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Arsenic exposure to smelter workers

Clinical and neurophysiological studies

by Sigfrid Blom, MD,l Birgitta Lagerkvist, MD,2, 3 Hakan Linderholm, MD2

BLOM S, LAGERKVIST B, LINDERHOLM H. Arsenic exposure to smelter workers: Clinical and
neurophysiological studies . Scand J Work Environ Health II (1985) 265-269. Forty-se ven copper
smelter workers, exposed to airborne arsenic for 8-40 years, were examined clinically with electro­
myography, and the motor and sensory conduction velocities in their arm s and legs were determined.
Fifty age-matched industrial workers not exposed to arsenic formed a reference group. The level of
arsenic in the air at the smeltery was estimated to be below 500 J.lg/mJ before 1975 and approximately
50 J.lg/mJ thereafter. Urine analyses of arsenic showed a mean value of 71 J.lg/I (I J.lmolll) in the exposed
group; this value is lower than that found in earlier studies reporting clinically detectable neuropathy.
Only minor neurological and eiectromyographic abnormalities were found. A slightly reduced nerve con­
duction velocity in two or more peripheral nerves was more common among the arsenic workers than
the referents, and a statistically significant correlation between cumulative exposure to arsenic and
reduced nerve conduction velocity in three peripheral motor nerves was found. This occurrence was inter­
preted as a sign of slight subclinical neuropathy. In conclusion the risk of clinically significant neuro­
pathy is small when exposure is kept below 50 J.lg/mJ in workroom air. The subclinical findings may be
of interest in relation to the prevention of early adverse health effects from arsenic exposure.

Key terms: arsenic, electromyopathy, nerve conduction velocities, occupational exposure, subclinical
neuropathy.

Inorganic arsenic (As) is known to have adverse
effects on the human nervous system after both
short-term and long-term exposure. There are many
reports on peripheral nervous disturbances caused by
arsenic intoxication. [See the reviews of Landrigan
(8), Nordberg et al (12), Pershagen & Vahter (14), and
the World Health Organization (23).] But there are
fewer studies dealing with effects after long-term
occupational exposure to inorganic arsenic (3, 4). Ac­
cording to Landrigan (8), approximately 1.5 million
workers in the United States are exposed to arsenic,
primarily by inhalation of the trivalent (III) form.

Studies of dose-response relationships between
inorganic arsenic and peripheral neurological dam­
age are scarce. Feldman et al (3) found a high preva­
lence of clinical and subclinical neuropathy in men
with high urinary levels of arsenic (250 [-tg/l or 3
[-tmol/l). The damage to the peripheral neuron was
mainly intracellular, causing a distal axonopathy. A
segmental demyelination may occur as a secondary
phenomenon (l, 4). Sensory nerves were affected be­
fore motor nerves, and neurons with long axons be­
fore those with short axons . Therefore, clinical
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symptoms were usually first seen in distal parts of the
extremities. This type of neuropathy is also seen in
other genetic and acquired neuropathies, ie, in con­
nection with exposure to lead, vibration, and alcohol
(16, 17). A slow recovery has been seen after the
cessation of arsenic exposure (4, 5, 9, 11).

The aim of the present study, which is part of a
larger one (6), was to examine peripheral nervous
function in workers from a copper and lead smeltery
in northern Sweden. The workers had a long expo­
sure to arsenic dust, mainly arsenic(lII) oxide.

Subjects

At the time of the study (1982), 62 men at the copper
smeltery, Ronnskarsverken, had been exposed to
arsenic in the air for 8-40 (mean 23) years. Nine de­
clined to take part in the investigation, and six were
excluded because of chronic illness unrelated to ar­
senic, partly involving the nervous or vascular sys­
tems (two had diabetes, one arthritis, one chronic
kidney disease, one familial polyneuropathy, and one
a high intake of alcohol). The remaining 47 indi­
viduals (mean age 53.6 years) formed the group ex­
posed to arsenic , referred to as arsenic workers. They
had also been exposed to sulfur dioxide and heavy
metals such as a gold, silver, copper, and lead . This
exposure was small, except for three men who had a
long-term exposure to lead. Lead exposure was
checked through an examination of the blood lead
levels available from the medical records of the fac-
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Table 1. Age distribution of the arsenic workers and referents.

