12. CHEMICAL FACT SHEETS

has placed NTA in Group 2B (possibly carcinogenic to humans). It is not genotoxic,
and the reported induction of tumours is believed to be due to cytotoxicity resulting
from the chelation of divalent cations such as zinc and calcium in the urinary tract,
leading to the development of hyperplasia and subsequently neoplasia.

Nitrobenzene

Nitrobenzene is used primarily in the production of aniline, but it is also used as a sol-
vent, as an ingredient of metal polishes and soaps and in the synthesis of other organic
compounds, including acetaminophen. Nitrobenzene can be released to water during
these production processes.

Concentrations of nitrobenzene in environmental samples, such as surface water,
groundwater and air, are generally low, except in areas with industrial pollution.
Based on limited data, it appears that the potential for contamination is greater for
groundwater than for surface water.

The general population can be exposed to variable concentrations of nitrobenzene
in air and possibly drinking-water. Only populations in the vicinity of manufacturing
activities and petroleum refining plants are likely to have any significant exposure to
nitrobenzene; however, people living in and around abandoned hazardous waste sites
may also have potential for higher exposure, due to possible groundwater and soil
contamination and uptake of nitrobenzene by plants.

Reason for not establishing  Rarely found in drinking-water at concentrations of health concern
a guideline value

Assessment date 2009

Principal reference WHO (2009) Nitrobenzene in drinking-water

Nitrobenzene is toxic to humans by the inhalation, dermal and oral routes of
exposure. The main systemic effect associated with human exposure to nitrobenzene
is methaemoglobinaemia. Although some recent studies have reported positive re-
sults in mutagenicity tests, it cannot be excluded that nitrobenzene is a non-genotoxic
chemical. No long-term oral administration studies are available. Based on inhalation
studies, IARC concluded that there was inadequate evidence in humans but suffi-
cient evidence in experimental animals for the carcinogenicity of nitrobenzene and
classified nitrobenzene in Group 2B (possibly carcinogenic to humans).

Because nitrobenzene occurrence in drinking-water at concentrations above
trace levels is infrequent, it is not considered necessary to derive a formal guideline
value. However, health-based values can be calculated to provide guidance in the event
of spills and where there are higher concentrations in industrial areas. Two health-
based values are derived based on the limited available information: one for short-
term exposure (30 pg/l) and the other for long-term exposure (8-63 pg/l, depending
on end-point and approach used). It should be emphasized that the derivation of
the long-term health-based values includes large uncertainties because of the dose
metric conversion from inhalation studies and the possibility of increased metabolism
to aniline in the gastrointestinal tract.
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It should be emphasized that nitrobenzene is a potent methaemoglobinaemic
agent in humans, which is of particular concern for bottle-fed infants. Currently, data
are not adequate to determine a separate health-based value for this end-point.

It should also be noted that the reported odour threshold for nitrobenzene in
water is 30-110 pg/l.

N-Nitrosodimethylamine

N-Nitrosodimethylamine, or NDMA, can occur in drinking-water through the deg-
radation of dimethylhydrazine (a component of rocket fuel) as well as from several
other industrial processes. It is also a contaminant of certain pesticides. NDMA has
recently been identified as a disinfection by-product of chloramination (by the reac-
tion of monochloramine with dimethylamine, a ubiquitous component of waters af-
fected by wastewater discharges) and, to some extent, chlorination. NDMA can also be
formed as a by-product of anion exchange treatment of water.

Guideline value 0.0001 mg/I (0.1 pg/l)

Occurrence Where chloramination is used, distribution system samples can have much
higher levels of NDMA than the finished water at the treatment plant; levels
as high as 0.16 pg/l have been measured in the distribution system, but
concentrations in water at the treatment plant are generally less than 0.01

pg/l
Basis of guideline value  Hepatic biliary cystadenomas in female rats, the most sensitive carcinogenic
derivation end-point, observed in a drinking-water study, using a multistage model
Limit of detection 0.028 ng/I by capillary column GC and chemical ionization tandem MS; 0.4

ng/l by capillary column GC and high-resolution MS; 0.7-1.6 ng/l by GC-MS
and ammonia positive chemical ionization detection

Treatment performance The most common process for NDMA removal is UV irradiation. A
concentration below 0.005 pg/l should be achievable by UV irradiation
provided that the water is not grossly contaminated. NDMA is not
removable by air stripping, activated carbon adsorption, reverse osmosis or
biodegradation.

Additional comments Potential methods for reducing the formation of NDMA during disinfection
include avoiding the use of chloramination, use of breakpoint chlorination
and removal of ammonia prior to chlorination.

Assessment date 2006

Principal references IPCS (2002) N-Nitrosodimethylamine
WHO (2008) N-Nitrosodimethylamine in drinking-water

There is conclusive evidence that NDMA is a potent carcinogen in experimental
animals by several routes of exposure, including through ingestion of drinking-water.
NDMA has been classified by IARC as probably carcinogenic to humans. The mech-
anism by which NDMA produces cancer is well understood to involve biotransforma-
tion by liver microsomal enzymes, generating the methyldiazonium ion. This reactive
metabolite forms DNA adducts, with most evidence pointing to O®-methylguanine as
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