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‘RUSTERS'. THE CORROSIVE ACTION OF PALMAR SWEAT:
[. SODIUM CHLORIDE IN SWEAT
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Absiract. Sweat from 8 ‘rusters’ and 8 control persons
was examined for its sodium concentration. Sweating was
induced by iontophoresis of pilocarpine on the distal
forearm. In no case did the concentrations exceed the
normal upper limit for this procedure, and no difference
was found between the two groups. In this way the study
failed to confirm earlier reports of elevated sodium
chloride concentrations in sweat from ‘rusters’. Proposals
of a relationship between ‘rusters’ and patients with
pancreatic cystic fibrosis were not substantiated. Hy-
perhidrosis of the palms and volar surfaces of the fin-
gers was present in all ‘rusters’. This seemed to be the
main cause of the corrosive tendency, and patients re-
ferred for palmar hyperhidrosis were found to produce cor
rosion similar to the ‘rusters’. Topical application of
aluminium chloride hexahydrate in a 25% solution in
absolute ethyl alcohol proved effective against both
hyperhidrosis and the corrosive tendency.
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Contamination of metal objects by palmar sweat.
resulting in corrosion. has been known for many
years (11), and metal workers with this tendency
are called ‘rusters’. It is considered a problem in the
metal industry (6). as the corrosion may cause
malfunction of the components, especially in in-
dustries manufacturing tools, ballbearings and
electronic components. The condition does not
seem to be rare and constitutes a risk to the ‘ruster’
of being discharged from his job (2).

Investigations of the condition have dealt particu-
larly with the concentration of sodium chloride in
sweat (3, 4, 6). The reporting of abnormally high
concentrations in sweat from ‘rusters’ (3. 4). and the
proposed relationship between ‘rusters’ and patient
with pancreatic cystic fibrosis (3, 8). seemed
surprising. The purpose of the present study was to
further investigate these problems and to make an
attempt at treating the condition.

MATERIALS

Nineteen persons were examined. Eight were ‘rusters’ (4
apprentices and 4 skilled workers in the metal industry)
with a known tendency to produce corrosion. Three pa-
tients referred to the clinic for palmar hyperhidrosis were
also examined, plus 8 persons who had never noticed any
carrosive tendency; the latter served as a control group.
The ‘rusters' and control persons were all males and had
identical occupations in the metal industry. The mean age
for the ‘rusters’ was 28.5 years and for the controls, 30.3
years. Two of the patients with hyperhidrosis were fe-
males (aged 14 and 46 years) and one was a male (aged
26 years).

METHODS
Corrosion tests

A preliminary test was performed on all 19 persons. The
palms and volar surfaces of the fingers were pressed
against carefully rinsed steel plates (mild steel, containing
0.09% carbon). The plates were exposed at 21-23°C and
60% relative humidity, and the corrosion was evaluated 2
weeks later.

Measurement of the sodium concentration
in sweat

Sweating was induced on the distal part of the volar
surface of the right forearm of ‘rusters’ and control
persons by iontophoresis of pilocarpine nitrate 0.2%. This
method. originally described by Gibson & Cooke (10), was
used in a slightly modified way (9). Sweat was collected
from the carefully cleansed skin surface on electrolyte-
free filter paper and analysed for its sodium content by
flame photometry.

RESULTS

All 'rusters’ and patients with palmar hyperhidrosis
reported a long history of troublesome palmar
sweating. Four ‘rusters’ and the 3 patients had addi-
tional complaints of excessive sweating from the
feet and axillary regions. In both groups. mental
stress and nervousness would provoke or worsen
the sweating. The ‘rusters’ stated that increased
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Fig. 1. Corrosion test on sheet of mild. unpolished steel.
Left: print made by a ‘ruster’; right: print made by one of

sweating would aggravate corrosion. No history of
pancreatic cystic fibrosis was found in them or in
their families. The patients had never noticed any
corrosive tendency.

On examination. hyperhidrosis of the palms and
volar surfaces of the fingers was present to a vary-
ing extent in all ‘rusters’ and patients. Severe
hyperhidrosis with drops of sweat on fingers and
palms. occasionally dripping to the floor, was seen
in 5 ‘rusters’ and the 3 patients. while the rest of the
‘rusters’ had a more moderate hyperhidrosis with
small droplets of sweat on fingers and palms.

None of the control persons compiained of
hyperhidrosis. and their hands were dry except for
2 subjects with slightly moist fingertips.

Corrosion tests

Corrosion was produced by all ‘rusters’ and patients
(Fig. 1) in varying degrees. None of the controls
produced corrosion.

Determination of sodium concentration

in sweat

The mean value for the ‘rusters’ were 49.1 mEq/l
(range 26-67 mEq/l) and for the control persons.
49.6 mEqy/I (range 31-68 mEq/l). The difference was
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the patients with palmar hyperhidrosis, a 46-year-old
woman who had never noticed any corrosive tendency.

not significant (»>0.10). [n no case did the results
exceed 80 mEq/l. the normal upper limit for this
procedure (9).

