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

WHO Guidelines for drinking-water quality. Geneva, World Health Organization
(WHO/SDE/WSH/03.04/5).

12.34 Cyanogen chloride
Cyanogen chloride is a by-product of chloramination. It is a reaction product of
organic precursors with hypochlorous acid in the presence of ammonium ion. Con-
centrations detected in drinking-water treated with chlorine and chloramine were 0.4
and 1.6mg/litre, respectively.

Cyanogen chloride is rapidly metabolized to cyanide in the body. There are few
data on the oral toxicity of cyanogen chloride, and the guideline value is based, there-
fore, on cyanide. The guideline value is 70mg/litre for cyanide as total cyanogenic com-
pounds (see Cyanide in section 12.33).

History of guideline development
The 1958, 1963 and 1971 WHO International Standards for Drinking-water and the
first edition of the Guidelines for Drinking-water Quality, published in 1984, did not
refer to cyanogen chloride. The 1993 Guidelines derived a health-based guideline
value for cyanogen chloride based on cyanide, as cyanogen chloride is rapidly metab-
olized to cyanide in the body and as there are few data on the oral toxicity of cyanogen
chloride. The guideline value is 0.07 mg/litre for cyanide as total cyanogenic com-
pounds (see Cyanide in section 12.33).

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) Cyanogen chloride in drinking-water. Background document for prepara-

tion of WHO Guidelines for drinking-water quality. Geneva, World Health Organi-
zation (WHO/SDE/WSH/03.04/51).

12.35 2,4-D (2,4-dichlorophenoxyacetic acid)
The term 2,4-D is used here to refer to the free acid, 2,4-dichlorophenoxyacetic acid
(CAS No. 94-75-7). Commercial 2,4-D products are marketed as the free acid, alkali
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and amine salts, and ester formulations. 2,4-D itself is chemically stable, but its esters
are rapidly hydrolysed to the free acid. 2,4-D is a systemic herbicide used for control
of broad-leaved weeds, including aquatic weeds. 2,4-D is rapidly biodegraded in the
environment. Residues of 2,4-D in food rarely exceed a few tens of micrograms per
kilogram.

Guideline value 0.03 mg/litre

Occurrence Levels in water usually below 0.5mg/litre, although concentrations as
high as 30mg/litre have been measured

ADI 0.01 mg/kg of body weight for the sum of 2,4-D and its salts and
esters, expressed as 2,4-D, on the basis of a NOAEL of 1 mg/kg of body
weight per day in a 1-year study of toxicity in dogs (for a variety of
effects, including histopathological lesions in kidneys and liver) and a
2-year study of toxicity and carcinogenicity in rats (for renal lesions)

Limit of detection 0.1mg/litre by gas–liquid chromatography with electrolytic
conductivity detection

Treatment achievability 1mg/litre should be achievable using GAC

Guideline derivation

• allocation to water 10% of ADI

• weight 60-kg adult

• consumption 2 litres/day

Additional comments The guideline value applies to 2,4-D, as salts and esters of 2,4-D are
rapidly hydrolysed to the free acid in water

Toxicological review
Epidemiological studies have suggested an association between exposure to
chlorophenoxy herbicides, including 2,4-D, and two forms of cancer in humans: soft-
tissue sarcomas and non-Hodgkin lymphoma. The results of these studies, however,
are inconsistent; the associations found are weak, and conflicting conclusions have
been reached by the investigators. Most of the studies did not provide information on
exposure specifically to 2,4-D, and the risk was related to the general category of
chlorophenoxy herbicides, a group that includes 2,4,5-trichlorophenoxyacetic acid
(2,4,5-T), which was potentially contaminated with dioxins. JMPR concluded that it
was not possible to evaluate the carcinogenic potential of 2,4-D on the basis of the
available epidemiological studies. JMPR has also concluded that 2,4-D and its salts
and esters are not genotoxic. The toxicity of the salts and esters of 2,4-D is compara-
ble to that of the acid.

History of guideline development
The 1958 and 1963 WHO International Standards for Drinking-water did not refer to
2,4-D, 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 Guide-
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lines for Drinking-water Quality, published in 1984, a health-based guideline value of
0.1 mg/litre was recommended for 2,4-D, based on the ADI recommended by WHO
in 1976, but it was noted that some individuals may be able to detect 2,4-D by taste
and odour at levels exceeding 0.05 mg/litre. The 1993 Guidelines established a health-
based guideline value of 0.03 mg/litre for 2,4-D in drinking-water. This guideline value
was retained in the addendum to these Guidelines, published in 1998, but was based
on the more recent (1996) toxicological evaluation conducted by JMPR. This guide-
line value applies to 2,4-D, as salts and esters of 2,4-D are rapidly hydrolysed to the
free acid in water.

Assessment date
The risk assessment was originally conducted in 1998. 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 references
FAO/WHO (1997) Pesticide residues in food – 1996. Evaluations 1996. Part II – Toxi-

cological. Geneva, World Health Organization, Joint FAO/WHO Meeting on 
Pesticide Residues (WHO/PCS/97.1).

WHO (2003) 2,4-D in drinking-water. Background document for preparation of WHO
Guidelines for drinking-water quality. Geneva, World Health Organization
(WHO/SDE/WSH/03.04/70).

12.36 2,4-DB
The half-lives for degradation of chlorophenoxy herbicides, including 2,4-DB (CAS
No. 94-82-6), in the environment are in the order of several days. Chlorophenoxy her-
bicides are not often found in food.

Guideline value 0.09 mg/litre

Occurrence Chlorophenoxy herbicides not frequently found in drinking- water;
when detected, concentrations are usually no greater than a few
micrograms per litre

TDI 30mg/kg of body weight, based on a NOAEL of 3 mg/kg of body
weight per day for effects on body and organ weights, blood
chemistry and haematological parameters in a 2-year study in rats,
with an uncertainty factor of 100 (for inter- and intraspecies variation)

Limit of detection 1mg/litre to 1 mg/litre for various methods commonly used for the
determination of chlorophenoxy herbicides in water, including solvent
extraction, separation by GC, gas–liquid chromatography, thin-layer
chromatography or HPLC, with ECD or UV detection

Treatment achievability 0.1mg/litre should be achievable using GAC


