1. EXPOSURE DATA

1.1 Description of major welding
processes and materials

Welding is a broad term for the process
of joining metals through coalescence (AWS
2010). Welding techniques tend to be broadly
classified as arc welding or gas welding. Arc
welding uses electricity to generate an arc,
whereas gas or oxyfuel welding (ISO 4063:2009
process numbers 3, 31, 311, 312, and 313) uses fuel
gases such as acetylene or hydrogen to generate
heat. Welding results in concurrent exposures
including welding fumes, gases, and ionizing
and non-ionizing radiation, and coexposures
from other sources such as asbestos and solvents
(Table 1.1).

Welding fumes are produced when metals
are heated above their melting point, vapourize
and condense into fumes. The fumes consist of
predominantly fine solid particles with an aero-
dynamic diameter of less than 1 um, and are a
complex mixture of particles from the wire or
electrode, base metal, or any coatings on the base
metal. They consist mainly of metal oxides, sili-
cates, and fluorides. Exposure to various gases
also occurs during welding, such as nitrogen
oxides (NO,), carbon monoxide (CO), or ozone
(O,). Welding fumes and welding gases are
distinct in that fumes contain solid particles
that are temporarily suspended in the air due to
a solid material being heated (such as metals),
whereas gases are molecules in a gaseous state in
the ambient air that have been generated by or

are used as part of the welding process (e.g. the
shielding gas) (ISO, 2009).

While there are many welding processes
routinely employed in occupational settings, the
most common arc welding processes are manual
metal arc (MMA, ISO No. 111), gas metal arc
(GMA,ISO No. 13), flux-cored arc (FCA, ISO Nos
114 and 136), gas tungsten arc (GTA, ISO No. 14),
and submerged arc (SA, ISO No. 12) (Table 1.2
and Table 1.3). Electric resistance welding (ER,
ISONos21 and 22) isalso commonly used for spot
or seam welding, and uses electric currents and
force to generate heat. In occupational settings,
these processes are most commonly used to weld
mild steel (MS, low carbon) or stainless steel (SS).
Flame cutting (ISO No. 81), the process of using
oxygen (O) and a fuel to cut a metal, is a closely
related process that is often grouped occupation-
ally with welding (ISO, 2009). Other processes
closely related to welding, and often performed
by welders, include gouging, brazing, carbon arc
or plasma arc cutting, and soldering (broadly
described by ISO Nos 8 and 9) (Burgess, 1995).
An overview of all welding and allied processes
is given in ISO standard 4063 (ISO, 2009).

1.1.1 History of welding processes

With epidemiological studies of welders
spanning the 20th and 21st centuries, a brief
mention of how welding has changed during
this period and when welding processes became
used commercially is warranted. A carbon arc
torch was patented in 1881, and gas welding and
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Table 1.1 Occupational exposures of welders that have been evaluated by the JARC Monographs

Agent Evidence for Overall Most Occurrence Welding types Organ sites (sufficient
carcinogenicity evaluation recent or limited evidence in
) volume humans)
Humans Animals (year)
Arsenic and inorganic ~ Sufficient  Sufficient 1 100C Impurity in some mild SS  All Lung, skin, urinary
arsenic compounds (2012) welding fumes bladder, prostate, kidney,
liver
Asbestos Sufficient  Sufficient 1 100C Insulation material andin  Shipyard welding Mesothelioma, larynx,
(2012) heat-protective equipment lung, ovary, pharynx,
of welders and the weld stomach, colon, rectum
Beryllium and Sufficient  Sufficient 1 100C Hardening agent in copper, GMA, GTA Lung
beryllium compounds (2012) magnesium, aluminium
alloys and electrical
contacts
Cadmium and Sufficient  Sufficient 1 100C Platings on base metals, SS  All Lung, kidney, prostate
cadmium compounds (2012) containing cadmium
Chromium VI Sufficient  Sufficient 1 100C Alloy in SS, also in welding ~ All SS Lung, nasal sinuses, nose
compounds (2012) rods
Electric fields, Inadequate No 3 80 (2002) Electrical currents from All (more with
extremely low relevant welding processes processes using higher
frequency data currents, such as
resistance welding)
Formaldehyde Sufficient  Sufficient 1 100F (2012) Metal coatings, degreasing  All Nasopharynx, nasal
solvents sinuses, leukaemia,
Inorganic lead Limited Sufficient 2A 87 (2006) In solder, brass, and bronze GMA, GTA Stomach
compounds alloys; welding on lead-
containing or -coated
materials
Magnetic fields, Limited Inadequate 2B 80 (2002) Electrical currents from All (more with Childhood leukaemia
extremely low welding processes processes using higher
frequency currents, such as
resistance welding)
Nickel compounds Sufficient  Sufficient 1 100C Alloy in SS, also in welding ~ All SS Lung, paranasal sinuses,
(2012) rods nasal cavity
Silica dust or Sufficient Sufficient 1 100C Some welding fluxes GMA, FCA, GTA Lung
crystalline, in the form (2012) contain silica
of quartz or cristobalite
Titanium dioxide Inadequate Sufficient 2B 93 (2010) Found in SMA (MMA) SMA (MMA)

