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Preface

One of the primary goals of WHO and its member states is that “all people, whatever
their stage of development and their social and economic conditions, have the right to
have access to an adequate supply of safe drinking water.” A major WHO function to
achieve such goals is the responsibility “to propose ... regulations, and to make
recommendations with respect to international health matters ....”

The first WHO document dealing specifically with public drinking-water quality was
published in 1958 as International Standards for Drinking-water. It was subsequently
revised in 1963 and in 1971 under the same title. In 1984-1985, the first edition of the
WHO Guidelines for Drinking-water Quality (GDWQ) was published in three
volumes: Volume 1, Recommendations; Volume 2, Health criteria and other
supporting information; and Volume 3, Surveillance and control of community
supplies. Second editions of these volumes were published in 1993, 1996 and 1997,
respectively. Addenda to Volumes 1 and 2 of the second edition were published in
1998, addressing selected chemicals. An addendum on microbiological aspects
reviewing selected microorganisms was published in 2002.

The GDWQ are subject to a rolling revision process. Through this process, microbial,
chemical and radiological aspects of drinking-water are subject to periodic review,
and documentation related to aspects of protection and control of public drinking-
water quality is accordingly prepared/updated.

Since the first edition of the GDWQ, WHO has published information on health
criteria and other supporting information to the GDWQ, describing the approaches
used in deriving guideline values and presenting critical reviews and evaluations of
the effects on human health of the substances or contaminants examined in drinking-
water.

For each chemical contaminant or substance considered, a lead institution prepared a
health criteria document evaluating the risks for human health from exposure to the
particular chemical in drinking-water. Institutions from Canada, Denmark, Finland,
France, Germany, Italy, Japan, Netherlands, Norway, Poland, Sweden, United
Kingdom and United States of America prepared the requested health criteria
documents.

Under the responsibility of the coordinators for a group of chemicals considered in the
guidelines, the draft health criteria documents were submitted to a number of
scientific institutions and selected experts for peer review. Comments were taken into
consideration by the coordinators and authors before the documents were submitted
for final evaluation by the experts meetings. A “final task force” meeting reviewed the
health risk assessments and public and peer review comments and, where appropriate,
decided upon guideline values. During preparation of the third edition of the GDWQ),
it was decided to include a public review via the world wide web in the process of
development of the health criteria documents.



During the preparation of health criteria documents and at experts meetings, careful
consideration was given to information available in previous risk assessments carried
out by the International Programme on Chemical Safety, in its Environmental Health
Criteria monographs and Concise International Chemical Assessment Documents, the
International Agency for Research on Cancer, the joint FAO/WHO Meetings on
Pesticide Residues and the joint FAO/WHO Expert Committee on Food Additives
(which evaluates contaminants such as lead, cadmium, nitrate and nitrite, in addition
to food additives).

Further up-to-date information on the GDWQ and the process of their development is
available on the WHO internet site and in the current edition of the GDWQ.



Acknowledgements

Monochlorobenzene in Drinking-water, Background document for development of
WHO Guidelines for Drinking-water Quality, is an update of the background
document published in the second edition of the GDWQ.

The work of the following working group coordinators was crucial in the
development of this document and others in the third edition:

Mr J.K. Fawell, United Kingdom (Organic and inorganic constituents)

Dr E. Ohanian, Environmental Protection Agency, USA (Disinfectants and
disinfection by-products)

Ms M. Giddings, Health Canada (Disinfectants and disinfection by-products)

Dr P. Toft, Canada (Pesticides)

Prof. Y. Magara, Hokkaido University, Japan (Analytical achievability)

Mr P. Jackson, WRc-NSF, United Kingdom (Treatment achievability)

The contribution of peer reviewers is greatly appreciated. The draft text was posted on
the world wide web for comments from the public. The revised text and the comments
were discussed at the Final Task Force Meeting for the third edition of the GDWQ,
held on 31 March to 4 April 2003, at which time the present version was finalized.
The input of those who provided comments and of participants in the meeting is
gratefully reflected in the final text.

