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Guideline value 0.3 mg/litre

Occurrence No detectable concentrations found in surface water in the USA

ADI 0.1 mg/kg of body weight based on an overall NOAEL of 10 mg/kg of
body weight per day for increased relative liver weight and increased
total plasma cholesterol concentration in male dogs in two 1-year
toxicity studies, using an uncertainty factor of 100

Limit of detection No information found

Treatment achievability No data available; 1mg/litre should be achievable using GAC

Guideline derivation

• allocation to water 10% of ADI

• weight 60-kg adult

• consumption 2 litres/day

Toxicological review
JMPR concluded that pyriproxyfen was not carcinogenic or genotoxic. In short- and
long-term studies of the effects of pyriproxyfen in mice, rats and dogs, the liver
(increases in liver weight and changes in plasma lipid concentrations, particularly cho-
lesterol) was the main toxicological target.

History of guideline development
The 1958 and 1963 WHO International Standards for Drinking-water did not refer to
pyriproxyfen, but the 1971 International Standards suggested that pesticide residues
that may occur in community water supplies make only a minimal contribution to
the total daily intake of pesticides for the population served. Pyriproxyfen was not
evaluated in the first edition of the Guidelines for Drinking-water Quality, published
in 1984, in the second edition, published in 1993, or in the addendum to the second
edition, published in 1998.

Assessment date
The risk assessment was conducted in 2003.

Principal references
FAO/WHO (2000) Pesticide residues in food – 1999 evaluations. Part II – Toxicological.

Geneva, World Health Organization, Joint FAO/WHO Meeting on Pesticide
Residues (WHO/PCS/00.4).

WHO (2003) Pyriproxyfen in drinking-water. Background document for preparation of
WHO Guidelines for drinking-water quality. Geneva, World Health Organization
(WHO/SDE/WSH/03.04/113).

12.105 Selenium
Selenium is present in the Earth’s crust, often in association with sulfur-containing
minerals. Selenium is an essential trace element, and foodstuffs such as cereals, meat
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and fish are the principal source of selenium in the general population. Levels in food
also vary greatly according to geographical area of production.

Guideline value 0.01 mg/litre

Occurrence Levels in drinking-water vary greatly in different geographical areas
but are usually much less than 0.01 mg/litre.

NOAEL in humans Estimated to be about 4mg/kg of body weight per day, based on data
in which a group of 142 persons with a mean daily intake of 4mg/kg
body weight showed no clinical or biochemical signs of selenium
toxicity

Limit of detection 0.5mg/litre by AAS with hydride generation

Treatment achievability 0.01 mg/litre should be achievable using coagulation for selenium(IV)
removal; selenium(VI) is not removed by conventional treatment
processes

Guideline derivation

• allocation to wate 10% of NOAEL

• weight 60-kg adult

• consumption 2 litres/day

Toxicological review
Selenium is an essential element for humans, with a recommended daily intake of
about 1mg/kg of body weight for adults. Selenium compounds have been shown to
be genotoxic in in vitro systems with metabolic activation, but not in humans. There
was no evidence of teratogenic effects in monkeys. Long-term toxicity in rats is char-
acterized by depression of growth and liver pathology. In humans, the toxic effects of
long-term selenium exposure are manifested in nails, hair and liver. Data from China
indicate that clinical and biochemical signs occur at a daily intake above 0.8 mg. Daily
intakes of Venezuelan children with clinical signs were estimated to be about 0.7 mg
on the basis of their blood levels and the Chinese data on the relationship between
blood level and intake. Effects on synthesis of a liver protein were also seen in a small
group of patients with rheumatoid arthritis given selenium at a rate of 0.25 mg/day
in addition to selenium from food. No clinical or biochemical signs of selenium tox-
icity were reported in a group of 142 persons with a mean daily intake of 0.24 mg
(maximum 0.72 mg) from food.

History of guideline development
The 1958 WHO International Standards for Drinking-water recommended a maxi-
mum allowable concentration of 0.05 mg/litre for selenium, based on health concerns.
In the 1963 International Standards, this value was lowered to 0.01 mg/litre, which was
retained in the 1971 International Standards as a tentative upper concentration limit,
while recognizing that selenium is an essential trace element for some species. In the
first edition of the Guidelines for Drinking-water Quality, published in 1984, the guide-
line value of 0.01 mg/litre was again retained, although it was noted that in areas of
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relatively higher or lower selenium dietary intake, the guideline value may have to be
modified accordingly. The 1993 Guidelines proposed a health-based guideline value
of 0.01 mg/litre on the basis of human studies.

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) Selenium in drinking-water. Background document for preparation of

WHO Guidelines for drinking-water quality. Geneva, World Health Organization
(WHO/SDE/WSH/03.04/13).

12.106 Silver
Silver occurs naturally mainly in the form of its very insoluble and immobile oxides,
sulfides and some salts. It has occasionally been found in groundwater, surface water
and drinking-water at concentrations above 5mg/litre. Levels in drinking-water
treated with silver for disinfection may be above 50mg/litre. Recent estimates of daily
intake are about 7mg per person.

Only a small percentage of silver is absorbed. Retention rates in humans and lab-
oratory animals range between 0 and 10%.

The only obvious sign of silver overload is argyria, a condition in which skin and
hair are heavily discoloured by silver in the tissues. An oral NOAEL for argyria in
humans for a total lifetime intake of 10 g of silver was estimated on the basis of human
case reports and long-term animal experiments.

The low levels of silver in drinking-water, generally below 5mg/litre, are not rele-
vant to human health with respect to argyria. On the other hand, special situations
exist where silver salts may be used to maintain the bacteriological quality of
drinking-water. Higher levels of silver, up to 0.1 mg/litre (this concentration gives a
total dose over 70 years of half the human NOAEL of 10 g), could be tolerated in such
cases without risk to health.

There are no adequate data with which to derive a health-based guideline value for
silver in drinking-water.

History of guideline development
The 1958, 1963 and 1971 WHO International Standards for Drinking-water did not
refer to silver. In the first edition of the Guidelines for Drinking-water Quality, pub-
lished in 1984, it was not considered necessary to establish a guideline value for silver
in drinking-water. No health-based guideline value for silver was proposed in the 1993
Guidelines. Where silver salts are used to maintain the bacteriological quality of


