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Dichlorobenzenes

Guidelines

The maximum acceptabl e concentrations (MAC)
and aesthetic objectives (AO) for 1,2- and
1,4-dichlorobenzene in drinking water are:

MAC AO
mg/L nmy/L mg/L nmy/L
1,2-dichlorobenzene 0.20 200 £0.003 £3
1,4-dichlorobenzene 0.005 5 £0.001 £1

(In cases where total dichlorobenzenes are measured
and concentrations exceed the most stringent value
[5 no/L], the concentrations of the individual isomers
should be established.)

I dentity, Use and Sourcesin the

Environment

Dichlorobenzenes (DCBSs) are chlorinated aromatic
compounds. There are three DCB isomers: 1,2-DCB,
1,3-DCB and 1,4-DCB. 1,2- and 1,3-DCB are liquids
at room temperature, whereas 1,4-DCB isa solid with
amelting point of 53°C. Their vapour pressures are
moderate, ranging from 90 to 270 Paat 25°C. They are
moderately soluble in water, with solubilities ranging
from 30.9 to 124.5 mg/L at 20°C (for 1,4- and
1,3-DCBs, respectively). Their log octanol—water
partition coefficients (K,,) are moderately high, around
3.0 for all three isomers.! Dichlorobenzenes are not
manufactured in Canada, but several thousand tonnes
of both the 1,2- and 1,4-isomers are imported each year
from the United States for use in degreasing and paint
removal formulations (1,2-DCB), as chemical
intermediates (1,2-DCB), in moth crystals (1,4-DCB)
and in urinal or space deodorants (1,4-DCB). Emissions
of DCBsto the environment are believed to be small;
however, the 1,4-isomer may be released into water from
urinal deodorants.

Exposure

There are very few data on concentrations of DCBs
in Canadian drinking water; in the water supplies of
three Ontario cities, total mean DCB concentrations

ranged from 1.0 to 13 ng/L, most of which was
1,4-DCB. Concentrations of single compounds ranged
up to 20 ng/L.2 Concentrations of 1,2-DCB were below
the detection limit (0.1 ng/L) in 144 of 145 samples of
raw and treated water collected in Quebec in May 1985,
February 1986 and July 1986. The measured concen-
tration in one sample was 3.4 ng/L. The 1,4-isomer was
detected in four of 143 samples at concentrations below
1 ny/L.3 Traces of 1,2- and 1,4-DCB were detected
(detection limit <1 ng/L) in three of 29 treated
municipal water suppliesin Albertaduring 1980 to
1985.4

The limited data available indicate that intake of
DCBsfrom air is considerably greater than that from
food or drinking water. Concentrations of 1,4-DCB in
air ssmpled in Montreal for aone-year period beginning
in October 1984 averaged 0.3 ng/m? and ranged up to
0.8 ng/md (47 samples). Concentrationsin Toronto air
during a similar period averaged 0.4 ng/m? and ranged
up to 2.1 ngy/m?3 (72 samples).> For suckling infants,
mothers’ milk may be a significant source of exposure
to DCBs.®

Analytical Methods and Treatment

Technology

Dichlorobenzenes are detected by a purge and
trap gas chromatographic procedure.” The practical
quantitation limit (PQL) (based on the ability of
laboratories to measure DCBs within reasonable
limits of precision and accuracy) is 5 ng/L .89

Itisunlikely that DCB levels are reduced
significantly during conventional drinking water
treatment processes. However, removal of volatile
organic compounds by packed tower aeration and
granular activated carbon adsorption has been estimated
to be 90 to 99% effective, and it islikely that
concentrations of DCBs below 1 ng/L can be achieved
in Canadian drinking water supplies using these
methods.”
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Health Effects

Dichlorobenzenes are readily absorbed through
the lungs, gastrointestinal tract and skin; however,
guantitative data on uptake are not available. Once
absorbed, DCBs are rapidly distributed to many tissues;
concentrations are greatest in adipose tissue (levels
10 to 32 times those in the blood). Intermediate levels
are found in the lung and kidney, and lower
concentrations are present in the liver, muscle and
plasma. Dichlorobenzenes are primarily metabolized by
hydroxylation to their respective dichlorophenols, which
are excreted in the urine as glucuronic acid and sulphate
conjugates within five to six days after exposure. The
1,2-isomer and metabolites are eliminated slightly more
rapidly than 1,4-DCB. Intermediates of the metabolism
of 1,2-DCB, possibly arene oxides, bind to liver protein
and may be involved in theinduction of hepatotoxicity.1°

There have been isolated reportsin the literature of
anaemia and chronic lymphoid leukaemia, skin lesions,
anorexia and nausea, irritation of the eyes and upper
respiratory tract, blood dyscrasias and liver damagein
individuals exposed to high concentrations of DCBs.!
However, most of the information on the toxicity of
these compounds has been obtained in animal bioassays
and isrestricted to the 1,2-and 1,4-isomers.