Age Arsenic workers Referents
(years) (N=47) (N=50)

36-39 3 2
40-44 3 6
45-49 6 11
50-54 9 8
55-59 15 14
60-64 11 7
65 2

tory. They were low (mean 160 J.lg/l or 0.8 J.lmol/l)
except for the three men with known exposure to
lead. The arsenic content of the air to which they had
been exposed had been around and below the ac­
cepted Swedish occupational standard, which from
the late 1940s to 1975 was 500 J.lg/m3 and thereafter
50 J.lg/m3•

To get an unexposed reference group, we sent a
questionnaire to all the men in the age range 41-65
years at a mechanical industrial enterprise in the
same county. One hundred and ninety-eight of the
262 men (76 %) responded. The 50 referents were
selected from among these. They were the best
matches to the arsenic workers with respect to age
and use of tobacco and vibrating handtools. Subjects
with diabetes were rejected. The referents' mean age
was 52.2 years. (For the age distribution, see table 1.)

The "nonparticipant group," 64 men not having
answered the questionnaire, had a mean age of 52.8
years. Their declarations of health and medical
records at the company were studied, and the only
difference found was that one-third of these workers
had suffered from acute back pain .

Methods

The questionnaire identified the following factors
impairing peripheral circulation or nerve function:
trauma, diabetes, peripheral vascular disease, drug
use, and environmental factors such as vibrating
handtools and exposure to heavy metals or solvents.

All subjects taking part in the whole investigation
had a physical examination, carried out by the same
physician (BL). Finger systolic pressures during cold
provocation were measured and have been described
elsewhere (7). Urine samples were collected for the
analysis of arsenic. With few exceptions, the neuro­
logical examinations were carried out by the same
neurologist (SB). Gross motor strength in the ex­
tremities, tendon reflexes, and sensitivity to touch,
pinprick and vibration (tuning fork, 128 Hz) were
tested.

Electromyography (EMG) was performed bilat­
erally in the calves and feet of all the individuals with
concentric needle electrodes and a Medelec MS 92
electromyograph. The results were graded according
to principles used in routine clinical work (10).

266

Conduction velocity measurements were made on
a Disa 1500electromyograph. The room temperature
was kept at 22-25°C, and the measurements were
made at a skin temperature of approximately 32°C,
the skin being warmed in water if necessary. Motor
conduction velocities were measured in distal seg­
ments with surface electrodes both for stimulation
and recording (ulnar nerve bilaterally elbow-wrist,
peroneal and tibial nerves bilaterally knee-ankle).
Sensory conduction velocities were measured in distal
segments (ulnar nerve bilaterally wrist-finger, sural
nerve bilaterally calf-foot), action potentials being
averaged 24-32 times.

The determinations of inorganic arsenic and its
methylated metabolites in urine were made with
atomic absorption spectrometry after hydride genera­
tion. A crude estimation of the cumulative arsenic ex­
posure was made on the assumption of a mean absorp­
tion of 25 mg per year from 1975on and 250 mg per
year before that (7).

Nerve conduction velocities were calculated for
each individual as the mean value of the right and left
extremity. The differences between the means were
tested with a two-tailed Student's t-test. When the
number of values was less than five, Fisher's exact
probability test was used. Simple regression coeffi­
cients between the variables were calculated with the
method of least squares (2, 18). Multivariate data
analysis (MVDA) was performed with the partial
least squares method recently developed by Wold
(22). The response variables (Y) tested were nerve
conduction velocity in five peripheral nerves, de­
crease of finger systolic pressure during cold provo­
caton , and Raynaud's phenomenon. The predictor
variables (X) were smoking habits, use of vibrating
handtools, age, arsenic in urine, and arsenic expo­
sure. We use the terms response and predictor vari­
abies in accordance with the custom of MVDA to
emphasize the difference in philosophy to traditional
multiple regression. The predictor variables need not
be independent in MVDA, as they must in multiple
regression.

Results

Clinical examination
Ten arsenic workers were found to have a perfora­
tion of the nasal septum, acquired long ago. Forty of
them reported occasional arsenic dermatitis of the
face. Pigment changes and hyperkeratosis of the
skin, considered to be major manifestations of
chronic arsenic poisoning (21), were found to the
same extent on both the arsenic workers and the
referents. One arsenic worker had a malignant skin
tumor. Alcohol consumption was similar in both
groups.

Raynaud's phenomenon and low blood pressure in
the fingers during cold provocation were found more
often in the arsenic workers than in the referents (7).



The neurological history and clinical examination
did not reveal any significant differences between the
arsenic workers and the referents. It should be noted
that 16 arsenic workers and 24 referents reported that
they had suffered from lumbago and /or sciatica. One
arsenic worker complained of burning paresthesia
around the wrists.