The WHO coordinators were as follows:

Dr J. Bartram, Coordinator, Water Sanitation and Health Programme, WHO
Headquarters, and formerly WHO European Centre for Environmental
Health

Mr P. Callan, Water Sanitation and Health Programme, WHO Headquarters

Mr H. Hashizume, Water Sanitation and Health Programme, WHO
Headquarters

Ms C. Vickers provided a liaison with the International Chemical Safety Programme,
WHO Headquarters.

Ms Marla Sheffer of Ottawa, Canada, was responsible for the scientific editing of the
document.

Many individuals from various countries contributed to the development of the
GDWQ. The efforts of all who contributed to the preparation of this document and in
particular those who provided peer or public domain review comment are greatly
appreciated.



CAS
DNA
LDso
LOAEL
MCB
NOAEL
TDI
USA

Acronyms and abbreviations used in the text

Chemical Abstracts Service
deoxyribonucleic acid

median lethal dose
lowest-observed-adverse-effect level
monochlorobenzene
no-observed-adverse-effect level
tolerable daily intake

United States of America



Table of contents

1. GENERAL DESCRIPTION ...ttt 1
0 0 [ 0 ) SRS 1
1.2 Physicochemical PrOPErties ..........ccoiiiriiiniiire e 1
1.3 OrganoleptiC PrOPEITIES. .......cvciiiiiriieiice e 1
1.4 IVIBJOT USES ...ttt bbbt bbbt bbbt bbb b et e 1
1.5 ENVIronmental fate..........ocoooiiiiiie s 1

2. ANALYTICAL METHODS ..ottt 1

3. ENVIRONMENTAL LEVELS AND HUMAN EXPOSURE..........ccccccoiiininininnnns 2
B L AT bbb bbbt n et r e 2
L2 WBLET ... 2
BB 00U ..ttt n et e s 2
3.4 Estimated total exposure and relative contribution of drinking-water................. 2

4. KINETICS AND METABOLISM IN LABORATORY ANIMALS AND

HUMANDNS s 2
5. EFFECTS ON LABORATORY ANIMALS AND IN VITRO TEST SYSTEMS....2
5.1 ACULE BXPOSUIE. ... ettt ettt ettt et ettt et e be e st e b be et e st b e esbeebeesbeesrnesnbeesaeeas 2
5.2 SNOI-TEIMN XPOSUIE.....veveeeeeiiesieetiesieeree e eseesteesee e eseesseeneesseeseesbeeneesseeneesseensessens 2
5.3 LONG-TEIM BXPOSUIE ... eiee ettt ettt e st et eete e st e esteeneeesaeesneeeneeesneenneeas 3
5.4 Reproductive and developmental tOXICITY ........cccoevveririieieiiee e 3
5.5 Mutagenicity and related end-points...........cccceviiriiiniinin e 3
5.6 CarCiNOGENICITY ..euveeveeiieieeiieeie st eie e e ee e e e ste et e teeseesteeneesreeeesreeseesseeneesreesenneas 3
6. EFFECTS ON HUMANS ... .o e 4
7. CONCLUSIONS ..ot 4

8. REFERENCES ..ot 4






1. GENERAL DESCRIPTION

1.1 Identity
CAS No.: 108-90-7
Molecular formula: CsHsCl

1.2 Physicochemical properties’ (1-3)

Property Value

Melting point -45.6 °C

Boiling point 132.0°C

Density 1.1058 g/cm?® at 20 °C
Water solubility 500 mg/litre at 20 °C
Log octanol-water partition coefficient 2.84

Vapour pressure 1.18 kPa at 20 °C

1.3 Organoleptic properties

Taste and odour thresholds of 10-20 ug/litre (4) and odour thresholds of 50, 40-120
and 100 pg/litre (2,5,6) have been reported for monochlorobenzene (MCB).

1.4 Major uses

MCB is used mainly as a solvent in pesticide formulations, as a degreasing agent and
as an intermediate in the synthesis of other halogenated organic compounds.

