from other organs with grossly observable lesions were 
examined histologically following fixation in 10% buffered Formalin, embedding in 
paraffin, and staining with hematoxylin and eosin. Severely cannibalized or autolyzed 
animals were not necropsied. Tumor incidences in the necropsied rats were analyzed 
statistically by Fisher’s exact test and survival curves were drawn using the BMDP 
computer programs (Brown, 1977). 

RESULTS 

Growth-weight curves for both sexes of CHC13- and CHBrQ-treated rats and 
for the untreated controls are shown in Fig. 1. Treated rats weighed less than their 
controls at all ages. Figures 2 and 3 show the intake of CHC13 and CHBrC&. 
respectively, on a milligram per kilogram body weight basis. From the 5th to the 
15- 17th week of age, intake of the halomethanes by males and females in each test 
group were equal. Subsequently females had a higher intake of the halomethanes. 

Survival curves of rats with hepatic adenofibrosis and neoplastic nodules are 
compared to those of all rats necropsied in each of the experimental and control 
groups (Fig. 4). 

Table 1 summarizes the major tumor types found in necropsied rats. The 
incidence of neoplastic nodules was significantly increased in CHCIX- and CHBrQ- 
treated female rats above the incidence found in control females. Two hepatocellular 
carcinomas also developed in CHC13-treated rats. This is the first known report 
associating CHBrC12 with carcinogenesis. 
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FIG. 1. Average weight gains in Wistar rats ingesting chloroform and bromodichloromethane. and in 
untreated controls, during their life span. 

The incidence of adenofibrosis was significantly increased in CHBrClz-treated 
females and in both sexes of CHClrtreated animals above the 0% incidence in 
controls (Table 1). Macroscopically, adenofibrosis appeared as one or more firm, 
tan mass replacing part or all of the normal hepatic tissue of one or more of the 
liver lobes. The masses were either enlarged with a coarsely nodular or shiny surface, 
or were confined within the liver lobes which retained their original shape. 
Occasionally, round masses 2 to 8 mm in diameter, with depressed centers were 
noted as discrete areas in otherwise normal appearing liver. Compensatory hyper- 
trophy of otherwise normal appearing lobes occurred when adenofibrotic lobes were 
heavily involved. 

Microscopically (Fig. 5), areas of adenofibrosis contained groups of acini or cysts 
often incompletely lined with tall atypical basophilic columnar cells especially on 
the advancing rim of the lesion. Mitotic figures in these cells varied from 0 to 3 per 
high-power field. The cysts, and often the acini, were filled with cellular debris or 
amorphous proteinaceous material. Fibroplasia was also most prominent on the 
outer edge of the lesion with the centers of large lesions appearing fibrotic and 
relatively acellular. Other areas containing densely packed acini lined with low 

FIG. 2. Intake of CHCl, on a mg/kg body wt basis by male and female Wistar rats over their lifespan. 
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FIG. 3. Intake of CHBrClz on a mg/kg body wt basis by male and female Wistar rats over their lifespan. 

MALE FEMALE 
100 - -_.---. ~~~ 

4 1 b . 

080 -~ LJ 
b. by . 

" 
A! ? 

0.60 $ 
8. 

3 
d 
0: 
"I 

040 k-7 b 
bj 

0.20 
s 

", . 

1,: ,,,, I ,,,,,,,,,,,,, :,;,,. 
& 

0 i 

I .oo 
iz 
5 0.80 
5 
5 -0.60 

go40 
F 
5 po20 

B 
p 0 

0.80 

060 

J 

20 40 60 80 100 lx) I40 160’1860 

AGE (weeks) 

FIG. 4. Survival curves of control and experimental rats with and without neoplastic nodules (m). 
hepatic adenofibrosis (0); all necropsied rats (0). 



TOXICITY OF CHLOROFORM AND CHBrClz IN RATS 237 

TABLE 1 

MAJORTIJMORSFOUNDINCONTROL,CHLOROFORM-,ANDBROMO- 
DICHLOROMETHANE-TREATEDRATS 

Tumors Control 

Males 

CHC& CHBrClz Control 

Females 

CHCl, CHBrClz 

Neoplastic 
nodules 5 (23)” 5 (18) 6 (13) 0 (0) 10 (25)d 17 (32)h 

Hepatic 
adenofibrosis 0 (0) 17 (61)” 1 (2) 0 (0) 34 (85)h 12 (23)d 

Lymphosarcoma 14 (64) 6 (21)’ 9 (19)” 2 (11) 4 (10) 9 (17)’ 
Pituitary tumor 1 (5) 2 (7) lO(21) 6 (33) 1 (3)‘ 5 (9V 
Mammary 

tumor 0 (0) 0 (0) 0 (0) 8 (44) 0 (0)” 3 (6)h 

No. rats 
necropsied 22 28 47 18 40 53 

No. rats started 26 32 58 22 45 58 

a Number and percentage ( ) of rats with this tumor. Several rats had two tumors present. 
h P < 0.001 compared to control of same sex. 
’ P < 0.01 compared to control of same sex. 
d P < 0.03 compared to control of same sex. 

cuboidal epithelium were sometimes present near and occasionally intermingled 
with the previously described more proliferative lesions. 

