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INTRODUCTION

Arsenic is well recognized as an element of public concern. Although the
main route of entry to man is ingestion, inhalation can also be significant
for occupational exposure. In contrast to several other potentially toxic el-
ements, local health effects are apparent in areas naturally enriched with
arsenic as well as in areas contaminated by industrial activities. This ele-
ment has been quite extensively studied in terrestrial environments, fresh
and marine waters and air in some geographic regions. With the develop-
ment of new analytical methods much greater insight into the occurrence
of the various inorganic and organic forms of arsenic is being obtained.
Our knowledge of arsenic cycling is, however, still limited primarily be-
cause some natural sources which may be dominant are poorly quantified.
However, there are estimates of the extent to which methylated arsenic com-
pounds contribute to ambient atmospheric arsenic levels and estimates of
low temperature volatilization.

SOURCES

Arsenic is ubiquitous in our environment and has both natural and an-
thropogenic sources, the atmosphere being the major transport pathway for
this element (Buat-Menard, 1984). Chilvers and Peterson (this volume, Ch.
17) have reviewed current information on the various source strength es-
timates. Total arsenic emissions into the atmosphere from anthropogenic
sources are of the order of 30000 T/yr. About 60% results from two ma-
jor sources, copper smelting and coal combustion. Uncertainties on these
estimates depend mostly on the adopted value for emission factors. Since
emission factors havebeen taken from developedcountries, estimatedglobal
source strengths could be underestimated. Data are needed from countries
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outside Europe, the USA and Canada in order to refine present global es-
timates. Also, there are still gaps in the details of anthropogenic sources of
arsenic such as herbicide use, agricultural and forest burning, gold mining
and smelting (especially from the USSR and South Africa), and wood and
cow dung burning (Africa and India being the major sources). Chilvers and
Peterson have calculated herbicide use of arsenic at 3440 tons per year, coal
combustion at 6240 tons As/year and combined smelter and steel production
at 14350 tons As/year.

Uncertainties in our knowledge of natural arsenic sources are much larger
than for anthropogenic sources. This is probably a priority research area
since source strength estimates are estimated at 60: 40 for natural versus an-
thropogenic sources. According to Chilvers and Peterson (this volume, Ch.
17) volcanic activity and low temperature volatilization (biological methyla-
tion) are the two dominant natural sources. They calculate low temperature
volatilization to be 26200 tons As/year with volcanoes, on average, con-
tributing 17 150 tons As/year to arsenic emissions from natural sources of
45480 tons As.

For the volcanic source (Zoller, 1984) we have to distinguish between large
but sporadic emissions due to explosive volcanic activity and continuous
emission, magma degassing, fumarolic activity, and geothermal activity. The
latter emission may be assumed through estimates of sulphur flux to the
atmosphere from volcanoes and As/S ratios.

Although biological methylation of arsenic was postulated ten years ago
by Wood (1974), its importance as a source for atmospheric arsenic has yet
to be carefully evaluated through direct flux measurements.

While global emissions to the atmosphere from anthropogenic sources,
especially copper smelters, contribute indirectly to contamination of the
land and terrestrial waters, considerable amounts of arsenic are added to
the land directly as landfill from the dumping of slag and sludges, and in
the waste water from smelting and refinery activities (Chilvers and Peterson,
this volume, Ch. 17). Such direct anthropogenic emissions to land and water
are of comparable magnitude with the atmospheric emissions although their
initial impact is more likely to be of local concern, rather than of regional or
global significance. However, where these local imports involve high human
population densities or large populations per se, then their significance is
not to be minimized.

PATHWAYS

The general view of the Working Group is that we need more studies of the
various biogeochemical and biochemical pathways of arsenic. Such studies
should consider not only total arsenic but its occurrence in different chemical
forms, inorganic and organic, which have different levels of toxicity and
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different lifetimes in the various environments of concern. While a great
deal of information is now available, the completeness of the data-base is a
good deal less than lead, for example.

Biogeochemical Pathways

Removal rates of arsenic from the atmosphere to terrestrial ecosystems
should be investigated both on local and regional scales. There is a dearth
of data on arsenic speciation in aerosols, especially as a function of particle
size. This dearth of data is also evident for arsenic in rainwater, cloud water
and fog. Also, if volatile forms of arsenic are emitted into the atmosphere
(either from the marine or from the terrestrial biosphere) we need to know
the lifetimes of these volatile species (which might be very short, ~ 1 day)
as well as their end-products.

A good data-base is needed for aquatic systems such as lakes, estuaries and
rivers especially outside Western Europe and North America. Of particular
concern is the understanding of the local arsenic cycle in such environments:
the role of redox cycling and microbial activity on arsenic speciation deserves
special attention especially for assessing As(III) levels. Mining areas should
be given first priority in future studies. Studies on the tolerance of various
sediment bacterial species to arsenic have focused on both the occurrence
of the phenomenon and on the mechanisms.