1.5 Environmental fate

The concentration of MCB released into water and onto land will decrease mainly
because of volatilization into the atmosphere. In water, some biodegradation also
occurs, proceeding more rapidly in fresh water than in estuarine and marine waters.
The rate is also more rapid if there has been acclimatization of the degrading
microorganisms. Some adsorption onto organic sediments occurs (3). MCB is
relatively mobile in sandy soil and aquifer material and biodegrades slowly in these
soils; it may therefore leach into groundwater (3). The octanol-water partition
coefficient suggests that little or no bioconcentration of MCB will occur in aquatic
species.

2. ANALYTICAL METHODS

A standard method for chlorobenzenes involves extraction with hexane followed by
capillary column gas-liquid chromatography with electron capture detection. The
method is capable of achieving detection limits in tap water and river water of about
0.1 pg/litre (7).

! Conversion factor in air: 1 ppm = 4.60 mg/m®.



MONOCHLOROBENZENE IN DRINKING-WATER

3. ENVIRONMENTAL LEVELS AND HUMAN EXPOSURE
3.1 Air

Because MCB is volatile and is used extensively as a solvent, large quantities are
released to air. However, atmospheric concentrations are usually very low, often
much less than 4.6 pug/m? (3,8).

3.2 Water

MCB has been detected in wastewater, surface water, groundwater and drinking-
water. In some Canadian potable water sources, mean concentrations were less than 1
pg/litre; the maximum value recorded was 5 pg/litre (9).

3.3 Food

Chlorobenzene has been found in edible freshwater and marine organisms, although
levels are not significant. Human milk may be a source of exposure for infants; MCB
was detected in five out of eight samples of human milk in a study in the USA (10).

3.4 Estimated total exposure and relative contribution of drinking-water

Despite the low levels of MCB in air, inhalation is probably the major route of
environmental exposure.

4. KINETICS AND METABOLISM IN LABORATORY ANIMALS AND
HUMANS

MCB appears to be readily absorbed via the oral and inhalation routes and
accumulates mainly in fatty tissue (11,12). The major metabolites of MCB in
mammals are p-chlorophenol mercapturic acid, 4-chlorocatechol and p-chlorophenol.
In humans, the main metabolite is 4-chlorocatechol (13). The major route of MCB
excretion is the urine; little is excreted in the faeces or retained in the body.

5. EFFECTS ON LABORATORY ANIMALS AND IN VITRO TEST SYSTEMS
5.1 Acute exposure

MCB is of low acute toxicity to experimental animals via the oral and inhalation
routes. Oral LDsgs in the g/kg of body weight range have been reported for rodents.
Major target organs of acute exposure are the liver and kidneys.

5.2 Short-term exposure

In a 13-week study, groups of 10 Fischer 344 rats and 10 B6C3F; hybrid mice of each

sex received MCB in corn oil at 0, 60, 125, 250, 500 or 750 mg/kg of body weight by
2
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gavage, for 5 days per week. Effects were seen mainly in the liver, kidney and
haematopoietic system. A NOAEL of 125 mg/kg of body weight was identified in the
study. The LOAEL was 250 mg/kg of body weight, which caused a slight decrease in
spleen weight and lymphoid or myeloid depletion of the thymus, spleen or bone
marrow (14,15).

5.3 Long-term exposure

In a 2-year study, groups of 50 Fischer 344 rats and 50 B6C3F; mice of each sex
received MCB in corn oil by gavage, 5 days per week for 103 weeks. The doses
administered were 0, 60 or 120 mg/kg of body weight for female mice and rats of
both sexes and 0, 30 or 60 mg/kg of body weight for male mice. No evidence of
MCB-related toxicity was reported. Although survival was reduced in male rats at 120
mg/kg of body weight and slightly reduced in male mice at 30 and 60 mg/kg of body
weight, this was not thought to be compound-related, as body weight gains were
unaffected and MCB-induced toxic lesions related to death were not observed. A
NOAEL of 60 mg/kg of body weight was therefore identified for male mice and one
of 120 mg/kg of body weight for female mice and male and female rats (14,15).

