12. CHEMICAL FACT SHEETS

Cyanide

Cyanides can be found in some foods, particularly in some developing countries, and
they are occasionally found in drinking-water, but usually only at very low concentra-
tions. However, there are occasions on which large spills of cyanide, associated with
industry, occur, and these can give rise to very high concentrations in drinking-water
source waters, particularly surface waters.

Reason for not establishing  Occurs in drinking-water at concentrations well below those of health

a guideline value concern, except in emergency situations following a spill to a water source
Assessment date 2009
Principal references IPCS (2004) Hydrogen cyanide and cyanides

WHO (2009) Cyanide in drinking-water

Cyanide is highly acutely toxic. It is detoxified in the liver by first-pass metab-
olism following oral exposure. As a consequence, exposure to a dose spread over
a longer period, through a day, for example, will result in lower toxicity, or higher
tolerance, than the same dose given in a single bolus dose. Exposure to high doses
can give rise to thyroid toxicity as a secondary effect of exposure due to the inhibition
of iodine uptake from the thiocyanate generated through the detoxifying action of
rhodanese. It is difficult to interpret human data in view of the difficulty in assessing
the actual absorbed dose in humans following acute fatal intoxication and the lack of
well-conducted studies on sublethal toxicity.

There is a need for guidance regarding concentrations that would not be of concern
for public health following short-term exposure to cyanide. However, because cyanide is
unlikely to occur in drinking-water at concentrations of health concern, it is considered
unnecessary to derive a formal guideline value for short-term exposure to cyanide.

The data on acute exposure to cyanide are unsuitable for use in deriving a health-
based value for short-term exposure because of the high uncertainty surrounding the
data. Using the NOAEL for effects on the reproductive organs of male rats in a 13-
week study and an uncertainty factor of 100, a TDI of 0.045 mg/kg body weight can be
derived. Because this health-based value is intended for short-term use and exposure
would not exceed 5 days, it is considered to be acceptable to allocate 40% of the TDI
to drinking-water to allow for exposure to cyanogenic glycosides in food. Therefore,
assuming a 60 kg adult drinking 2 litres of water per day with an allocation of 40%
of the TDI to drinking-water, a health-based value of 0.5 mg/l (rounded value) for
short-term exposure can be calculated.

This health-based value is well below the level that is normally considered to be
of health concern for humans. Cyanide is rapidly detoxified, and exposure spread
throughout the day will further reduce the potential for effects. This health-based
value would be suitable for use for a limited period of up to 5 days, which is the longest
period likely to be required under the circumstances of such an emergency. However,
it is probable that, in most circumstances, this value will be highly conservative for
short-term exposure.
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It should be noted that the lowest reported odour threshold for cyanide in
drinking-water is 0.17 mg/l, which is below the short-term health-based value. It is
therefore possible that a small number of individuals will detect cyanide by odour at
concentrations below the health-based value.

The health-based value relates to total cyanide concentration at the tap, including
cyanide from cyanogen chloride in drinking-water as a by-product of disinfection with
chlorine. Cyanogen chloride rapidly breaks down to cyanide in the distribution sys-
tem or when ingested. As the low levels of cyanide normally found in drinking-water
are mostly a consequence of the presence of cyanogen chloride, it is not considered
necessary to develop a guideline value for long-term exposure to cyanide.

Cyanogen chloride
Cyanogen chloride may be formed as a by-product of chloramination or chlorination
of water. It is also formed by the chlorination of cyanide ion present in raw water.

Reason for not establishing  Occurs in drinking-water at concentrations well below those of health
a guideline value concern

Assessment date 2009

Principal references IPCS (2004) Hydrogen cyanide and cyanides
WHO (2009) Cyanogen chloride in drinking-water

Cyanogen chloride is rapidly metabolized to cyanide in the body. There are few
data available on the oral toxicity of cyanogen chloride.

As cyanogen chloride is unlikely to be found in drinking-water at concentrations
that are of health concern, it is considered unnecessary to develop a formal guideline
value for cyanogen chloride. Instead, for guidance purposes, a health-based value is
derived based on cyanide.

Using a NOAEL for cyanide of 4.5 mg/kg body weight per day for minor changes
in the testis in a subchronic study in which rats were exposed through their drink-
ing-water and an uncertainty factor of 100, a TDI for cyanide of 0.045 mg/kg body
weight (corresponding to a cyanogen chloride dose of 0.11 mg/kg body weight) can be
derived. In view of the minor nature of the changes observed and the NOAEL in a pre-
vious chronic study, it is not considered necessary to include an additional uncertainty
factor to allow for the length of the study. Further, it appears that a dose that may be
toxic in acute poisoning would certainly be tolerated under chronic conditions, owing
to efficient detoxification. Assuming a 60 kg adult drinking 2 litres of water per day
and allowing 20% of the TDI to come from water because of the potential for expos-
ure to cyanogenic glycosides in food, the health-based value for long-term exposure is
0.3 mg/1 for cyanide or 0.6 mg/1 for cyanogen chloride (rounded values).

Although low concentrations of cyanide in raw waters will be converted to cy-
anogen chloride by chlorination, cyanogen chloride may also be formed during the
production of chloramines in situ as a residual disinfectant to maintain the hygienic
condition of the distribution system. It is important that treatment be optimized to
minimize the formation of cyanogen chloride while maintaining adequate chloramine
residuals where chloramination is practised.
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