electrodes
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Table 1.1 (continued)

Agent Evidence for Overall Most Occurrence Welding types Organ sites (sufficient

carcinogenicity evaluation recent or limited evidence in
) volume humans)

Humans Animals (year)

Ultraviolet radiation Sufficient ~ Sufficient 1 100D Arcs from welding guns All Ocular melanoma

(2012)

Iron oxides (evaluation Sufficient = Inadequate 1 100F (2012) Main component of steel All Lung

specific to iron and

steel founding)

Vanadium pentoxide Inadequate Sufficient 2B 86 (2006) Alloy in SS AILSS

Outdoor air pollution ~ Sufficient  Sufficient 1 109 (2016)  PM, ;5 generated from all All Lung

(PM,5) welding processes

Welding fume Limited Inadequate 2B 49 (1990) Generated from welding All Lung

processes

FCA, flux cored arc; GMA, gas metal arc; GTA, gas tungsten arc; MMA, manual metal arc; PM, particulate matter; SMA, shielded metal arc; SS, stainless steel

Buipam



or

Table 1.2 Welding processes, materials, and uses

Welding type Primary exposures encountered Common industrial uses Most common base References
metals welded
Oxyfuel NO, Repair/maintenance MSq, AS Weman (2003), Moniz &
Miller (2010)
MMA Metals, silicates, fluoride, asbestos®, Steel fabrication, construction MSs, SS, AS Burgess (1995), Weman (2003)
UV radiation, ELE-EMF
GMA Metals, O,, NO,, CO, chlorinated Various metal fabrication MSs, SS, AS, Al Burgess (1995), Weman &
HC, UV radiation, ELF-EMF Lindén (2006
FCA Metals, CO,, UV radiation, ELF-EMF Equipment repair, shipbuilding MSs, SS, AS Spiegel-Ciobanu (2010)
GTA 0,, NO, NO,, metals, chlorinated HC, Aerospace, bicycle manufacturing, MS, S8, AS, Al Burgess (1995), Weman (2003)
UV radiation, ELF-EMF various metal fabrication
SA Fluorides, UV radiation, ELE-EMF Steel fabrication, shipbuilding MSs, SS, AS Burgess (1995), Weman (2003)
ER Metals, UV radiation, ELF-EMF Aerospace, automobile, shipbuilding MS, SS, AS, Al Weman (2003), Moniz &
Miller (2010
Brazing/soldering =~ Metals, UV radiation Metal arts, plumbing, electric All metals/steels Moniz & Miller (2010)
components
Cutting/gouging Metals, O,, NO,, UV radiation Fabrication, construction, shipbuilding  All metals/steels Weman (2003), Moniz &

Miller (2010

@ Most common type welded
b Used historically as an insulating material in ships, to insulate covered rod electrodes, in cylinders holding acetylene gas, and in heat-protective equipment of welders and the weld

Metals include but are not limited to: Fe, Mn, Al, Ni, Cr, K, Ba, Ca, F, Ti, Co, Zn, Mo, Pb, Mg, and As. These will vary by composition of base metal

