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Abstract

Commission VIII (Health, Safety and Environment) of the International Institute of Welding (IIW)
published a critical appraisal of the results of research on the excess risk of lung cancer in welders
in 1992. Commission VIII agreed an updated statement on the possible causes of this excess risk
and made recommendations for preventive actions to assist in reducing the risk in 2003. This was
provided to [IW Member Societies as a Commission Document in 2004 and a published
Consensus Statement in 2005.

In the 2005 Consensus Statement the Commission remarked that the apparent link between lung
cancer and welding as an occupation suggested that the work environment was likely to play a part
in causation. The prime suspects identified from the evidence were fume from welding processes,
tobacco smoke and asbestos dust — acting alone or together. It was thought by some, that social
factors other than occupation, but reflecting income may also play a part.

The topic has been kept under review. The elevated risk of lung cancer among welders has
persisted in the published medical literature. This 2010 report summarises, makes comments on
and draws conclusions from evidence from the published scientific literature on the topic.
Commission VIII ratifies its 2003 Statement, concludes from the review that the prime suspects
remain the same and the cause of the elevated risk has yet to be resolved. Everyone in the
industries concerned is exhorted to take effective action to protect welders and those who work
with them. Special emphasis is placed on the need to control exposure to welding fumes, at least
to national standards, to prevent all exposure to asbestos dust and to encourage and assist
welders to avoid exposing themselves and others to tobacco smoke.



1. Introduction
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Arc welding of steel is at the centre of the industrialised and industrialising world. For some
decades studies of men classified as “welders” have been observed to have had a 30-40% excess

risk of developing lung cancer compared to the
general population™. In this case excess risk
can be defined as the difference between the
proportion of welders with lung cancer and the
proportion of the general population with the
same disease. As an example: if the risk of
lung cancer in the general population was 100
cases per 100,000 population per year, then
one could expect there to be 130 to 140 per
year in 100,000 welders (after controlling for
age and sex with respect of the general
population).

In the most recent meta-analysis published by
a team of investigators in 2006, the excess
risk was calculated at 22-32% with no
difference observed between the types of steel
being welded — on the occasions when these
were reported by researchers in their original
scientific papers.” This evaluation is in full
agreement with a former meta-analysis from
1997"". A similarly elevated risk found in
Denmark was reported in 2007 after a long
follow-up study of a large cohort®. While an

2003 Statement on the excess risk of lung cancer in electric
arc welders

"Arc welders as a broad occupational group are at higher risk of
developing lung cancer than people in the general population. This
excess risk of lung cancer is present in arc welders both of mild and
stainless steel.

After much study and debate over recent years, Commission VI
(Health and Safety) of the International Institute of Welding (IIW),
an amalgam of medical, scientific and welding engineering experts
from many countries, has agreed to reconfirm its earlier statements
that the cause of the excess risk might be found in the welding
fume and environment, asbestos exposure and/or tobacco
smoking. Additionally, it now considers that the balance of
published scientific evidence supports the conclusion that, unless
welding fumes contain an as-yet-unappreciated carcinogen, this
risk is due, in the main, to occupational exposure to asbestos.
Tobacco smoking also makes a significant contribution to the
overall incidence of the disease.

To eliminate this excess risk of lung cancer, welders and their
managers must ensure that:

— there is no further exposure of welders to asbestos,

— exposure to welding fumes is minimised, at least to national
guidelines, and

— welders are encouraged and assisted not to smoke tobacco.

exposure-response  relationship  indicated
carcinogenic effects related to stainless steel | To improve the quality of research and hasten complete
welding it was uncertain whether the mild understanding of this excess risk, research should be coordinated

) . globally. The world-wide welding community should cooperate in
steel process carried such a correlation. this research and contribute to funding it.”
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Even after allowing for the difficulties in Box 1 — Lung cancer statement of Commission VIIl in 2003

making accurate estimates of the risk of

cancer from epidemiological and other studies conducted in different countries and where
estimates of exposure are usually somewhat crude®, this apparently increased risk should not be
ignored. Welding is a common task in many occupations - with only a relatively small proportion of
those using the processes calling themselves welders'®. With several million workers around the
world using arc welding to some extent or other, and many more exposed at work to fumes arising
from the processes as a principal part of their daily tasks, the observed slight excess risk of this
usually fatal disease would amount to a significant number of deaths globally.