Acute poisoning is characterized by signs of
disturbance of the central nervous system and kidney
and/or liver damage (including necrosis/degeneration
and sometimes porphyria).1* In 14-day repeated-dose
gavage studiesin F344/N rats (60 to 1000 mg/kg
bw)*213 and B6C3F; mice (30 to 4000 mg/kg bw in corn
oil),*15 hepatic centrilobular necrosis and degeneration,
occasionally with cytomegaly and karyomegaly, as well
as lymphoid depletion of the spleen and thymus, were
observed. In addition, there were early deaths and
decreases in body weight gain at the high doses.

Several subchronic toxicity studies of the effects
of ingestion of 1,2- and 1,4-DCB have been
conducted.'6?1 The most recent and well-described
of these studies have been those performed under the
auspices of the National Toxicology Program
(NTP).19-21 F344/N rats were more sensitive than
B6C3F, mice to the administration of 1,2-DCB (0 to
500 mg/kg bw) in corn oil daily by gavage, five days
per week for 13 weeks. The lowest-observed-
adverse-effect level (LOAEL) in rats was considered to
be 30 mg/kg bw.1® Changes at this exposure level
included increases in serum cholesterol (males), total
serum protein (females) and serum glucose levels
(females); at higher dose levels, effects were similar to
those observed in the 14-day studies described above. In
similar studies with the 1,4-isomer, rats were also more
sensitive than mice; the no-observed-adverse-effect level
(NOAEL) was determined to be 150 mg/kg bw per day.

At higher concentrations (300 or 600 mg/kg bw), the
incidence and severity of renal cortical degeneration
were increased.

The carcinogenicity of 1,2-DCB has been
investigated in arecently completed NTP study.'®
Doses of 0, 60 and 120 mg/kg bw were administered
daily by gavage in corn ail, five days per week for
103 weeks, to groups of 50 male and 50 female
F344/N rats or B6C3F; mice. In both rats and mice,
there were no differences in survival rates of treated
and control animals, and there was no evidence of
compound-related neoplastic or non-neoplastic lesions.
It should be noted, however, that these doses were
probably less than the maximum tolerated dose (MTD).

The carcinogenicity of the 1,4-isomer has been
investigated in an inhalation study in which groups of 75
to 79 Alderley Park Wistar-derived rats of each sex and
asimilar number of mice (Alderley Park, Swiss strain)
were exposed five hours per day, five days per week,
to 0, 75 or 500 ppm (0, 450 or 3000 mg/m?) (rats,

76 weeks; mice, 57 weeks).?? No treatment-rel ated
changes in body weight, food and water intake,
mortality rates or incidence, multiplicity or malignancy
of tumours were observed; however, again dose levels
were probably less than the MTD.

Conversely, there was clear evidence of the
carcinogenicity of 1,4-DCB in arecently completed
NTP bioassay.?3 Doses of 0, 150 and 300 mg/kg bw in
corn oil were administered daily by gavage, five days
per week for two years, to groups of 50 male and
50 female F344/N rats. Similarly, doses of 0, 300 and
600 mg/kg bw were administered to B6C3F; mice. In
rats, increased incidence of renal degeneration was
observed even at the lowest dose level (150 mg/kg bw).
In addition, the incidence of renal tubular cell
adenocarcinomas (males only) and mononuclear cell
leukaemias (males only) was increased. In mice, the
incidence of hepatocellular carcinomas (high-dose group
in both sexes), hepatocellular adenomas (males and
high-dose group for females) and phaeochromo-
cytomas of the adrenal gland (males only, high-dose
group) was increased.

Dichlorobenzenes are not mutagenic in bacteria, but
mutations in mould and plant cultures and
chromosomal aberrationsin plants and in human
workers (1,2-DCB) have been observed.1° There have
also been isolated reports of leukaemiain workers
exposed to DCBs.

Classification and Assessment

1,2-Dichlor obenzene: There has been no evidence
of carcinogenicity of 1,2-DCB in two species. However,
the doses administered in the studies conducted to date
were probably below the MTD, thereby reducing the
sensitivity of the assays. The data available are
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considered, therefore, to be inadequate to classify
1,2-DCB with respect to its potential carcinogenicity;
it has, therefore, been included in Group VA
(inadequate data for evaluation).