Al, aluminium alloys; AS, alloyed steel; CO, carbon monoxide; CO,, carbon dioxide; ELF-EMF, extremely low-frequency electromagnetic fields; ER, electric resistance; FCA, flux cored
arc; GMA, gas metal arc; GTA, gas tungsten arc; HC, hydrocarbon; MM A, manual metal arc; MS, mild steel; NO, nitric oxide; NO,, nitrogen dioxide; O,, ozone; SA, submerged arc; SS,
stainless steel; UV, ultraviolet

Compiled by the Working Group
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Table 1.3 Type of welding and material welded by both welders and non-welders reporting
welding activities, as included in the ECRHS Il study

Type of welding Proportion associated with various processes/metal welded

or metal Welders (n = 27 job periods held during Non-welders (n = 388 job periods held during 1962-2001,
1969-2001, 23 subjects) (%) 340 subjects) (%)

Type of welding

MMA 70.4 66.2

GMA 81.5 48.7

GTA 40.7 20.0

SA 11.1 5.2

FCA 25.9 16.0

Other (includes 10.1 19.6

oxyfuel)

Type of metal

Stainless steel 55.6 33.5

Mild steel 85.2 63.9

Galvanized steel 74.1 60.0

Aluminium 48.1 17.5

Painted metal 40.7 47.2

Other 3.7 21.6

FCA, flux-cored arc; GMA, gas metal arc; GTA, gas tungsten arc; MM A, manual metal arc; SA, submerged arc
Compiled by the Working Group from the ECRHS study (described in Lillienberg et al., 2008)

cutting were developed soon after with resistance
welding as the common joining process. MMA
welding technology was introduced in the late
1800s and achieved commercial status in the
early 1900s. Various types of electrodes were
developed and used during the 1920s and 1930s,
but covered electrodes dominated after the 1930s
as better welds could be achieved. Research into
the use of shielding gas began in the 1920s, which
led to the development of GTA welding. GTA
welding began to be used commercially in the
early 1940s, with GMA welding processes being
developed and used commercially in the late
1940s. The use of consumable electrodes with
carbon dioxide as a shielding gas was introduced
in the late 1950s, which led to the development
of FCA welding. Dual-shield FCA welding was
introduced in the late 1950s, and a few years later
inner-shield FCA welding was introduced (Cary,
1998; Weman, 2003). New or modified methods
of welding continue to be developed to meet

the needs of industry. Notably, laser welding
and cutting are becoming popular and preva-
lent, although this type of welding is frequently
carried out by robots (Klein et al., 1998).

1.1.2 Description of welding processes
See Table 1.2

(a) Gas welding

(i)  Oxyfuel gas welding (ISO Nos 3, 31, 311, 312,
and 313)

Oxyfuel gas welding includes oxyacetylene
welding, oxypropane welding, and oxyhydrogen
welding. The process uses heat from the combus-
tion of oxygen mixed with a fuel gas, such as
acetylene, methylacetylene-propadiene (MAPP),
propane, hydrogen, or propylene. Oxyacetylene
is the most commonly used oxyfuel welding
process, and can also be used for cutting metals
(flame cutting, ISO No. 81). Oxyfuel gas welding
can be performed with or without a filler metal
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and is very portable and flexible; it is therefore
encountered in all metalworking industries. It
is most commonly used for maintenance and
repair work on light sheet metal, for tack welding
pieces that are to be arc welded, or in locations
where no electricity is available (Weman, 2003;
Moniz & Miller, 2010).

(b) Arcwelding

(i)  Manual metal arc welding (ISO No. 111)

MMA welding is also referred to as shielded
metal arc welding, stick welding, electrode
welding, or flux shielded arc welding. The
process draws an electric arc between a consum-
able electrode (welding rod) covered with a flux,
and the base metal, melting the metals together
and leaving a joint of molten metal. As the weld
is laid the flux disintegrates from the electrode,
the vapours of which serve as a shielding gas.
When the weld has cooled, a slag cover is left
behind which is a mixture of the flux and impu-
rities; this is typically removed using a chipper or
grinder. The MMA welder will go through many
electrodes while laying a weld, with an electrode
replacement required every few minutes. MMA
welding is most commonly used to weld steels
of varying thicknesses (mild, alloyed, and stain-
less steels), making it popular in construction
and fabrication of steel structures. Typically, the
welding rod or electrode is of a similar metal alloy
to the base metal, with a variety of different flux
coatings including rutile (25-35% TiO,), calcium
fluoride, cellulose, and iron powder (Burgess,
1995; Weman, 2003).

