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Neuropsychiatric symptoms among welders exposed
to neurotoxic metals

Bengt Sjogren, Per Gustavsson, Christer Hogstedt

Abstract
Neuropsychiatric symptoms in 65 welders
exposed to aluminium and 217 railroad track
welders were studied with the aid of a
previously validated questionnaire. Semi-
quantitative data on exposure to the metals
aluminium, chromium, lead, manganese, and
nickel were also recorded by questionnaire.
Logistic regression was employed to study the
relation between exposure and the prevalence
of symptoms. Welders exposed to aluminium,
lead, or manganese for a long period had
significantly more neuropsychiatric symp-
toms than welders not exposed to these metals.
The results indicate that detailed psycho-
metric studies should be performed on welders
exposed long term to specific metals as such
exposures might affect their nervous system.

Aluminium has attracted considerable interest since
it was associated with encephalopathy in patients
undergoing dialysis.' Patients with severely impaired
kidney function cannot eliminate aluminium in the
urine, and the metal accumulates in the body as a
result of prolonged exposure. Increased concentra-
tions of aluminium in the brain and bone may
damage these organs.2" Welders exposed to alumin-
ium have significantly higher blood concentrations of
aluminium than non-exposed referents, although
lower than dialysis patients without signs of ence-
phalopathy.4 Welders are sometimes exposed to
other neurotoxic metals including lead' and manga-
nese.6
The purpose of the present investigation was to

study the prevalence of symptoms from the nervous
system among welders exposed to aluminium and
also to other potentially confounding neurotoxic
metals.

Subjects
A group ofwelders exposed to aluminium.was chosen

from companies from which we had previous infor-
mation on exposure to aluminium welding fumes.7 A
questionnaire, described under Methods was sent to
73 male welders at different places in Sweden who,
according to information from their companies, had
been exposed to aluminium welding fumes for at least
10 years. Railroad track welders were chosen as a
referent group. This group comprised 235 male
railroad track welders employed by the Swedish state
railways in September 1983. Tables 1 and 2 present
the age distribution and the number of years of
exposure to welding fumes among the 65 aluminium
welders and the 217 railroad track welders who
answered the questionnaire.
One third of the railroad track welders had welded

high alloy manganese and lead painted steel and such
exposures were less common among the welders
exposed to aluminium. Thirteen railroad track
welders had previously welded aluminium. In the
analysis the occurrence of symptoms was studied in
relation to data on exposure. Table 3 gives the metal
exposures of the total group.

Method
A questionnaire was constructed to estimate ex-
posure to welding fume from aluminium, chromium,

Table I Age distribution among aluminium welders and
railroad track welders

Ageof Aluminium Railroad track
welders (y) welders (No (0.)) welders (No (%,))

20-29 1 (2) 22 (10)
30-39 14 (21) 87 (40)
40-49 27 (42) 49 (23)
50-59 14 (21) 46 (21)
60-69 9 (14) 13 (6)

Table 2 Number ofyears of exposure among aluminium and
railroad track welders

Exposure Aluminium Railroad track
(y) welders (No (%)) welders (No (%))

<10 10 (15) 112 (52)
10-19 30 (46) 64 (29)
20-29 23 (35) 30 (14)
30-39 2 (3) 1 1 (5)
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Table 3 Metal exposures among welders. Some welders
were exposed to more than one metal

Exposure time in 100 h
Exposed
welders (No) Median Range

Railroad track (iron) 217 71 3 -440
Aluminium 78 141 2 -600
Lead painted 84 20 05-171
Manganese alloy 68 20 0-5-361
Stainless steel 63 24 0-5-275

lead, manganese, and nickel. The welders reported
number of hours a day and number of years of
exposure. Questions concerning symptoms from the
nervous system were based on questionnaire 16
(Q16),8 which contained questions on disturbances of
memory and concentration, affective changes, and
symptoms from the vegetative nervous system. This
questionnaire was developed as a screening instru-
ment for symptoms among workers exposed to
solvents and has also been used in several epidemio-
logical studies.
The questionnaire was sent to all 308 welders in

November 1985 and 920o answered after reminders.
Three of the non-responders were working abroad.
Twenty three per cent of the welders did not answer

the questionnaire completely. These welders, who
were evenly distributed between the two groups,
were further interviewed by mail or by telephone.
The number of positive answers in Q16 had a skew

distribution (table 4). There is no established limit
for the number of positive answers to discriminate
between health and ill health. The outcome was,
therefore, dichotomised according to the median
number of symptoms in a "healthy" group with less
than three positive answers and an "unhealthy"
group with three or more positive answers.