Absorption of arsenic

From the exposure level in workroom air and the
concentration of arsenic in urine, the daily absorp­
tion of inorganic airborne arsenic was estimated to be
below 300 /lg (7). The mean urinary level was 71 /lg/l
(1 /lmol/l) in the arsenic workers and 7 /lg /l (0.1
/lmol/l) in the referents. Determinations of total uri­
nary arsenic were made at the copper smeltery about
five years before the study. The mean value at that
time was 425 (range 40-2 000) /lg/l or 6 /lmol/l. A
correlation was found between the earlier determina­
tions in individual subjects and those made by us
(r = 0.7, p < 0.01). No statistically significant cor­
relation was found between arsenic concentration in
urine and nerve conduction velocity in single nerves.
Correction for osmolality of the urine did not alter the
results.

Neurophysiological examination

Electromyography. The electromyographic examina­
tion showed signs of denervation in the calves in 15
arsenic workers and 14 referents (table 2). Four of
these arsenic workers and six of these referents were
above 60 years of age. Some of the denervated sub­
jects had suffered from sciatica. One of the arsenic
workers was known to have used alcohol in excess.

Lower limits of nerve conduction velocities were ob­
tained from the reference group, by the calculation
of mean values from all except four men with moder­
ate denervation in the electromyographic examina­
tion. The lower limits (mean - 2 SD) were 36­
38 m /s in the different nerves of the legs and 41-47
m /s in the nerves of the arms.

Seven arsenic workers (15 0,70) and two referents
(4 %) had nerve conduction velocities below the
lower limits of the reference group in two or more
nerves. They were classified as having subclinical
neuropathy. Among the referents earlier sciatica may
explain this finding . One of the arsenic workers had
long-term exposure to lead and another high alcohol
consumption which could explain the low conduction
velocities. The difference between the arsenic work­
ers and the referents was statistically significant and
remained so when the four men with other possible
causes were eliminated (p = 0.03).

Effects of arsenic exposure and other factors
on the nerve conduction velocity
The partial least squares analysis of the combined
group of arsenic workers and referents revealed a sta­
tistically significant correlation between reduced nerve
conduction velocity in the ulnar motor (p < 0.05),
tibial (p < 0.05), and peroneal nerves (p < 0.001),
as well as a decrease in finger systolic pressure during
cold provocation (p < 0.05) [response variables (Y)]
and exposure to arsenic [predictor variable (X)]. Age
also entered the correlation but less so than the expo­
sure to arsenic (loadings 0.49 versus 0.58). Smoking
habits, or use of vibrating handtools had negligible
loadings in the correlation.

Table 2. Electromyographic findings in the arsenic workers
and referents.

a Figures in parentheses indicate the number of individuals
suffering from lumbago or sciatica.

Nerve conduction velocities. The arsenic workers had
lower mean conduction velocities than the referents
in all the examined nerves, but the differences
between the individual nerves of the two groups were
not statistically significant (table 3). However statisti­
cally significant differences between the groups were
obtained when all the examined nerves were included
in the statistical evaluation performed as follows:

Finding

Normal
Slight denervation
Moderate denervation

Arsenic workers"
(N =47)

32
11 (7)
4 (2)

Referents"
(N=50)

36
10 (6)
4 (2)

Table 3. Nerve conduction velocities in peripheral nerves of the arsenic workers and referents.

Arsenic workers Referents

Nerve, type of nerve Conduction Conduction

Number veloc ities (mls) Number velocities (mls)

Mean SO Mean SO

Ulnar , motor 47 54.26 4.81 50 55.30 4.21
Ulnar , sensory 47 47.48 3.99 50 48.12 3.91
Peroneal , motor 47 44.28 5.32 50 45.65 4.13
Tibial , motor 46 42.38 5.13 40 44.31 4.57
Sural, sensory 45 43.68 5.62 48 44.57 4.70

Difference"

-1.04
-0.64
-1 .37
-1.93
-0.89

a Difference = mean conduction velocity of the arsenic workers minus that of the referents.
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As the referents had no exposure to arsenic , the
correlation found between reduced nerve conduction
velocity and exposure to arsenic sustained the result
of a stati stically significant difference between the ar­
senic workers and the referents.

Discussion

In this study a group of smelter workers with long­
term exposure to inorganic airborne arsenic was
found to have lower mean conduction velocities in
five peripheral nerves than age-matched referents.
When these five variables were included as response
variables in the mult ivariate data analysis, the corre­
lation to cumulative arsenic exposure was statistically
significant. Fifteen percent of the arsen ic worker s
and 4 % of the referents had velocities below the
lower limits of the reference group in two or more
peripheral nerves. This difference was statistically
significant and remained so even when subjects with
other possible causes of neuropathy were eliminated.