(i) Gas metal arc welding (ISO No. 13)

GMA welding is also called metal inert
gas welding, metal active gas welding, and
gas-shielded metal arc welding. It is the most
common industrial welding process due to its
versatility, speed, relatively low cost, and adapt-
ability to robotic welding. GM A welding formsan
electric arc between a consumable wire electrode
fed through the welding gun, and the base metal,
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creating enough heat to melt and join the metals
together. A shielding gas is also fed through the
welding gun, protecting the weld from contam-
inant and eliminating slag. While the addition
of the shielding gas makes GMA welding a diffi-
cult welding process to perform outdoors or
in areas with heavy ventilation, no additional
grinding or chipping of slag is required to reveal
the completed weld. The shielding gas is typi-
cally helium, argon, carbon dioxide, nitrogen, or
a blend of these gases, and is chosen according
to the base metal being welded and the specifics
of the process. GMA welding can be used to
weld aluminium, copper, magnesium, nickel
alloys, titanium, and steel alloys, making it a
very versatile welding process that is popular for
metal fabrication in a variety of (mostly indoor)
settings (Burgess, 1995; Weman & Lindén, 2006).

(iii)  Flux-cored arc welding (ISO Nos 132, 136,
and 114)

FCA welding, also known as self-shielded
tubular cored arc welding, uses the same equip-
ment as for GMA welding. It is rapidly becoming
a popular and prevalent welding process world-
wide due to the fact it can be used in all welding
positions, is a quick process, requires less pre-
and post-cleaning of the base metal and weld,
and requires less skill to achieve good-quality
welds. FCA welding uses a continuously fed
automatic or semi-automatic consumable elec-
trode containing a flux and a voltage to lay a
weld. Dual-shield FCA welding uses an exter-
nally supplied shielding gas to protect the weld,
in addition to a powder flux in the centre of the
electrode. The common external shielding gases
are carbon dioxide and argon, or a mixture of
the two. Inner-shield or self-shielding FCA
welding (ISO No. 114) does not require a sepa-
rate shielding gas, as the flux core in the consum-
able electrode can generate a shielding gas. This
makes dual-shield FCA welding ideal for outdoor
or windy conditions. FCA welding is generally
used to weld thicker materials with a single pass,
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such as in equipment repair or the shipbuilding
industry, and can be performed on carbon steels,
cast iron, nickel-based alloys, and some types of
SS (Burgess, 1995; Moniz & Miller, 2010).

(iv)  Gas tungsten arc welding (ISO No. 14)

GTA welding, also known as tungsten
inert gas welding, uses a tungsten electrode to
produce the weld. Due to the high melting point
of tungsten, the electrode does not melt during
the welding process. Further, a shielding gas (Ar
or He) is used to protect the weld and a consum-
able filler metal is added to make the joint. GTA
welding is commonly used for welding on thin
pieces of SS, aluminium, magnesium, and copper
alloys, but it can be used on nearly all metals
except zinc. The process can utilize a variety of
filler metals since the weld metal is not trans-
ferred across the electric arc; this allows the filler
and base metal to be matched, leading to reduced
corrosion and cracking. GTA welding is there-
fore considered a high-quality weld, requiring
a higher level of skill to master. It is commonly
employed in the aerospace and bicycle industries,
in machinery production for the food industry,
in maintenance and repair work, and for spot
welding (Burgess, 1995; Weman, 2003).

(v)  Submerged arc welding (ISO No. 12)

SA welding uses a bare wire electrode as the
filler metal, and a granular flux to protect the
weld which is fed onto the base metal before the
arc path. Typically, SA welding is a fully auto-
mated process; the operator does not handle
the weld, but is only involved in setting up and
monitoring. The flux typically contains oxides
of manganese, silicon, titanium, aluminium, or
calcium fluoride. SA welding can be used for
welding straight, thick sections on carbon steels,
low alloy steels and, less commonly, on SS and
nickel-based alloys. It is commonly used in ship-
yards or for other large steel fabrication projects.
SA welding allows for quick and deep welds, and

can be performed in both indoor and outdoor
environments (Burgess, 1995; Weman, 2003).