The relation between exposure, age, and occur-

rence of neuropsychiatric symptoms assessed by the
Q16 was analysed by unconditional logistic regres-
sion.9 "' The variables were included as follows:

Logit P(X) = a + b,x, + b2x2 + . . . b15XI5
where P(X) is the probability of having three or

more symptoms in Q16 and x, -xx, are all included
variables (table 5). The total time of exposure to each
metal was calculated for all subjects. The total
number of exposed hours was calculated in the
following way:

Number of exposed hours per day
..x 1570 x

8 number of exposed years

The number of working hours a day was eight. The
mean number ofworking hours a year was 1570 at the
end of the 1970s and during the 1980s when absence
was excluded. Previously the total number of work-
ing hours a day as well as the working hours a year
were higher.

Table 4 Distribution of number ofpositive answers in
questionnnaire Q16 among all welders

No of positive answers No of welders (%°,)

0 67 (24)
1 46 (16)
2 22 (8)
3 27 (10)
4 22 (8)
5 24 (9)
6 21 (7)
7 12 (4)
8 13 (5)
9 9 (3)
10 6 (2)
11 7 (2)
12 5 (2)
13 - (-)
14 1 (0)

Table 5 Odds ratios corresponding to three or more
symptoms in Q16 among welders of different ages and
exposed to different metals. Odds ratiofor "non-exposed"
welders between 20 and 29 years of age is by definition 1 0

Variable in
Variable equation OR 95o, CI

Age (y):
20-29 1 0
30-39 x, 1-73 0-66-4-58
40-49 x 2 1*05 0-382-94
50 x 1 49 0-54-4-11

Aluminium (h):
200- 7875 X 4 0-98 0-362-66

7875-20500 x5 2-38 0-995-72
20500-60000 x6 2-79 1.087-21

Chromium and nickel (h):
50- 1125 x7 0-78 0-262-36

1125- 3938 x8 1-25 0-493-19
3938-27480 x, 1-17 0-41-3-33

Lead (h):
50- 1125 x,0 1-51 0.593-85

1125- 3000 x,, 095 041-2-20
3000-17080 x12 3-52 126-9-84

Manganese (h):
50- 1000 x,3 073 0262-07

1000- 3250 x,4 2-34 0-88-6-24
3250-36110 x 15 6-25 195-20.0

The cumulated exposure to each of the metals was
categorised on a quantitative scale. Category 0
indicated that exposure was lacking for the metal of
interest. Category 1 contained low exposed, category
2 medium exposed, and category 3 high exposed
welders. Each category of exposure was formed to
contain about the same number of subjects, and table
5 gives the limits of the categories. The categories of
exposure were introduced as factors in the model.
Odds ratios (ORs) were obtained from the regres-

sion equation. The ORs were based on the prevalence
of symptoms in this cross sectional study. The
prevalence OR is a good approximation of the
incidence rate ratio if the duration of symptoms is
the same among the exposed and the non-exposed
workers."
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Results
The number of positive answers did not follow a
normal distribution but was skewed towards a lack of
positive response (table 4).

All variables were included in the analysis (table 5).
Welders with long term exposure to aluminium, lead,
or manganese showed an increased risk of having
three or more symptoms, whereas welders exposed to
chromium and nickel did not. Age had a minor
influence on the number of positive answers.
Each question in the questionnaire was also

analysed in relation to exposure. Two symptoms
were related to exposure to aluminium.They were
based on the questions "Do you often have problems
with concentrating?" (OR = 2 34, 95%/' CI =
1 15-476) and "Do you often feel depressed without
any particular reason?" (OR = 2-75, 95% CI =
1 16-653). Three symptoms were related to ex-
posure to lead painted steel based on answers to the
questions "Have your relatives told you that you
have a short memory?" (OR = 1 87,95%, CI = 103-
3 37). "Do you often have to go back and check things
you have done, such as turned off the stove, locked
the door, etc?" (OR = 2 04, 950% CI = 1 13-3 69).
"Do you have a headache at least once a week?" (OR
= 1 95, 95%o CI = 1 00-381). One question was
related to exposure to high alloy manganese steel-
namely, "Do you often have painful tingling in some
part of your body?" (OR = 2 03,95%° CI = 1 11-
3 71).

