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Abstract
Drinking water quality guidelines are often interpreted by the non-expert as make or break cut-off values below which drinking water is absolutely safe, and above which it is totally unacceptable. In reality there is no such knifelike cut-off limit, and
there is a large grey area between safe water and undrinkable water. The uncertainty of the boundaries of the grey area for
each constituent presents a serious problem, both in the creation of sound drinking water quality guidelines or standards, and
in the problem of how to interpret the risk to human health when guideline values are exceeded. In this paper this problem is
discussed using the case of arsenic, where the deﬁnition of the boundaries of the grey area is particularly uncertain.
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Introduction
In order to ensure safe drinking water, and gauge the quality of
treated drinking water, guidelines or standards, in terms of concentration of determinands, are customarily deﬁned with which
to evaluate the safety of drinking water (SANS, 2005; WHO,
2004). Water service providers are obliged to comply with appropriate water quality standards (DWAF, 2005). The conventional
drinking water treatment process of ﬂocculation, sedimentation,
ﬁltration and chlorination, is at times hard-pressed to remove
trace constituents to levels which satisfy the South African Class
0 (ideal) of the SABS 241:2001 drinking water standard, which
in the case of arsenic is set at 10 µg/ℓ (SABS, 2001). According
to the SABS 241:2001 classiﬁcation system the Class 1 acceptable standard of 10 to 50 µg/ℓ is also deemed safe for lifetime
use. Drinking water authorities are put under great pressure
by the public to try and achieve Class 0 (ideal) drinking water
quality. Yet the reaching of the stricter level, particularly where
the source water contains signiﬁcant concentrations of arsenic
from typically natural causes, presumably due to oxidation of
arseno-pyrite, entails careful optimisation of the treatment process and particularly effective ﬁltration to remove ﬁne suspended
particulate material. Such careful optimisation of the treatment
process has signiﬁcant cost implications, both in instrumentation needed for monitoring and analysis and costs of treatment
chemicals as well as trained operators (DWAF, 2002).
This paper discusses the implications of the uncertainties
regarding the relationship between concentrations of the substances in the water and their health effects in interpretation of
drinking water quality guidelines. These uncertainties are particularly evident in the case of arsenic.

Health effects of arsenic
The subject of arsenic in the diet is one which is associated with
dread by many, as it is a substance which has been the basis
of many historical poisonings, including the death of Napoleon
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Bonaparte on the island of St. Helena (Weider and Fournier,
1999) and the madness of King George III of Britain (Cox et al.,
2005). Arsenic is both a toxic substance in excess as well as a
carcinogen by inhalation (EPA, 1992). Despite hundreds of studies on arsenic’s health effects, the mechanism of action remains
uncertain, partly due to the lack of a really suitable animal
model, but also because of the contradictory ﬁndings in different
studies which seem to characterise arsenic epidemiology, and it
is still not clear whether arsenic is a primary carcinogen or a cocarcinogen, requiring a carcinogenic partner (Rossman, 2003).
Arsenic can give rise to skin cancers, the most obvious with
drinking water exposure to elevated arsenic concentrations, as
well as to cancers of the lung, bladder and liver (Morales et al.,
2000). Ingesting arsenic at concentrations from 300 to 30 000
µg/ℓ will cause noticeable health effects, and concentrations
above 60 000 µg/ℓ can be lethal (ATSDR, 2000).
One of the major challenges in establishing valid doseresponse relationships and especially safe threshold levels for
arsenic is that there are not only large interspecies differences,
but also genetic variations within humans as to how arsenic is
metabolised, which strongly affect susceptibility to the toxic
effects of arsenic (Vahter, 1994; Westerfeldt et al., 2001).
To make the understanding even more problematical is the
fact that the previously well-accepted hypothesis that toxic
inorganic trioxide is detoxiﬁed in the body by methylation, has
been shown to probably do the reverse, i.e., that the methylation
process actually activates arsenic as a toxin and (co)carcinogen
(Styblo et al., 2002).

Drinking water guideline limits for arsenic
The need for sound drinking water guidelines for arsenic is
nowhere better illustrated than in the tragedy of the mass chronic
arsenic poisoning occurring in Bangladesh and West Bengal
where millions of people have been exposed to drinking water
containing in excess of 50 µg/ℓ arsenic and where many show
symptoms of chronic arsenic toxicity with both skin and internal
organ lesions (Rahman et al., 2001).
It is instructive that the WHO limit for arsenic was originally set at 200 µg/ℓ in 1958, based on avoidance of arsenic
toxicity, but which was lowered to 50 µg/ℓin 1963, and still lower

95