Commission VIII (Health and Safety and Environment) of the International Institute of Welding has
sought to recommend actions which will be most effective in eliminating this apparent occupational
risk. Given the number of studies that have been completed, it would be reasonable to expect
there to be well-evidenced, consistent descriptions of the presence and level of risk and the factors
to which this had been attributed, so that the Commission’s advice could be focussed on the
particular hazard or hazards responsible. Regrettably, this is not the case as there have been wide
variations in the information gathered and the conclusions that have been drawn and so
identification of the hazardous agents has yet to be achieved with absolute certainty.

In 1992 the Commission agreed that sufficient was known about possible causes for much to be
done on a general or empirical basis and published a Consensus Statement on the hazards they
thought to be related to this excess risk and precautionary actions that could be taken. This
statement has been published in Welding in the World " and was critically reviewed in 2003" (see
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Box 1) and the summary conclusions of the review were published in Welding in the World in
2005". A detailed analysis of the evidence was made available on the Internet'.

2. Review of the 2003 Statement

To provide a framework for the review, Commission VIl identified six prime suspects for possible
causes of lung cancer in the work and social environment of welders. These were “welding fume”,
asbestos dust, tobacco smoking, ionising radiation (widely used in non-destructive testing of
welded fabrications), a social class-linked health package and, for completeness, “something quite
different”, i.e. a previously unidentified carcinogenic agent.

Information used to draft the 2003 Statement and that garnered from the relatively few additions to
the scientific literature since that time is now presented under these headings to allow conclusions
to be drawn and summarised in a new Statement.

2.1 Welding fume

“Welding fume” is a generic term which encompasses the dynamic and often biologically active
mixture of particulate matter emitted from a welding process used to join metal components,

The International Agency for Research on Cancer (IARC) conducted and published a review in
which it had cast its net widely over occupational exposure to welding fume in general'. Much of
the material it studied had been obtained during the European Cohort Study®. IARC classified
welding fume in Group 2B "Possibly carcinogenic to humans" having concluded that there was
inadequate evidence of welding fume carcinogenicity in animals and only limited evidence of
carcinogenicity in humans. The latter conclusion reflected findings of excess mortality from lung
cancer in shipyard, mild steel and stainless steel welders but the absence of an apparent linkage to
duration of employment or cumulative exposure to total fumes, total chromium, hexavalent
chromium or nickel compounds. This IARC classification raised all forms of arc welding, including
that of mild steel, to the level of concern which had previously only been applied to welding
stainless steel'>®"?,

In vitro and in vivo studies may indicate possible causal exposure-response relationships in man. A
soluble welding fume produced by SMAW/MMA (111 according to ISO 4063) of stainless steel has
been shown to generate reactive oxygen species. Consequent DNA and cellular damage
responses have been shown to be involved in various toxicological and carcinogenic processes in
other situations'’. This remains under review.

Studies of mice exposed to welding fumes have shown that that exposure causes persistent
bronchiolar and peribronchiolar epithelial changes (i.e. a particular change in the cells and tissues
in the bronchi and the lung) which suggest a need for further studies™®.

When Commission VIII examined the published reports of more recent epidemiological studies’®'®-
¥ the excess was still spread across the range of welders and materials. Some reviewers and
researchers attributed it to “stainless steel welders"®?' while others considered it lay with mild steel
welders or, as also concluded in the most recent formal meta-analysis’, that there was no
significant difference between the two classes of welders.

Attention was focussed on studies published since 2003. Retrospectively estimated welding fume
exposure was positively associated with lung cancer in a nested case-control study in a major US
Naval shipyard®. Welders were not identified specifically as being at particular risk in a large
cohort study in the Netherlands reported in 2008%*. Another recently published study focussed on a
census-based population in Finland®'. It was shown that the relative risks for lung cancer increased
as the estimated cumulative exposure to iron and welding fumes increased. The relative risks in
the highest exposure category was 1.35 (95% Confidence Interval (Cl) 1.05-1.73) for iron and 1.15
(95%CI 0.90-1.46) for welding fumes.
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Over the years, iron and, when present, chromium and nickel compounds in welding fume have
attracted special suspicion as causes of the excess risk of lung cancer in welders because of
suspected or proven causal relationships through other occupational exposures. The Commission
believes that when considering the evidence for extrapolating such occupational relationships to
welding fume one must remain alert to the possibility that the particle structure and chemical and
physical complexity of constituent compounds in welding fume may make their physiological and
pathological behaviour differ in important respects such as absorption from that of “pure
compounds” and those from other industrial sources.