For compounds classified in Group VA, the MAC
is derived on the basis of division of the NOAEL or
LOAEL inan animal species by an uncertainty factor.
For 1,2-DCB, the acceptable daily intake (ADI) is
derived asfollows:

30 mg/kg bw per day x 5
1000 x 7

ADI = @0.021 mg/kg bw per day

where:

- 30 mg/kg bw per day isthe LOAEL observed in the most sensitive
species (rats) in the most recent and well-documented subchronic
study19

- 1000 is the uncertainty factor (x10 for less-than-lifetime study;
x10 for LOAEL rather than NOAEL; and %10 for extrapolation
from animals to humans [generally 100; however, end point for
the LOAEL is much more sensitive than traditional end points, and
NOAEL in chronic studies is greater than that in subchronic studies])

- 5/7 isthe conversion of five days per week of dosing to seven days
per week.

1,3-Dichlor obenzene: There are no data available
to serve as a basis for establishing an MAC for 1,3-DCB
in drinking water.

1,4-Dichlor obenzene: For 1,4-DCB, there was
clear evidence of carcinogenicity in the most sensitive
bioassay (NTP) conducted to date.? (It should be noted,
however, that the increased incidence of renal tubular
cell adenocarcinomasin male rats was observed at
dose levels that caused damage to the kidneys.)
1,4-Dichlorobenzene has, therefore, been classified in
Group I — probably carcinogenic to man (sufficient
evidence in animals; inadeguate data in man) — and
cancer risks have been estimated on the basis of the
results of the NTP carcinogenesis bioassay in F344/N
rats and B6C3F, mice (gavage).?® Incorporating a
surface area correction and using the robust linear
extrapolation model for each of the significantly
increased tumour types, one can calculate that unit
lifetime risks associated with the ingestion of 1 ng/L
1,4-DCB in drinking water range from 1.2 x 1077 (based
on hepatocellular adenomas in male mice) to 4.3 x 10”7
(based on phaeochromocytomas of the adrenal gland in
male mice).* The estimated ranges of concentrationsin
drinking water corresponding to lifetime risks of 10°°,
106 and 107 for these same tumour types based on
the model described above are as follows:

* Average adult body weight = 70 kg; average daily intake of drinking
water =1.5L.

Concentrationsin

Lifetimerisk drinking water (ng/L)
10 23 - 83
10 23 - 83
107 023 - 083

Rationale

1,2-Dichlorobenzene: Because 1,2-DCB is
classified in Group VA (inadequate data for evaluation),
the MAC in drinking water is derived from the ADI as
follows:

0.021 mg/kg bw per day x 70 kg x 0.20

MAC= 15L/d

@ 0.20 mg/L
where:

- 0.021 mg/kg bw per day isthe ADI, as derived above

- 70 kg is the average body weight of an adult

- 0.20 isthe proportion of total intake ingested in drinking water;
limited available data indicate that the amount of DCBs ingested
in drinking water is 20% of that ingested in food

- 1.5L/d isthe average daily consumption of drinking water for an
adult.

Based on the threshold odour value, the aesthetic
objective (AO) for 1,2-DCB is £0.003 mg/L >

1,4-Dichlorobenzene: Because 1,4-DCB is
classified in Group Il (probably carcinogenic to
man), the MAC is based on consideration of available
practicable treatment technology and estimated lifetime
cancer risks. Because the MAC must also be measurable
by available analytical methods, the PQL is also taken
into consideration in its derivation.

An MAC of 0.005 mg/L (5 ng/L) was established,
therefore, on the basis of the following considerations:

(1) The estimated unit lifetime cancer risks
associated with the ingestion of 1 ng/L 1,4-DCB
in drinking water range from 1.2 x 1077 (based on
hepatocel lular adenomas in male mice) to 4.3 x 107
(based on phaeochromocytomas of the adrenal gland
in male mice). Therefore, the estimated lifetime risks
associated with the ingestion of drinking water
containing 5 ng/L 1,4-DCB (i.e., 6.0 x 107 to
2.2 x 109) are within arange that is considered to
be “essentialy negligible.”

(2) Itisunlikely that DCB levels are reduced
significantly during conventional drinking water
treatment processes. However, it islikely that
concentrations of DCB below 1 ng/L can be achieved
in Canadian drinking water supplies by packed tower
aeration and granular activated carbon adsorption.

(3) The PQL (based on the ability of laboratories
to measure DCBs within reasonabl e limits of precision
and accuracy) is5 ng/L.