The weight of collected sweat was higher for the
‘rusters’ (mean 0.093 g) than for the controls (mean
0.066 g). The significance of the ditference is ques-
tionable (0.10>p>0.05).

TREATMENT OF HYPERHIDROSIS

Five of the ‘rusters’ and the-3 patients with palmar
hyperhidrosis were treated with aluminium chloride
hexahydrate in a 259% solution in absolute ethyl
alcohol (16). The formulation was applied to the
palms and volar surfaces of the fingers from a roll-
on bottle in the evenings just before sleep. Occlu-
sion of the hands. recommended in the original de-
scription of this treatment (16). was not used. The
hands were washed next morning. During the first
week treatment was given every night and thereat-
ter every second night. After 3 weeks all 8 persons
had noticed excellent improvement. On examina-
tion the palms and fingers were dry in 6 persons.
while 2 were moist on the fingertips. On continued
observation for 2 months the effect could be
maintained by application every second to third
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night. and the ‘rusters’ stated that the corrosive
tendency either had disappeared or diminished to a
negligible extent. No side effects were seen.

DISCUSSION

Rusting of metal by palmar sweat is an example of
atmospheric corrosion. The chemical processes are
described by Evans (7). In the sweat drop, being
rich in sodium chloride and having an oxygen-
containing surface, an electrolytic reaction will take
place. resulting in the formation of brown rust
(Fe,Qq4 - H,0). The function of sodium chloride is to
carry the electric current.

In the published works on ‘rusters’, interest has
been focused on the sodium chloride content of
swealt, as this seems to be the most impostant factor
in the chemical reaction taking place on the metal
surface. An increase in sodium chloride concentra-
tion would tend to exacerbate the corrosion.

It is generally accepted that the concentration of
sodium chloride in sweat is less than in plasma (14).
Great individual variations are seen in sweat from
normal persons. though concentrations above 80
mmol/l seldom occur (14). Variations may be
caused by differences in sweat rates, as increasing
concentrations are observed with increasing sweat
rates (12). The method of stimulating sweating may
influence the concentration. as pharmacologically
stimulated sweat tends to have a higher concentra-
tion than thermal sweat (15). The region from which
sweat is collected may also be of importance. but
results are conflicting. In palmar sweat, values of
215-1640 mg NaCl per 100 ml have been reported
(13), while another study on palmar sweat resulted
in concentrations of 4-100 mEq/l of chloride (5).
similar to concentrations from other regions of the
body. Whether the analysis is made on sodium or
chloride. the results are by and large similar (12).

Previous reports on abnormally high concentra-
tions of chloride in palmar sweat from ‘rusters’ (3.
4) were based upon ditferent methods. Using a
semiquantitative technique. Buckley & Lewis (3)
found values up to 150 mEq/1 of chloride, but even
higher concentrations—up to 1000 mmol/l of
sodium chloride—were reported by Burton et al.
(4), without mention of the technique.

For many years the technique employed in the
present study has been used in the diagnosis of
pancreatic cystic fibrosis, and reliable normal val-
ues exist. Although individual variations are seen

among adults. values exceeding 80 mEq/] of sodium
are rarely found (9).

In the present study all concentrations were
within normal limits, and no difference was found
between ‘rusters’ and control persons. We are
therefore unable to confirm the above-mentioned
reports on elevated salt concentrations. The most
striking observation was the finding of hy-
perhidrosis of the palms in all ‘rusters’. The im-
portance of hyperhidrosis was further substan-
tiated, as it was observed that the 3 patients with
palmar hyperhidrosis caused corrosion similar
to that of the ‘rusters’. with regard 10 both quantity
and chemical content (Fig. I). It is interesting to
note that these patients had never observed any
tendency to corrode metal. probably because they
did not handle metal specimens in their daily work.
They must nevertheless be considered potential
‘rusters’ and if they work in the metal industry. their
future employment may. in consequence, be at risk.

Treatment of hyperhidrosis with aluminium
chloride hexahvdrate in alcohol (2. 16) proved ef-
fective in both ‘rusters’ and patients, and occlusion
of the hands proved unneccessary. Following con-
tinued therapy the “rusters’ noted disappearance of
the corrosive tendency.

The fact that greater amounts of sweat were
obtained after iontophoresis of pilocarpine from the
‘rusters’ than from the control persons is difficult to
explain, but it is conceivable that persons suffering
from hyperhidrosis may be more susceptible to
cholinergic stimulation (1).

A relationship between ‘rusters’ and patients with
cystic fibrosis of the pancreas. based upon reports
of elevated sodium chloride concentrations in sweat
from ‘rusters’, has been proposed (3, 8). We feel
that this does not seem likely. Apart from normal
sodium concentrations, all ‘rusters’ were in good
health, with no history in themselves or in their
families of this disease, which usually causes dis-
tinct symptoms in childhood.
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