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Fever and respiratory symptoms afte r welding on painted steel. Scand J Work En viron H ealth 1991 ;
17:441-3. Electri c-arc welding generate s particles and gases that can induce chronic bronchitis and
airway obstru ction. In this case report two welders are described who had fever, spirometric deterio ration , and bronchial hyperr eactivity after welding steel painted with chloro-containing polymer lacquer.
Pyrol ysis of this paint releases man y different compounds, for example, hydrogen chloride and complex
chlorinated compounds.
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Electric-arc welding generates particles and gases that
can induce irritation of the airways and chronic bronchitis (1). Obstruction of the airways has been reported
after the welding of stainless steel (2), epoxy-painted
steel (3), and steel contaminated with unknown acid
(4). Metal fume fever is not uncommon when zinccoated materials are welded (5), and a flulike illness
has also been reported among welders exposed to ignited isocyanate-containing polyurethane foam (6).
In this case report we describe two welders who developed fever, spirometric deterioration, and bronchial
hyperreactivity after welding steel painted with chlorocontaining polymer lacquer.

Case 1
The first welder , born in 1937, had worked as a
mechanic in Finn ish sawmills between 1955 and 1969.
He moved to Sweden in 1969, and since 1970 he has
assembled truck platforms. This work involved welding approximately 4 hid . He has always been a healthy
nonsmoker and had never experienced any allergic
symptoms. The paint on the assembled steel was
changed to a two-component paint , Beckrysol Grundfarg BF 160®, in the beginning of 1987.
In February 1987, after a day of intense metal inertgas welding of steel painted with the new paint, he experienced irritation of his eyes and throat and became
dyspneic. He had a fever of 40°C on the same evening.
He reexperienced these symptoms on five later occasions related to the welding of the painted steel. He
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was on sick leave in March after the last episode of
fever, and when reentering the workshop he experienced dyspnea when the same painted steel was
welded.
Repeated spirometric measurements showed decreased volumes and flows that were slowly normalizing (table 1). His chest radiograph was normal two
months after the first exposure. Provocation with
histamine showed moderate hyperreacti vity with a decrease in forced expiratory volume in 1 s (FEV 1•o) of
21 % at 4.0 mg/ml (reference value 20 % decrease
at 32 mg/ml). His immunoglobulin E (IgE) was
100units/ml (reference value < 120units/ml). His lung
compliance and diffusion capacity was normal five
months after the first event of exposure.
The spirometric deterioration has slowly normalized,
but he still has symptoms from the airways and a
reduced work capacity three years after the exposure.

Case 2
The second man, born in 1942, worked as a welder,
plumber, and smith in his father 's company between
1962 and 1980. Between 1980 and 1984 he worked as
a mechani c without exposure to welding fumes. Since
1985 he has inspected manufactured truck platforms
and dumper s. Each day he welded 25-40 min in order
to impro ve inspected flaws. He stopped smoking in
1984 and had never had allergic symptoms.
At the end of October 1988 he welded a 30-cm long
splice. The work was done after the workshift to avoid
exposing all the work force to the acrid smell that
emerged from the new paint, Realux Grund'", Before
welding he ground 4-5 em around the splice, washed
with xylene, and left the surface to dry for 30 min. After the drying he welded for approximately 2 min, and,
while working, he smelled an acrid smell. In the night,
5-6 h later, he woke up with fever and dyspnea. He
felt better after 15 min but remained weak for several
hours . He continued his work although he felt tired
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Table 1. Change in the spirometr ic values of case 1 over a period of one year. The numbers with in parentheses give the percent·
age of the expected value.
Before

1 month after 1.5 months

4 months

5 months

9 months

1 year
(97 %)

Vital capacity

4.9

4.2

4.4

4.1

4.3

4.5

4.9

Forced exp iratory
volume in 1 s

3.9

3.5

3.7

2.8

3.4

3.6

4.1 (102 %)

Table 2. Change in the spirometric values of case 2 over a period of five months. The numbers with in parentheses give the
percentage of the expected value .