Discussion
In this study welders with long term exposure to
aluminium, lead, or manganese reported an increased
number of symptoms from the nervous system.
These results are discussed in relation to previous
knowledge and potential sources of error.

ALUMINIUM
Welders reporting exposure to aluminium fumes for
more than 20 000 hours, corresponding to about 13
years of full time exposure, had a doubled risk of
answering Q16 with three or more positive answers.
These results support the hypothesis that exposure
to aluminium may be an occupational hazard. In an
earlier study we found that aluminium welders
exposed for about 20 years had 100 times higher
urinary concentrations of aluminium compared with
industrially non-exposed workers'2 and long-term
exposed welders have an estimated half time of
urinary aluminium of six months or longer.'3 As
aluminium is a neurotoxic metal, it seems bio-
logically plausible that high and long term
occupational exposure to welding fume containing
aluminium may have neurotoxic effects.

CHROMIUM AND NICKEL
Stainless steel contains chromium and nickel but

neither is known to affect the nervous system'4 '" and
these exposures did not relate to any symptoms in the
questionnaire. This result might be regarded as
support for the validity of the positive findings; a
general tendency to over-report symptoms would not
have been selective to specific metals.

LEAD
Lead is a well known neurotoxic metal.5 Welders
exposed for more than two years full time had a
trebled risk of answering Q16 with three or more
positive answers. Data regarding concentrations of
lead are unfortunately lacking for this group of
welders. Other workers exposed to lead had an
increased number of neuropsychiatric symptoms as
well as decreased performances in psychometric
tests. 16

MANGANESE
Manganese is known to have neurotoxic effects6 and
welders exposed full time for more than two years
had a six times higher risk of answering Q16 with
three or more positive answers. During railroad track
welding two manganese electrodes are used (OK
86 08 and OK 86 28) and the smoke from these
electrodes contains 20-25%° manganese according to
the manufacturer. In a group of welders exposed to
1-4 mg of manganese per m3 for a mean period of 16
years a relation was found between the duration of
exposure and an integrated measure of reaction
time.'7

POTENTIAL SOURCES OF ERROR
The group of welders exposed to aluminium was
chosen from companies investigated earlier in a
national survey of exposure to welding fumes.'8 All
welders exposed to aluminium fumes long term in the
country were not included but it seems unlikely that
any systematic error would have been introduced by
the selection.
The time the arc is lit as a percentage of the total

working day is defined as the arc time. The arc time is
about 500 when overlaying rail, an operation some-
times associated with exposure to manganese. For
mold welding of rails the arc time is about 120% and
for metal arc welding in workshops the arc time is
about 200°1o8 In this investigation more than half of
the railroad track welders stated that they welded for
four hours or more a day. It is obvious that the stated
welding time is not equivalent to the arc time. This
discrepancy probably does not, however, invalidate
the use of such data for a rough categorisation of
exposure.
The questionnaire did not contain questions con-

cerning other potentially toxic agents that might
effect the nervous system, such as alcohol and organic
solvents. It seems, however, unlikely that such
exposures should differ considerably between the
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groups. The welders were probably comparable
concerning education, social background, and
occupational background irrespective of welded
material. Wages and security of employment may
vary but it seems unlikely that such factors could
explain the differences found.

VALIDITY OF THE QUESTIONNAIRE
Questionnaire 16 has not yet been fully validated
against other means of measuring early disorders of
the central nervous system. A higher proportion of
positive answers, however, has been related to
decreased psychometric performance in groups ex-
posed to lead'6 and organic solvents.8 19 Groups
exposed to organic solvents reported an increased
number of symptoms in a dose response fashion.8 1920
The simple addition of symptoms arising from
different nervous functions has been criticised2' but
the extensive experience of this mode of evaluation
indicates that the technique is valid for early detec-
tion of neuropsychiatric effects.

Conclusion
Welders exposed to aluminium, lead, or manganese
for a long period had more neuropsychiatric symp-
toms than welders not exposed to these metals. Such
results might be regarded as a warning that pro-
longed exposure to specific metal welding fumes
could affect the central nervous system. Clinical and
psychometric studies of long term exposed welders
should be carried out to verify or refute these results.
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