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This value was lowered to 0.05 mg/litre in the 1963 International Standards. The tentative upper concentration limit was increased to 0.1 mg/litre in the 1971 International
Standards, because this level was accepted in many countries and the water had been
consumed for many years without apparent ill effects, and it was difﬁcult to reach a
lower level in countries where lead pipes were used. In the ﬁrst edition of the Guidelines for Drinking-water Quality, published in 1984, a health-based guideline value of
0.05 mg/litre was recommended. The 1993 Guidelines proposed a health-based guideline value of 0.01 mg/litre, using the PTWI established by JECFA for infants and children, on the basis that lead is a cumulative poison and that there should be no
accumulation of body burden of lead. As infants are considered to be the most sensitive subgroup of the population, this guideline value would also be protective for
other age groups. The Guidelines also recognized that lead is exceptional, in that most
lead in drinking-water arises from plumbing, and the remedy consists principally of
removing plumbing and ﬁttings containing lead. As this requires much time and
money, it is recognized that not all water will meet the guideline immediately. Meanwhile, all other practical measures to reduce total exposure to lead, including corrosion control, should be implemented. JECFA has reassessed lead and conﬁrmed the
previously derived PTWI.
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) Lead in drinking-water. Background document for preparation of WHO
Guidelines for drinking-water quality. Geneva, World Health Organization
(WHO/SDE/WSH/03.04/9).

12.77 Lindane
Lindane (g-hexachlorocyclohexane, g-HCH) (CAS No. 58-89-9) is used as an insecticide on fruit and vegetable crops, for seed treatment and in forestry. It is also used as
a therapeutic pesticide in humans and animals. Several countries have restricted the
use of lindane. Lindane can be degraded in soil and rarely leaches to groundwater. In
surface waters, it can be removed by evaporation. Exposure of humans occurs mainly
via food, but this is decreasing. There may also be exposure from its use in public
health and as a wood preservative.

394

12. CHEMICAL FACT SHEETS

Guideline value

0.002 mg/litre

Occurrence

Has been detected in both surface water and groundwater, usually at
concentrations below 0.1 mg/litre, although concentrations as high as
12 mg/litre have been measured in wastewater-contaminated rivers

ADI

0.005 mg/kg of body weight on the basis of a NOAEL of 0.47 mg/kg of
body weight per day in a 2-year toxicity/carcinogenicity study in rats
in which an increased incidence of periacinar hepatocellular
hypertrophy, increased liver and spleen weights and increased
mortality occurred at higher doses, using an uncertainty factor of 100

Limit of detection

0.01 mg/litre using GC

Treatment achievability

0.1 mg/litre should be achievable using GAC

Guideline derivation
allocation to water
weight
consumption

1% of ADI
60-kg adult
2 litres/day

•
•
•

Toxicological review
Lindane was toxic to the kidney and liver after administration orally, dermally or by
inhalation in short-term and long-term studies of toxicity and reproductive toxicity
in rats. The renal toxicity of lindane was speciﬁc to male rats and was considered not
to be relevant to human risk assessment, since it is a consequence of accumulation of
a2u-globulin, a protein that is not found in humans. Hepatocellular hypertrophy was
observed in a number of studies in mice, rats and rabbits and was reversed only partially after recovery periods of up to 6 weeks. Lindane did not induce a carcinogenic
response in rats or dogs, but it caused an increased incidence of adenomas and carcinomas of the liver in agouti and pseudoagouti mice, but not in black or any other
strains of mice, in a study of the role of genetic background in the latency and incidence of tumorigenesis. JMPR has concluded that there was no evidence of genotoxicity. In the absence of genotoxicity and on the basis of the weight of the evidence
from the studies of carcinogenicity, JMPR has concluded that lindane is not likely to
pose a carcinogenic risk to humans. Further, in an epidemiological study designed to
assess the potential association between breast cancer and exposure to chlorinated
pesticides, no correlation with lindane was found.
History of guideline development
The 1958 and 1963 WHO International Standards for Drinking-water did not refer to
lindane, 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. In the ﬁrst edition of the
Guidelines for Drinking-water Quality, published in 1984, a health-based guideline
value of 3 mg/litre was recommended for lindane, based on the ADI recommended by
JMPR. The 1993 Guidelines established a health-based guideline value of 2 mg/litre for
lindane in drinking-water, on the basis of a study used to establish an ADI by JMPR
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in 1989 but using a compound intake estimate considered to be more appropriate in
light of additional data and recognizing that there may be substantial exposure to
lindane from its use in public health and as a wood preservative.
Assessment date
The risk assessment was conducted in 2003.
Principal references
FAO/WHO (2002) Pesticide residues in food – 2002. Rome, Food and Agriculture Organization of the United Nations, Joint FAO/WHO Meeting on Pesticide Residues
(FAO Plant Production and Protection Paper 172).
WHO (2003) Lindane in drinking-water. Background document for preparation of
WHO Guidelines for drinking-water quality. Geneva, World Health Organization
(WHO/SDE/WSH/03.04/102).

12.78 Malathion
Malathion (CAS No. 121-75-5) is commonly used to control mosquitos and a variety
of insects that attack fruits, vegetables, landscaping plants and shrubs. It can also be
found in other pesticide products used indoors, on pets to control ticks and insects
and to control human head and body lice. Under least favourable conditions (i.e.,
low pH and little organic content), malathion may persist in water with a half-life of
months or even years. However, under most conditions, the half-life appears to be
roughly 7–14 days. Malathion has been detected in surface water and drinking-water
at concentrations below 2 mg/litre.
Malathion inhibits cholinesterase activity in mice, rats and human volunteers. It
increased the incidence of liver adenomas in mice when administered in the diet. Most
of the evidence indicates that malathion is not genotoxic, although some studies indicate that it can produce chromosomal aberrations and sister chromatid exchange in
vitro. JMPR has concluded that malathion is not genotoxic.
A health-based value of 0.9 mg/litre can be calculated for malathion based on an
allocation of 10% of the JMPR ADI – based on a NOAEL of 29 mg/kg of body weight
per day in a 2-year study of toxicity and carcinogenicity in rats, using an uncertainty
factor of 100 and supported by a NOAEL of 25 mg/kg of body weight per day in a
developmental toxicity study in rabbits – to drinking-water. However, intake of
malathion from all sources is generally low and well below the ADI. As the chemical
occurs in drinking-water at concentrations much lower than the health-based value,
the presence of malathion in drinking-water under usual conditions is unlikely to represent a hazard to human health. For this reason, it is considered unnecessary to derive
a guideline value for malathion in drinking-water.
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