The aesthetic objective (AO) for 1,4-DCB is
£0.001 mg/L, based on the threshold odour value.2*



Dichlorobenzenes (02/87)

References

1. Holliday, M.G. and Engelhardt, F.R. Chlorinated benzenes.

A criteriareview. Prepared under contract to the Monitoring and
Criteria Division, Department of National Health and Welfare,
Ottawa, January 31 (1984).

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

3. Vachon, J. Personal communication. Direction de I’ eau souterraine
et potable, Ministére de I’ Environnement, Québec (1986).

4. Alberta Environment. Drinking water survey. Municipal
Engineering Branch, Pollution Control Division (1985).

5. Environment Canada. Toxic organic data summary. Pollution
Measurement Division, Environmental Protection Service, Ottawa,
February (1986).

6. Department of National Health and Welfare. BCH position on
chlorobenzenes. Background paper for the EC/HWC Environmental
Contaminants Committee, Bureau of Chemica Hazards, Ottawa,
October 19 (1985).

7. U.S. Environmental Protection Agency. National primary drinking
water regulations; volatile synthetic organic chemicals. Fed. Regist.,
50(219): 46902 (1985).

8. Otson, R. Personal communication. Monitoring and Criteria
Division, Environmental Health Directorate, Department of
National Health and Welfare, Ottawa (1986).

9. Otson, R. and Williams, D.T. Headspace chromatographic
determination of water pollutants. Anal. Chem., 54: 942 (1982).

10. U.S. Environmental Protection Agency. Health assessment
document for chlorinated benzenes. Final report. Report No.
EPA/600/8-84/015F, Cincinnati, OH, January (1985).

11. U.S. Environmental Protection Agency. Draft criteria document for
ortho-dichlorobenzene, meta-dichlorobenzene, para-dichlorobenzene.
Criteria and Standards Division, Office of Drinking Water,
Washington, DC, February (1984).

12. Battelle's Columbus L aboratories. Repeated dose toxicity study:
ortho-dichlorobenzene, Fischer 344 rats. Unpublished report (1978),
cited in reference 23.

13. Battelle's Columbus Laboratories. Re-run repeated dose toxicity
study: para-dichlorobenzene, Fischer 344 rats. Unpublished report
(1978), cited in reference 23.

14. Battelle's Columbus Laboratories. Re-run repeated dose toxicity
study: ortho-dichlorobenzene, B6C3F, mice. Unpublished report
(1978), cited in reference 23.

15. Battelle's Columbus Laboratories. Re-run repeated dose toxicity
study: para-dichlorobenzene, B6C3F; mice. Unpublished report
(1978), cited in reference 23.

16. Hollingsworth, R.L., Rowe, V.K., Oyen, F., Torkelson, T.R. and
Adams, E.M. Toxicity of s-dichlorobenzene: studies on animals and
industrial experience. Arch. Ind. Health, 17: 180 (1958).

17. Varshavskaya, S.P. Comparative toxicological characteristics of
chlorobenzene and dichlorobenzene (ortho-and para-isomers) in
relation to the sanitary protection of water bodies. Gig. Sanit., 23: 17
(1968).

18. Hollingsworth, R.L., Rowe, V.K., Oyen, F., Hoyle, H.R. and
Spencer, H.C. Toxicity of paradichlorobenzene: determination
on experimental animals and human subjects. Arch. Ind. Health,
14: 138 (1956).

19. National Toxicology Program. Carcinogenesis bioassay of
1,2-dichlorobenzene in F344/N rats and B6C3F, mice (gavage study).
Draft report NTP-82-062, Research Triangle Park, NC (1982), cited
in reference 10.

20. Battelle's Columbus Laboratories. Re-run subchronic toxicity
study: para-dichlorobenzene, B6C3F; mice. Unpublished report
(1980), cited in reference 23.

21. Battelle's Columbus Laboratories. Re-run subchronic toxicity
study: para-dichlorobenzene, Fischer 344 rats. Unpublished report
(1980), cited in reference 23.

22. Loeser, E. and Litchfield, M.H. Review of recent toxicology
studies on p-dichlorobenzene. Food Chem. Toxicol., 21: 825 (1983).

23. National Toxicology Program. Carcinogenesis bioassay of
1,4-dichlorobenzene in F344/N rats and B6C3F, mice (gavage
studies). Draft report NTP-86-319, Research Triangle Park, NC (1986).

24. World Health Organization. Guidelines for drinking water quality.
Geneva (1984).




