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Cancer Risks from Arsenic in Drinking

Water
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Ingestion of arsenic, both from water supplies and medicinal preparations, is known to cause skin cancer. The evidence
assessed here indicates that arsenic can also cause liver, lung, kidney, and bladder cancer and that the population cancer
risks due to arsenic in U.S. water supplies may be comparable to those from environmental tobacco smoke and radon in
homes. Large population studies in an area of Taiwan with high arsenic levels in well water (170-800 ug/1.) were used to
establish dose-response relationships between cancer risks and the concentration of inorganic arsenic naturally present
in water supplies, It was estimated that at the current EPA standard of 50 ug/L, the lifetime risk of dying from cancer of
the liver, lung, kidney, or bladder from drinking 1 L/day of water could be as high as 13 per 1000 persons. It has been
estimated that more than 350,000 people in the United States may be supplied with water containing more than 50 ug/L
arsenic, and more than 2.5 million people may be supplied with water with levels above 25 ;.g/L.. For average arsenic levels
and water consumption patterns in the United States, the risk estimate was around 1/1060. Although further research is
needed to validate these findings, measures to reduce arsenic levels in water supplies should be considered.

Introduction

Arsenic is a ubiquitous element present in various compounds
throughout the earth’s crust. It was identified in ancient times;
the Greek alchemist Olympiodorus reportedly obtained metallic
arsenic by roasting one of its sulfides. The use of arsenical com-
pounds increased greatly during the 18th and 19th centuries, in-
cluding use in pigments and dyes, in preservatives of animal
hides, in glass manufacture, agricultural pesticides, and various
pharmaceutical substances.

The first described health effect, reported by Agricola in De
Re Metallica in 1556 (1), involved arsenical cobalt, which ate
away the skin of the hands of workmen. In 1888 Hutchison first
described carcinoma of the skin in patients treated with arsenical
mixtures for psoriasis and other skin conditions (2). Subsequent
investigations have confirmed that ingestion of inorganic arsenic
can cause skin cancer and that inhalation of inorganic arsenic can
cause lung cancer (3).

"Department of Biomedical and Environmental Health Sciences, University
of California, Berkeley, Berkeley, CA 94720,

*Department of Epidemiology, University of North Carolina at Chapel Hill,
Chapel Hill, NC 27599-7400.

®Health Risk Associates, Berkeley, CA 94704.

4Occupational Health Clinic, San Francisco General Hospital, San Francisco,
CA 94110

Address reprint requests to A. H. Smith, Department of Biomedical and En-
vironmental Health Sciences, 314 Warren Hall, University of California,
Berkeley, CA 94720.

Both organic and inorganic arsenic are present in varying
amounts in food. Fish, for example, contain relatively high con-
centrations of organic arsenic. However, inorganic forms of
arsenic are much more toxic than the organic forms. Inorganic
arsenic can be present as either arsenate [As(V)] or arsenite
[As(IIT)]. Although As(I} is more toxic, human metabolism of
As(V) involves reduction to As(IIT) before undergoing detoxifica-
tion by methylation (4).

Arsenic is present in soil at levels ranging from 0.2 to 40 ug/g
(rarely more than 10 ug/g) and in urban air at levels around 0.02
pg/m?® (3}, but for the general population the main exposure to
inorganic arsenic is through ingestion. Although most major
U.S. drinking water supplies contain levels lower than 5 ug/L, it
has been estimated that about 350,000 people might drink water
containing more than 50 ug/L (5), the standard for arsenic set by
the U.S. Environmental Protection Agency (EPA).

Cancer risk estimates attributed to ingested arsenic have been
based on skin cancer risks alone. There is now sufficient evi-
dence to consider other internal and more fatal cancers caused
by ingested arsenic as well. The purpose of this paper is to pre-
sent the findings of a cancer risk assessment of ingestion of in-
organic arsenic in drinking water based on mortality from inter-
nal cancers.

Cancer risk assessments such as this one can be divided into
four steps: hazard identification, dose-response analysis, ex-
posure assessment, and risk characterization (6). The first sec-
tion of this paper deals with hazard identification and presents