With respect to soils, there is a need to assess the relative importance of
external sources (atmospheric deposition) and internal sources (rock weath-
ering) which may be highly variable geographically (Steinnes, this volume,
Ch. 9). A comprehensive picture of arsenic cycling (speciation and transport)
between the biotic and abiotic soil compartments has yet to be established,
as well as an assessment of transfer rates in the relevant ecosystems (plants,
trees, animals). However, the data-base has improved substantially over the
past 10-15 years so that the need is now for a better geographical coverage,
for more details on specific ecosystems and for studies of pathways, feedback
loops and mechanisms of retention.

Pathways to Man

It was suggested that because of the so-called soil/plant barrier effect, el-
evated arsenic concentrations in soils may well reduce crop production
substantially before enhanced food chain accumulation occurred (Chaney,
1984). Moreover, the food chain can be affected directly through ingested
soil which may also contain significant levels of arsenic contaminants. Again,
most of our knowledge is based on a limited number of data from temper-
ate soils. Much of this has been recently reviewed(e.g.NRC Canada,1979;
Lederer and Fensterheim, 1983).
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Certain fish species are a potential source of As(III). A data-base for sea
water and freshwater fishes is needed together with toxicological studies.

Perhaps the most critical pathway to man recognized at present is through
drinking water. Most studies undertaken up to now relate to arsenic in
tap water. However, surface waters as well as groundwaters are significant
sources of drinking water for many populations and may show locally high
levels above threshold range either in anomalous geochemical areas, or close
to mining areas or fly ash deposits. Such areas deserve particular attention.
Poisonings from arsenic-contaminated well water have occurred in many
countries on a small scale.

Though it is generally thought that inhalation is a minor pathway of ar-
senic to man, occupational exposure to high arsenic atmospheric concentra-
tions and arsenic-rich particulates is of concern especially in some mining
and smelting industries. The Working Group recommends that arsenic mon-
itoring should be undertaken in such areas.

SINKS

Relatively little is known about the fate of arsenic in lacustrine, coastal
and estuarine sediments. Important issues are (i) the assessment of arsenic
sulphide as an ultimate arsenic sink in anoxic sediments, and (ii) the rate
of remobilization of arsenic as a function of redox conditions in sediments
and hypolimnion. Of special concern is the release of As(III) from anoxic
to oxic environments (Turner, this volume, Ch. 12).

HUMAN HEALTH CONCERNS

Because of the absence of data as indicated above, especially outside North
America and Western Europe, it is difficult at present to assess what fraction
of the population of the Earth is potentially subject to arsenic health effects.
Research is needed to identify potential early warning biological indicators
especially for freshwater ecosystems (Andreae and Klumpp, 1979). Moni-
toring of foodstuffs and beverages is an ongoing necessity, as is regulation
of drinking water quality.

The health effects of arsenic are now much better understood. Epidemi-
ological studies have implicated airborne arsenic, as well as arsenic in pesti-
cide manufacturing plants, in increased respiratory cancers. The three main
groups/industries at risk are: (a) copper smelter workers, (b) arsenical pesti-
cide manufacturing workers, and (c) arsenical pesticide applicators. In each
case, exposure is not only to arsenic but to other chemicals also, so the
correlations are not absolute (Harding-Barlow, 1983). In all cases studied, a
synergistic interaction with tobacco smoking has been found.
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Though the biological half-lives of some arsenic compounds are relatively
short and thus suggest no age dependent accumulation in man (Hutton, this
volume, Ch. 6) they should also be determined with better accuracy for all
the relevant arsenic species. It is also recommended that studies on 'hand-
mouth' exposure of children should be undertaken where high arsenic levels
in soils are observed, as in the vicinity of arsenic-emitting smelters or gold
mines, and around arsenical pesticide manufacturing plants.

ANALYTICAL CONCERNS

It is important that studies addressing the problems noted above take full
advantage of recent analytical developments allowing identification of both
organic and inorganic forms of arsenic in aquatic systems (Andreae and
Klumpp, 1979). The development of analogous techniques for arsenic spe-
ciation in the atmosphere, soils and biological matrices is strongly recom-
mended, together with the development of appropriate reference materials
relevant to local and regional issues (see Group Report on Standards, this
volume, Ch. 5).

GENERAL RECOMMENDATIONS

Systematic studies where high levels of arsenic can be anticipated, such as
mining and anomalous geochemical areas, should be undertaken.

The high levels of arsenic encountered in present and potential drinking
water supplies indicate that further studies be initiated before new resources
are developed. Such studies should be encouraged by national organizations.

Our knowledge of anthropogenic source strengths outside Western Eu-
rope and North America should be improved.

More accurately measured emission rates from natural sources (volcanoes,
low-temperature volatilization) for each of the hemispheres, as well as the
role of the oceans as a net source or sink for arsenic should be established.

Documentation at regional and global scales of the past and future trends
of anthropogenic arsenic emissions is required. Historical records from ice
cores or lake sediments and peat bogs are certainly worthy of study. Projec-
tion of future trends should take into account changes in technology as they
are likely to occur in each country.

The level of interaction of the arsenic cycle with other cycles (P, Fe, Mn)
in both marine and terrestrial ecosystems should be established.

Biogeochemical and biochemical investigations on arsenic should conform
with appropriate sampling and analytical methodology. The development of
more relevant reference materials should also be strongly encouraged.
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