5.4 Reproductive and developmental toxicity

Exposure of Fischer 344 rats and New Zealand white rabbits to MCB at
concentrations of 0, 345, 966 or 2714 mg/m? via inhalation for 6 h per day during the
major period of organogenesis did not cause embryotoxicity or teratogenicity in the
rats (16). Fetal effects in rats were limited to slight delays in skeletal development,
which occurred only at concentrations causing maternal toxicity (2714 mg/m°). In
rabbits, fetuses exhibited a low incidence of visceral malformations, which were not
dose-related. In a two-generation inhalation study, exposure concentrations of 230,
690 and 2070 mg/m® did not have any adverse effects on reproductive performance or
fertility in male and female rats (17).

5.5 Mutagenicity and related end-points

MCB was not mutagenic in Salmonella typhimurium strains TA98, TA100, TA1535
or TA1537, with or without activation with rat or hamster liver S9 enzymes (18). In
one study, the intraperitoneal injection of MCB in corn oil (up to 70% of the LDsp) to
groups of five mice led to a dose-related increase in the formation of micronucleated
polychromatic erythrocytes. The authors considered that the effects were due to the
clastogenic activity of MCB (19). However, similar results have not been reported by
other workers (20). MCB appears to bind covalently to DNA in liver, kidney and lung
of rats and mice following intraperitoneal injection (21), but the level of binding was
considered to be low (20).

5.6 Carcinogenicity

In the 2-year study in which groups of 50 Fischer 344 rats and 50 B6C3F; mice of
each sex received MCB in corn oil by gavage, 5 days per week for 103 weeks, doses
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of 60 or 120 mg/kg of body weight caused slight (statistically significant at 120 mg/kg
of body weight) increases in the frequency of neoplastic nodules of the liver in male
rats (14,15). Increased incidences of hepatocellular carcinomas were not observed in
male or female rats. No increased tumour incidences were observed in female rats or
in male or female mice. Rare tumours observed in three exposed animals were not
statistically significant; they included one renal tubular cell adenocarcinoma in a high-
dose (120 mg/kg of body weight) female rat and transitional cell papillomas of the
bladder in two male rats, one in the low-dose group (60 mg/kg of body weight) and
one in the high-dose group (120 mg/kg of body weight). The frequency of pituitary
tumours was reduced in rats receiving MCB; the significance of this finding is not
known. The study provided some not altogether convincing evidence of
carcinogenicity in male Fischer 344 rats, but none in female Fischer 344 rats or in
male or female B6C3F; mice (14,15,20).

6. EFFECTS ON HUMANS

MCB is toxic to humans; poisoning and occupational exposure caused central nervous
system disturbances. In addition, subjects occupationally exposed to MCB for 2 years
suffered from headaches, dizziness and sleepiness (22).

7. CONCLUSIONS

MCB is of low acute toxicity. Oral exposure to high doses of MCB affects mainly the
liver, kidneys and haematopoietic system. There is limited evidence of
carcinogenicity in male rats, with high doses increasing the occurrence of neoplastic
nodules in the liver. The majority of evidence suggests that MCB is not mutagenic;
although it binds to DNA in vivo, the level of binding is low.

A TDI of 85.7 pg/kg of body weight can be derived from a NOAEL of 60 mg/kg of
body weight per day for neoplastic nodules identified in a 2-year rat study with dosing
by gavage (14,15), applying an uncertainty factor of 500 (100 for inter- and
intraspecies variation and 5 for the limited evidence of carcinogenicity) to the
NOAEL and allowing for 5 days per week dosing. A health-based value of 300
pg/litre (rounded value) can be calculated for MCB from this TDI, based on an
allocation of 10% of the TDI to drinking-water.

However, because MCB occurs at concentrations well below those at which toxic
effects are observed, it is not considered necessary to derive a health-based guideline
value. It should also be noted that the health-based value far exceeds the lowest
reported taste and odour threshold for MCB in water.
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