2.2 Iron compounds

Iron compounds (in the form of complex oxides) are found in abundance in emissions from all steel
welding processes. Inhaled particles containing this material may be retained in the lungs to
cause siderosis and absorbed to be used in metabolism, stored or excreted. Inhalation of
iron has been proposed as a carcinogen®***. Iron over-load has been described in steel
welders and high exposure doses have been associated with carcinogenesis®"®. The risk
may increase when individuals are exposed simultaneously to iron and chromium
compounds®.

In contrast, to confound these observations, welders with siderosis, whom one might assume are
iron-loaded through heavy prolonged exposure to iron-rich welding fume, appear not to be at
greater risk of developing lung cancer than other welders®. Moreover, a recently published study
of a large cohort of workers in a French carbon steel factory did not detect any relationship
between exposure to iron oxides and overall lung cancer mortality, though a moderately increased
relative risk was observed among those with the highest exposure level®’.

On balance, there is insufficient evidence to suggest that iron compounds (in the form of complex
oxides) in welding fume are a potent carcinogen and an explanation for the excess risk of lung
cancer in welders, but research is continuing on this topic.

2.3 Chromium compounds

Fume from welding stainless steel and other chromium-containing alloys contains hexavalent
chromium (CrVI) and trivalent chromium (Crlll) compounds. Total and hexavalent chromium
concentration varies between processes. For example, total chromium concentrations from
SMAW/MMA (111 according to ISO 4063) and FCAW (136 according to ISO 4063) have been
reported to be approximately 4 to 6% of the welding fumes with 60% or more being soluble
hexavalent chromium?®®*°,

Hexavalent chromium is known to be carcinogenic to the respiratory system by the inhalation route
in workers in a range of industrial processes including chromium plating***!, the production of
chromium compounds including chromates**** and ferrochromium alloys*®. Dose-response
relationships have been established for hexavalent chromium exposure and cancer and the
possibility of a threshold effect has been suggested*’. Metallic and trivalent chromium are not
known to be carcinogenic.

When hexavalent chromium is present in the fume from welding it is absorbed, at least in part, and
excreted in urine***°. While it has been contended that only sparingly soluble hexavalent chromium
compounds are carcinogenic, there is evidence that this may also be the case for highly soluble
compounds*’. A soluble SMAW/MMA (111 according to ISO 4063) stainless steel welding fume
has been shown to generate reactive oxygen species and consequent DNA and cellular damage
responses which have been shown to be involved in various toxicological and carcinogenic
processes in other situations®®. This remains under review.
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2.4 Nickel compounds

There is wide variation in the concentration of nickel and/or its compounds in different steels (eg
some stainless steels) and nickel based alloy electrode types. Its compounds usually form a small
component of the fume emitted when such steels are welded. Biological monitoring of workers
welding with some nickel-containing filler metal have shown that nickel compounds are absorbed.*”

IARC has classified nickel compounds as carcinogenic to humans (Group 1) and metallic nickel as
possibly carcinogenic to humans (Group 2B)'" A long-persisting excess risk for lung cancer has
been established for nickel refinery process workers®®*®® but no excess risk has been observed in
nickel platers®"®? (who are exposed to soluble compounds) nor in workers employed manufacturing
nickel alloys®. An authoritative review concluded that both soluble and insoluble nickel compounds
probably contributed to these excess risks of exposure to nickel compounds®, but uncertainty
remains. The combined effect of nickel and tobacco smoking appears to demonstrate a mild to
moderate multiplicative risk pattern®®%°.

2.5 Asbestos dust

Occupational exposure to respirable asbestos dust has been found to be associated with a
significantly large increased risk of lung cancer in addition to the almost asbestos-specific
malignancy of mesothelioma (a malignant tumour of the inside of the chest wall), even after
correction for smoking habit and diet®®. The two conditions together accounted for the largest
number of deaths and cancer registrations in Great Britain in 2004%”. The risk of lung cancer
increases with the cumulative dose of inhaled asbestos, begins soon after the start of exposure
and reaches its maximum effect 10-20 years later. In contrast, mesothelioma has a long latent
period — sometimes exceeding 30 years from first exposure.

Many welders have been exposed to asbestos dust during their working life in their current or pre-
retirement workplace or brought a heritage of exposure with them to that workplace on relocation,
perhaps from shipyards, boiler shops, locomotive and rail carriage or other such manufacturing
and repair facilities in industrialised parts of the world. This exposure is borne out by the presence
of asbestos-related pleural and parenchymal changes in many welders with a history of such
work® and the scattering of mesotheliomas in welders which have been found in several
epidemiological studies??24%%7°.