Vital capac ity
Forced expi ratory volume in 1 s

Before

2 weeks afte r

1 month

1.5 month

5.7
3.9

4.3
3.4

4.3
3.3

4.8
3.6

and weak for several weeks. After this episode he experienced four similar events, although his symptoms
were milder and shorter in duration.
Repeated spirometric measurements showed decreased volumes and flows that were slowly normalizing (table 2). The residual volume was high (158 010
of the reference value) five months after the first exposure , but lung mechanics did not show any signs of
emphysema. His chest radiograph was normal two
weeks after his first exposure. Provocation with histamine showed hyperreactivity with a decrease in
FEVl.o of 31 % at 1.0 mg/ml (reference value 20 %
decrease at 32 mg/ml) six months after his first exposure. His IgE was 5 units /m!.
Exposure
These two welders were exposed to compounds generated from the pyrolytically decomposed paints Beckrysol BF 160® and Realux Grund '". These two paints
are epoxydized vegetable oils hardened by hexachloroendomethylenetetrahydrophthalic acid anhydride, also
called HETacid anhydride. This type of paint has existed for about 10 years, and similar paints with other
names are manufactured by other companies. These
paints are used as rather thick coatings, 50-70 urn,
in comparison with an ordinary finishing coat, which
is about 20 11m thick. The dried paint contains about
2 % zinc, compared with about 15 % zinc in a zinc
chromate primer.
Beckrysol and Realux are chloro-containing polymer lacquers which are cured by a complex molecule
containing chlorine. Heat decomposes these paints,
and a wide range of compounds are formed , some of
them chlorinated. To our knowledge there is no information on which pyrolytical products are formed, but
hexachlorocyclopentadiene may be generated from
HETacid (7). Other studies have shown that the pyrolysis products from chlorinated compounds are complex and vary with temperature. Welding creates a
broad temperature curve around the splice. Therefore
paint can decompose even if that around the splice has
been removed .
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5 months
5.7 (117 %)
3.8 (97 % )

Sampling with Drager 's glass ampuls from the
emerging fume during the welding of steel painted with
Beckrysol and Realux showed hydrogen chloride at
levels above 100 ppm but no phosgene. Hydrogen chloride was not detected when only steel was welded. The
air concentration of zinc was not measured.
Both welders worked with the metal inert-gas welding technique. Fumes containing the decomposed paint
reached the breathing zone, as it was difficult to use
local exhaust ventilation. The workers had been exposed to several chlorinated compounds other than
hydrogen chloride. The intensity of the exposure can
vary considerably, depending on posture and work
load. It is difficult to estimate the individual exposure of these men in qualitative and quantitative terms
without a comprehensive reconstruction of the welding situation.
Discussion
These two welders had fever and long lasting, although
reversible, spirometric deterioration after welding steel
painted with chloro-containing polymer lacquers. The
bronchial hyperreactivity and the spirometric results
indicate an obstructive disease, but restrictive changes
cannot be excluded. The overall picture indicates a
toxic alveolitis or reactive airways dysfunction syndrome . Reactive airways dysfunction syndrome is
characterized by asthma and bronchial hyperreactivity, which develops after one or repeated exposures to
high levels of low-molecular irritants of the airways (8).
Hydrogen chloride is very irritant, and air concentrations between 50 and 100 ppm are extremely irritating to the airways (9).
Zinc fumes may provoke zinc fume fever. It is, however, unlikely that exposure to zinc caused the fever,
as the exposure to zinc was probably low.
Hexachlorocyclopentadiene is a compound which is
possibly generated by pyrolytical decomposition. This
chemical may cause airway irritation but probably not
fever (10).
Exposure to trimellitic anh ydride has induced a
respiratory syndrome (11) that has some similarities

to the symptoms of these two welders. Thus another

anhydride, HETacid anhydride, possibly liberated during the welding of these paints, may playa role as a
causative agent.
These observed adverse effects from the welding of
steel painted with chloro-containing polymer lacquer
have not been reported previously to our knowledge.
Exposure to high levels of pyrolytically decomposed
compounds can be seen when painted steel is welded.
It is, however, impossible to pinpoint the compound
or combination of compounds responsible for the
described symptoms.
This report is a warning against the welding of steel
painted with these paints, as the procedure causes a
long-lasting disease. The Swedish National Board of
Occupational Safety and Health recommends grinding
to remove paints before welding (12). It is however
uncertain whether or not even a lO-cm zone around
the splice is broad enough to protect the welder totally from the fumes and gases generated from the decomposition of this type of paint.
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