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Urinary arsenic concentrations in a
high arsenic area of south west England

Several studies have suggested an association
between incidence of cancer and chronic
exposure to inorganic arsenic (As) by inges-
tion or inhalation.' 2 The acute toxicity of
inorganic arsenic is reduced by methylation
in mammals, including humans.' This meth-
ylation, leading to monomethylarsonic acid
(MMA) and dimethylarsinic acid (DNMA)
accelerates the excretion of As in urine,
reduces its affinity for thiol groups, and is
expected to moderate its carginogencity.'
Inorganic arsenate, As(V), is the usual form
ofAs ingested in dust, soil, and water, and the
first step before methylation is reduction to
arsenite, As(III). The methylation of arsenite
becomes less efficient as the dose increases,
leading to the suggestion that the methylation
capacity is saturable, and that at high doses
inorganic arsenic (arsenate and arsenite) will
appear in the urine. However, a review of lit-
erature concluded that there is no evidence
for the saturation of the methylation process
related to exposure.4
We report here the results of a pilot study of

arsenic species in first void urine from male
volunteers (adults aged 18-65, boys aged 3-8
years) living in south west England. From
about 1860 to 1900, this region was the
world's major producer of arsenic. Today,
many of the old mining and smelting sites are
derelict contaminated land, with exception-
ally high concentrations of arsenic in surface
soils. Urine samples were obtained from resi-
dents of Gunnislake, a village with a history of
arsenic mining and smelting, and from
volunteers living in cottages on the site of the
nearby derelict Devon Great Consols mine.
For comparison, control samples were taken
from the village of Cargreen, where there is
no history of mining and smelting. Garden
soils in the contaminated areas contained
high concentrations of arsenic (mean value
365 gg/g compared with 40 jg/g for the con-
trol area). Ingestion or inhalation of soil and
dust causes possible exposure to arsenic.
Drinking water and locally produced vegeta-
bles are not important exposure routes.
Arsenic species in urine were separated by ion
exchange and inductively coupled mass spec-
trometry (ICP-MS) was used as a specific
arsenic detector.
The results (table) show higher concentra-

tions of the total arsenic (AsT), (where AsT is
the sum of the species: arsenite, arsenate,

Table 1 Ranges of concentramions andfrequency of detection of arsenic species in urine

Gunnislake Dewn G C
Cargreen (n=7) (n=17) (n=7)

AsT (As, + DMA + MMA) ig/il:
Range 2.3-31.4 (2.5-5.6)* 2.3-105.9 3.7-27.7
Mean 8.2 (4.3)* 20.3 17.8
Median 4.9 (4.65)* 12.4 23.5

AsT (As,+ DMA + MMA) pg/g creatinine:
Range 2.5-32.7 (2.48-5.3)* 2.65-58.95 5.1-17.6
Mean 8.3 (4.2)* 14.6 10.8
Median 4.65 (4.5)* 9.2 9.6

Arsenite, As(III) jig/g creatinine:
Range BDL-0.63 (BDL-0.63)* BDL-8.5 0.6-1.8
Median BDL (BDL)* 1.68 0.9
Number above detection limit 1 14 7

Arsenate, As(v) jg/g creatinine:
Range BDL (BDL)* BDL-2.95 0.0-2.1
Median BDL (BDL)* 0.9 1.34
Number above detection limit 0 13 6

DMA jig/g creatinine:
Range 2.48-32.7 (2.48-5.37)* 1.93-54.3 3.33-15.5
Median 4.65 (4.2)* 5.63 8.3
Number above detection limit 7 17 7

MMA jg/g creatinine:
Range BDL (BDL)* BDL-3.8 BDL-0.9
Median BDL (BDL)* 0.33 BDL
Number above detection limit 0 2 2

*Values in parentheses represent summary statistics excluding one outlying value.
BDL=below detection limit (<0.5 jig/I); when arsenic was below the detection limit the value was taken as
zero, not detected.

monomethylarsonic acid, and dimethyl-
arsinic acid) in urine samples from volunteers
living in the high arsenic areas in comparison
with those from the control area, although
confidence in the findings is low because of
small numbers. The results differ also with
respect to the pattern of arsenic species.
Almost no inorganic arsenic was detected in
the control samples, whereas arsenite was
detected in 14 of 17 samples from Gunnis-
lake and all seven samples from the Devon
Great Consols mine. Similarly arsenate was
detected in 13 and six of these samples
respectively.
Our results indicate that residents in the

areas with high concentrations of arsenic in
the soil seem to excrete in the first void sam-
ples: (a) higher median total arsenic in the
urine, (b) a higher percentage of the total as
inorganic arsenic, and (c) a lower percentage
of the total as dimethylarsinic acid (DMA),
when all the arsenic concentrations are
expressed in ig As/g creatinine. This pattern
of arsenic species in the urine has also been
found by Johnson and Farmer to be associ-
ated with chronic exposure to arsenic.'
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