In other studies (1, 4) sensory nerves have been
reported to be more sensitive to arsenic than motor
nerves. In the present study this was not the case, and
the reason is unclear. The prevalence of neurologic al
symptoms, clinically detectable neuropathies, and
electromyographic abnormalities were the same in
both groups. A relatively high proportion of the ar­
senic work ers and the referents showed slight to mod­
erate, mostly unilateral signs of dener vation in the
electromyographic examination (table 2). A possible
explanation for th is finding is sciatica , often af­
fecting individuals in heavy industrial work. Slight
signs of denervation above the age of 60 years may,
furthermore, be explained by a " physiological" loss
of motor neurons during normal ageing.

The arsenic worker s had a limited exposure to
other metals, such as copper , selenium, antimony
and lead, and to sulfur dioxide. The referents did not
have a similar exposure except for a low exposure to
lead and solvents. There is no evidence that the
metals mentioned, except lead, cause peripheral
neuropathy. As the lead exposure of the arsenic
workers was low and as the alcohol consumption was
similar in both groups, these factors were probably
not responsible for the difference found . In a previ­
ous stud y on 58 lead worker s and referents from the
same smeltery, no difference in nerve conduction
velocities was found between the groups (13). In a
recent study of smelter workers with a concomitant
exposure to lead and arsenic, no overt peripheral
neuropathy was found. Nerve conduction velocity
measurements detected slight changes in sensory and,
after long-term exposure, motor nerve conduction
velocity (19). These finding s do not cont radict our s.

In this study we found fewer neurological abnor­
malities in connection with arsenic exposure than
reported in other stud ies (3, 4). Feldman et al (3) re­
ported a statistically significant relationship between
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arsenic load and clinical or subclin ical evidence of
polyneuropathy. Workers at a site with a high arsenic
level had the highest urinary arsenic values (250 J.(g/l
or 3.3 J.(mol/l) and an increased prevalence of neuro­
logical abnormalities. Atomic absorption spectro­
metry was used, probably without hydride generation,
and thu s inorganic arsenic only was determined and
not its methylated metabolites. In the study by Hey­
man et al (4), 41 cases of peripheral neuropathy
caused by arsenic intoxication were described . The
majority of the patients with clinical evidence of
arsenic intoxication were said to have urinary values
of total arsenic greater than 100 J.(g (1.3 J.(mol)/24 h
of urinary excretion. Our referents were better matched
to the arsenic workers with regard to age than in the
other studies discussed.

Inhaled inorganic arsenic is mainly metabolized to
methylated species (20). We have determined inor­
ganic arsenic and its methylated compounds. Such
values are lower than total urinary arsenic, which in­
cludes dietary arsenic . Atomic absorption spectro­
metry of inorganic arsenic without hydride genera­
tion gives the lowest values. Therefore, comparisons
between different studies are difficult . Other authors
have, however, reported a significant correlation
between arsenic levels in urine and the concentration
of inorganic arsenic in the air (15, 20).

If arsenic levels in urine are taken as an indicator
of current exposure, our workers appear to have had
a lower exposure than those in previous studies , al­
though the methods of analysis were not directly
comparable. In our study the daily absorption of ar­
senic was estimated to be less than 300 ug, This esti­
mate was confirmed by the urinary analysis (7). The
arsenic workers had been exposed to arsenic for a
long time (mean 23 years) . Before 1975, when the
occupational exposure limit was 10 times higher , uri­
nary arsenic must have been higher, probably of the
same magnitude as that which caused neuropathy in
the Feldman et al study (3). The urinary levels of ar­
senic measured earlier at the factory confirm this
assumption. It appears that the present air level of ar­
senic (50 J.(g/m3) is low enough not to cause clinical
neuropathies. The subclinical neurological distur­
bances (low conduction velocities) found could be
due to the previous higher exposure to arsenic. Clini­
cal experience suggests that arsenic neuropathy is, at
least partly, reversible (1, 4). It is not known if this
is the case in long-term continuous exposure.

In conclusion, we found a slightly increased preva­
lence of subclinical neuropathy man ifested as low
condu ction velocities in peripheral nerves in worke rs
with long-term exposure to airborne arsenic. The
prevalence of clinical symptoms and signs and elec­
trornyographic abnormalities was, however, approxi­
mately the same in both the arsenic workers and their
age-matched referents. The exposure levels were
lower than in earlier studies reporting both clinical
and subclinical neuropathy.
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