Occupational exposure to asbestos has been arraigned frequently as a suspected cause of the
excess of lung cancer in welders. This risk varies, at least in part, with the type of asbestos, extent
and duration of exposure and with smoking habit.

Although the use of asbestos has been regulated and restricted progressively in many countries
since its lethal effect on health was recognised it should not be thought that this is the situation
world-wide. As witnessed by the global tonnage of asbestos which is mined and processed each
year, it is still widely used in some countries’®.

Whereas some older studies in shipyard welders that may have been heavily exposed to asbestos
show significantly increased lung cancer risks, more recent studies did not find shipyard welders at
higher lung cancer risk than other welders®??; this may reflect the decrease of asbestos exposure
over the time.

2.6 Tobacco smoking

There is no doubt that tobacco smoking increases the risk of lung cancer in those who smoke. In
1980 Beaumont and Weiss speculated that cigarette smoking may be a contributory factor to the
excess of lung cancer in welders, as they had found that welders tended to smoke more cigarettes
than did other occupational groups®. Several other investigators have since made the same
observation over the years.

If there was consistent, good quality evidence that more welders smoked or welders smoked more
heavily than control groups then tobacco smoking alone could offer an explanation of the excess

5
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risk for lung cancer. Many studies do indicate that this is the case but others do not. It is concluded
from some individual studies, such as a case-control study in Argentina which identified an excess
of lung cancer in welders’®, and the authoritative meta-analysis covering the period 1954-2004
published in 2006, that smoking does not appear to be a marked confounder in the relationship
between lung cancer and welding.” Other studies still find an excess risk for welders after
controlling for smoking”*™.

Commission VIl has agreed that while tobacco smoking is a cause of lung cancer in welders, as it
is generally, there is insufficient consistency within the evidence to indicate that it is the only cause
of the excess risk.

2.7 Combined effect of tobacco smoking and exposure to asbestos dust

The effect of tobacco smoking and exposure to asbestos dust together is greater than that of the
exposures acting separately but the mathematics of that relationship remains undefined.” It must
be remembered that there is wide individual variation depending on exposures but it may be
concluded that the literature indicates that®®">"""®:
— occupational exposure to asbestos alone increases the risk of lung cancer in non-smokers
by a factor of about five;
— tobacco smoking without asbestos exposure increases the risk of lung cancer compared to
non-smokers by 10 to 20 times;
— tobacco smoking and occupational asbestos exposure can together result in a 50-90 fold
excess risk.

2.8 lonising radiation

lonising radiation, a proven carcinogen, is emitted by thoriated tungsten electrodes. Exposure can
be associated with thorium in the welding fumes and grinding dust during preparation of the
electrodes. Exposure due to fumes emitted during TIG welding with a thoriated electrode will vary
with welding conditions. Commission VIII has agreed that the exposure during DC welding is
generally negligible or low; exceptionally, considerable inhalational exposure has been reported to
have occurred during AC welding when LEV (Local Extractive Ventilation) is not used®.

Grinding the electrodes is responsible for almost all electrode consumption and usually produces a
notably higher concentration of particles and level of potential ionising radiation exposure than
welding; consequently some exposure may arise from the grinding dust in the case that the
electrodes are prepared without any specific protective device.

lonising radiation is also quite widely used in non-destructive testing of welds. However it is
uncommon for welders to perform radiographic inspection of welds or be exposed to ionising
radiation from non destructive testing.

A nested case-control study®® evaluated the relationship between lung cancer risk and external
ionising radiation exposure while adjusting for retrospectively estimated potential confounders
including smoking habit, and exposure to welding fumes and asbestos. Lung cancer risk was
positively associated with exposure to asbestos and welding fume?, as already mentioned, and to
occupational dose of ionising radiation but the association with ionising radiation reduced after the
inclusion of work-related medical x-ray doses in the analysis®.

Whilst welders might be exposed to ionising radiation during the course of their work, Commission
VIII believes that the potential attributable risk from ionising radiation is probably very low indeed.

2.9 Ultrafine particles (UFP)

Welding fumes contain a high proportion of UFP (particles with one dimension less 100 nm).
Exposures vary from type of welding, from the state of aggregation and agglomeration of particles
and the distance of the welder's face from the weld pool. As a population, welders are more
exposed to UFP than other occupational groups. In recent years there is increasing evidence that

6
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UFP, including those from welding fumes, may contribute to inflammatory processes. These may
increase the risk of lung cancer. At present it is too early to draw any conclusions®. Commission
VIl is keeping this under review.

