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for carcinogenicity via the oral route. In epidemiological studies, an association has
been found between exposure to chromium(VI) by the inhalation route and lung
cancer. IARC has classiﬁed chromium(VI) in Group 1 (human carcinogen) and
chromium(III) in Group 3. Chromium(VI) compounds are active in a wide range of
in vitro and in vivo genotoxicity tests, whereas chromium(III) compounds are not.
History of guideline development
The 1958 WHO International Standards for Drinking-water recommended a
maximum allowable concentration of 0.05 mg/litre for chromium (hexavalent), based
on health concerns. This value was retained in the 1963 International Standards.
Chromium was not evaluated in the 1971 International Standards. In the ﬁrst edition
of the Guidelines for Drinking-water Quality, published in 1984, the guideline value of
0.05 mg/litre for total chromium was retained; total chromium was speciﬁed because
of difﬁculties in analysing for the hexavalent form only. The 1993 Guidelines questioned the guideline value of 0.05 mg/litre because of the carcinogenicity of hexavalent chromium by the inhalation route and its genotoxicity, although the available
toxicological data did not support the derivation of a new value. As a practical
measure, 0.05 mg/litre, which is considered to be unlikely to give rise to signiﬁcant
health risks, was retained as the provisional guideline value until additional information becomes available and chromium can be re-evaluated.
Assessment date
The risk assessment was originally conducted in 1993. The Final Task Force Meeting
in 2003 agreed that this risk assessment be brought forward to this edition of the
Guidelines for Drinking-water Quality.
Principal reference
WHO (2003) Chromium in drinking-water. Background document for preparation of
WHO Guidelines for drinking-water quality. Geneva, World Health Organization
(WHO/SDE/WSH/03.04/4).

12.31 Copper
Copper is both an essential nutrient and a drinking-water contaminant. It has many
commercial uses. It is used to make pipes, valves and ﬁttings and is present in alloys
and coatings. Copper sulfate pentahydrate is sometimes added to surface water for
the control of algae. Copper concentrations in drinking-water vary widely, with the
primary source most often being the corrosion of interior copper plumbing. Levels
in running or fully ﬂushed water tend to be low, whereas those in standing or partially ﬂushed water samples are more variable and can be substantially higher (frequently > 1 mg/litre). Copper concentrations in treated water often increase during
distribution, especially in systems with an acid pH or high-carbonate waters with an
alkaline pH. Food and water are the primary sources of copper exposure in developed
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countries. Consumption of standing or partially ﬂushed water from a distribution
system that includes copper pipes or ﬁttings can considerably increase total daily
copper exposure, especially for infants fed formula reconstituted with tap water.
Guideline value

2 mg/litre

Occurrence

Concentrations in drinking-water range from £0.005 to >30 mg/litre,
primarily as a result of the corrosion of interior copper plumbing.

Basis of guideline
derivation

To be protective against acute gastrointestinal effects of copper and
provide an adequate margin of safety in populations with normal
copper homeostasis

Limit of detection

0.02–0.1 mg/litre by ICP/MS; 0.3 mg/litre by ICP/optical emission
spectroscopy; 0.5 mg/litre by FAAS

Treatment achievability

Copper is not removed by conventional treatment processes. However,
copper is not normally a raw water contaminant.

Additional comments

•
•
•

For adults with normal copper homeostasis, the guideline value
should permit consumption of 2 or 3 litres of water per day, use of
a nutritional supplement and copper from foods without
exceeding the tolerable upper intake level of 10 mg/day or eliciting
an adverse gastrointestinal response.
Staining of laundry and sanitary ware occurs at copper
concentrations above 1 mg/litre. At levels above 2.5 mg/litre,
copper imparts an undesirable bitter taste to water; at higher
levels, the colour of water is also impacted.
In most instances where copper tubing is used as a plumbing
material, concentrations of copper will be below the guideline
value. However, there are some conditions, such as highly acidic or
aggressive waters, that will give rise to much higher copper
concentrations, and the use of copper tubing may not be
appropriate in such circumstances.

Toxicological review
IPCS concluded that the upper limit of the acceptable range of oral intake in adults
is uncertain but is most likely in the range of several (more than 2 or 3) but not many
milligrams per day in adults. This evaluation was based solely on studies of gastrointestinal effects of copper-contaminated drinking-water. The available data on toxicity
in animals were not considered helpful in establishing the upper limit of the acceptable range of oral intake due to uncertainty about an appropriate model for humans,
but they help to establish a mode of action for the response. The data on the gastrointestinal effects of copper must be used with caution, since the effects observed
are inﬂuenced by the concentration of ingested copper to a greater extent than the
total mass or dose ingested in a 24-h period. Recent studies have delineated the threshold for the effects of copper in drinking-water on the gastrointestinal tract, but there
is still some uncertainty regarding the long-term effects of copper on sensitive populations, such as carriers of the gene for Wilson disease and other metabolic disorders
of copper homeostasis.
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History of guideline development
The 1958 WHO International Standards for Drinking-water suggested that concentrations of copper greater than 1.5 mg/litre would markedly impair the potability of the
water. The 1963 and 1971 International Standards retained this value as a maximum
allowable or permissible concentration. In the ﬁrst edition of the Guidelines for Drinking-water Quality, published in 1984, a guideline value of 1.0 mg/litre was established
for copper, based on its laundry and other staining properties. The 1993 Guidelines
derived a provisional health-based guideline value of 2 mg/litre for copper from the
PMTDI proposed by JECFA, based on a rather old study in dogs that did not take into
account differences in copper metabolism between infants and adults. The guideline
value was considered provisional because of the uncertainties regarding copper toxicity in humans. This guideline value was retained in the addendum to the Guidelines
published in 1998 and remained provisional as a result of uncertainties in the
dose–response relationship between copper in drinking-water and acute gastrointestinal effects in humans. It was stressed that the outcome of epidemiological studies
in progress in Chile, Sweden and the USA may permit more accurate quantiﬁcation
of effect levels for copper-induced toxicity in humans, including sensitive subpopulations. Copper can also give rise to taste problems at concentrations above 5 mg/litre
and can stain laundry and sanitary ware at concentrations above 1 mg/litre.
Assessment date
The risk assessment was conducted in 2003.
Principal references
IPCS (1998) Copper. Geneva, World Health Organization, International Programme
on Chemical Safety (Environmental Health Criteria 200).
WHO (2003) Copper in drinking-water. Background document for preparation of
WHO Guidelines for drinking-water quality. Geneva, World Health Organization
(WHO/SDE/WSH/03.04/88).

12.32 Cyanazine
Cyanazine (CAS No. 21725-46-2) is a member of the triazine family of herbicides. It
is used as a pre- and post-emergence herbicide for the control of annual grasses and
broadleaf weeds. It can be degraded in soil and water by microorganisms and by
hydrolysis.
Guideline value

0.0006 mg/litre (0.6 mg/litre)

Occurrence

Has been detected in surface water and groundwater, usually at
concentrations of a few micrograms per litre, although levels as high
as 1.3 and 3.5 mg/litre have been measured in surface water and
groundwater, respectively
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