Table 2 summarizes the various miscellaneous tumors found in necropsied rats 
after histopathological examination of these lesions. All tumors that have been 
diagnosed by others as lymphosarcomas, plasma cell lymphomas (M. Bishop, 
unpublished; Henry and Farrer-Brown, 1977) and reticulum cell sarcomas (Swaen 
and Van Heerde, 1973) were grouped under the designation “lymphosarcoma.” In 
contrast to the NC1 Study on CHC13, only a few renal tumors were induced by this 
halomethane in our rats. One renal adenocarcinoma was found in each of the male 
and female CHBrC& and one male of the CHC13-treated groups, and a renal 
adenoma appeared in one male CHC13-, and one male CHBrQ-treated rat (Ta- 
ble 2). 

DISCUSSION 

CHBrC&, the second most commonly reported contaminant of chlorinated 
drinking water (Bush et al., 1977) was shown to be carcinogenic to rats ingesting it 
in their drinking water. This is the first known report of the neoplasmogenic ability 
of CHBrQ. Both this compound and CHC13, which was used as a positive control, 
produced intrahepatic lesions. 

The production of neoplastic nodules in our rats ingesting CHC13 also adds 
support to other studies (Eschenbrenner, 1945; National Cancer Institute, 1976; 
Palmer et al., 1979) demonstrating the carcinogenicity of CHC13. This is of special 
interest in view of an epidemiological study (Hogan et al., 1979) showing the 
possible association between incidences of certain human cancers and CHC13 levels 
in drinking water. CHCl3 may have other adverse effects related to cancer. Cape1 et 
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FIG. 5. Outer edge of an area of adenotibrosis. Debris-filled cysts are lined by tall basophilic cells and 
are surrounded by fibroplastic tissue. Hematoxylin and eosin. X80. 

al. (1979) found that certain experimental tumors grew faster and metastisized more 
often in mice drinking CHCl,containing water. 

Induction of hepatic lesions vs other tumor types (e.g., renal carcinomas) as in 
the NC1 study may be related to the genetic makeup of our Wistar rats, or to the 
route of exposure to the haloorganics. We feel that administration of these 
compounds in drinking water is a more natural method than gavage since such 
voluntary intake results in lower and more prolonged blood and liver haloorganic 
concentrations. 
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TABLE 2 

MISCELLANEOUS TUMORS FOUND IN NECROPSIED CONTROL AND EXPERIMENTAL RATS 

Controls CHCI-( CHBrC12 

Tumor M F M F M F 

Hepatocellular carcinoma 
Hemangioma 
Hemangiosarcoma 
Renal adenoma 
Renal adenocarcinoma 
Fibroma 
Fibrosarcoma 
Lipoma 
Keratoacanthoma 
Squamous cell carcinoma 
Adrenal cortical adenoma 
Adrenal cortical carcinoma 
Adrenal pheochromocytoma 
Islet cell adenoma 
Islet cell carcinoma 
Thyroid adenoma 
Rhabdomyosarcoma 
Leiomyoma 
Leiomyosarcoma 
Mesothelioma 
Prostatic carcinoma 
Glioblastoma 
Oligodendroglioma 
Astrocytoma 
Neurofibroma 
Meningioma 

1 
I 1 
2 

I 
1 

2 2 

1 

I 

1 

1 

I 
I 
I 

1 
1 
2 
I 

3 
1 

1 

I 
I 

2 

4 

I 
2 
1 

I 

1 

1 
I 

Our use of “adenofibrosis” as a diagnostic term is a conservative one and is based 
on the classification proposed by the Institute of Laboratory Animal Resources of 
the National Academy of Sciences (1980). This report expressed doubt that “bile 
duct cells in the rat give rise to adenomatous tumors, i.e., cholangiocarcinomas.” 
Terao and Nakano (I 974) suggested that this proliferative lesion of bile ducts, which 
has been produced by several hepatocarcinogens, may not be merely reactive but 
may possess the autonomous properties of a tumor. Indeed, Schauer and Kunze 
(1976) in their chapter on rat liver tumors designated lesions similar to those in our 
rats as cholangiocellular carcinomas. 

Our findings of the carcinogenicity of CHC13 and CHBrC&, two common 
contaminants of chlorinated drinking water, should provide further impetus to more 
fully evaluate the relative risks of different methods of water purification, especially 
of publicly supplied water. 
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