210 Class-linked ill-health package

There is a difference in lung cancer risk between social classes, as determined by income, in
addition to the effects of smoking®'. This may be due to deprivation impacting on lung health
throughout life.

Commission VIl believes that there is no evidence for a significant influence of social class on the
incidence of lung cancer among welders.

211 Something completely different?

There may be, of course, an as-yet-unappreciated carcinogen in emissions from welding
processes or some other aspect of the welders’ environment. Commission VIII is keeping this
under review.

3. Conclusions

It may be concluded that overall, the findings of studies published since 2003 reinforce the
conclusions that Commission VIII drew and promulgated in its earlier statements — whilst not
providing any significant clarification of causation. In consequence, the 2005 Consensus Statement
remains valid. The problem of increased incidence of lung cancer being persistently associated
with employment as a welder remains.

From the evidence presented in the scientific literature and summarised here, Commission VIl has
drawn the following overall conclusions
— Electric arc steel welders have an overall excess risk of 20-40% for lung cancer.
— The excess appears to be associated with mild steel welding as well as stainless steel
welding.
— Work environment is likely to play a part in causation of that excess.
— Welding fume from some welding processes contains compounds of elements which have
proven to be carcinogens in other work processes.
— The evidence for welding fume or its constituents being carcinogenic is not strong.
— Many welders have been exposed to asbestos dust which may be a contributor to the
excess risk of lung cancer in welders.
— Tobacco smoking also increases the risk of lung cancer.
— Exposure to both asbestos dust and tobacco smoke carries a much higher risk than
exposure to only one of these factors.

Industry-wide action campaigns should be mounted to:

— Minimise the quantity and toxicity of exposure to emissions from welding processes, at
least to national standards or guidelines.

— Audit the efficacy of these and other control measures by monitoring the exposure of
workers and their health during and after leaving employment.

— Prevent exposure to asbestos dust.

— Encourage and assist welders not to smoke tobacco.

— Sponsor, coordinate and otherwise support further research designed to avoid the pitfalls
identified from previous work.

Research design and conduct must be improved. Given the number of studies which have been
completed, it would be reasonable to expect there to be more consistent well-drawn evidence-
based conclusions about lung cancer in welders upon which preventive action could be based.
Whilst appreciating that there have been some improvements in recent years, the Commission

7
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believes there to be important lessons for future researchers to learn. The flaws in the design or
conduct of past studies which must be avoided in future if research is to provide the soundly-based
information the industry requires include:

— Size. Some studies had a relatively small number of subjects and lung cancer deaths and
could not hope to reach a representative conclusion.

— Precision. In some studies the term “welder” is used loosely, by including burners, a mixture
of mild and stainless steel welders and workers using different welding processes with the
result that the study and/or referent groups were not homogenous in their potential
exposure. More precisely selected subjects and controls might allow formal pooling of
exposure data and health effects from studies in different centres.

— Ultrafine particles. Further research should be focused on the health effects of ultrafine
particles in welding fumes.

— Unknown occupational exposures. It is rare for the nature and/or dose of the fume and any
other significant exposure to have been analysed and reported and so conclusions on
causal relationships are based on expectation rather than fact.

— Smoking habit is commonly not reported.

— There is evidence of a “healthy worker effect” for welders with a possibly significant number
having changed employment before their disease is apparent so that it may be registered
against a different occupation.
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Summary

The excess risk of lung cancer associated with arc welding of steels

Arc welders as a broad occupational group are at higher risk of developing lung cancer than
people in the general population. This excess risk of lung cancer is present in arc welders both of
mild and stainless steel. The excess risk is small.

After much study and debate over recent years, Commission VIII (Health, Safety and Environment)
of the International Institute of Welding (IIW), an amalgam of medical, scientific and welding
engineering experts from many countries, has agreed to reconfirm its earlier statements that the
cause of the excess risk might be found in the welding fume and environment, asbestos exposure
and/or tobacco smoking.

It should be recognised that the incidence of lung cancer among welders represents exposure to
welding fumes and related factors over a period which may be some considerable time in the past.

To eliminate this excess risk of lung cancer, welders and their managers must
ensure that:

— exposure to welding fumes is minimised, at least to national guidelines,
— there is no further exposure of welders to asbestos, and
— welders are encouraged and assisted not to smoke tobacco.

To improve the quality of research and hasten complete understanding of this excess risk,
research should be coordinated globally. Multidisciplinary research should be aimed at
investigating the effects of exposures referring to welding conditions prevalent in today’s work
environment. The world-wide steel and welding community should cooperate in this research.
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