(c)  Other processes

(i)  Electric resistance welding (ISO Nos 21
and 22)

ER welding, also called resistance spot
welding, spot welding, resistance seam welding,
and seam welding, is a group of seam or spot
welding processes that produce a weld at a faying
surface. The heat for the weld is generated from
the electrical resistance of the material; small
pools of molten metal are created by passing an
electrical current through the metal workpiece.
ER welding methods are typically used with thin
materials, and it is a popular welding process in
aerospace or automobile manufacturing. As for
SA welding, ER welding is generally a fully auto-
mated process with the operator only respon-
sible for setting up and monitoring the welding
(Weman, 2003; Moniz & Miller, 2010).

(i) Other hot work processes
(brazing/soldering, cutting, gouging)
(ISO Nos 8 and 9)

Welders routinely perform other hot work
processes, such as brazing, soldering, cutting,
and gauging. Brazing and soldering are similar,
although brazing is conducted at a higher
temperature and can therefore use stronger filler
metals. Unlike welding, where the two metals
being joined typically need to be similar and
are melted to join them together, soldering and
brazing involve using a filler metal with a melting
temperature below the metals being joined; they
can therefore be used to join dissimilar metals.
Welded joints are stronger than brazed joints,
which are in turn stronger than soldered joints.
Brazing and soldering are both common in metal
arts, jewellery making, plumbing, or for electric
components. While soldering historically used
lead as a filler metal, this is now less common
in more developed countries and gold, silver,
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copper, brass, tin alloys, and iron are generally
used (Weman, 2003; Moniz & Miller, 2010).

There are many types of cutting that welders
may routinely perform. Plasma arc cutting
removes molten metal with a jet of ionized gas
(plasma). The superheated plasma can conduct an
electric arc, which melts the base metal. Plasma
arc cutting is typically used to cut aluminium,
SS, brass, and copper and uses a tungsten elec-
trode similar to that for GTA welding. While
plasma arc cutting can be carried out manually,
computer-assisted cutters are commonly used
which can make complex shapes and cuts. Air
carbon arc cutting heats and cuts metal using a
carbon arc, while the molten metal is removed
with a blast of air. This method can be used to cut
SS, aluminium, copper, magnesium, and carbon
steels. It can also be used to gouge metals, which
is the removal of metal from a surface to prepare
it for welding (Weman, 2003; Moniz & Miller,
2010). Table 1.2 lists the exposures common to
the welding and hot work processes described
here, and their typical uses in industry.

1.1.3 Welding materials

See Table 1.2

The majority of welding in occupational
settings is performed on MS and SS. All steel is
an alloy of iron and other elements, primarily
carbon, with MS containing small amounts
of manganese (typically < 1.6%) in addition
to carbon (typically < 0.3%) and iron (Jones &
Ashby, 2005). SS contains at least 12% chro-
mium, making it more resistant to corrosion
than MS (Verhoeven, 2007). Depending on the
grade of SS, it may contain up to 25% chromium,
7% nickel, and 4% molybdenum, with the levels
of these metals varying to achieve particular
characteristics (Bringas, 2004; Outokumpu,
2013). MS that is galvanized (coated with zinc) or
painted (typically with primers) is also welded.

Alloy steels contain specific amounts of
alloying elements other than carbon, such as
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additional manganese, chrome, nickel, molyb-
denum, silicon, titanium, copper, vanadium,
or aluminium. The specific elements and their
proportions determine the weldability, resistance
to corrosion, strength, ductility, or magnetic
properties of the steel (Verhoeven, 2007).

Welding is also performed on cast iron (alloys
of iron, carbon, silicon) and nonferrous metals
(such as alloys of nickel, copper, aluminium,
magnesium, and titanium), which may contain
other metals over a range of concentrations to
achieve particular characteristics (Moniz &
Miller, 2010; Table 1.1).

1.1.4 People exposed to welding fumes or
welding worldwide

See Table 1.4

It is challenging to quantify the number of
welders worldwide. Such estimates typically
come from a population census or survey;
however, variability in sampling and coding
methods, inclusion and exclusion criteria, year of
data collection, and language of results combine
to make it difficult to meaningfully compare
and combine data from various countries for a
worldwide estimate. Acknowledging these limi-
tations, the Working Group used the Integrated
Public Use Microdata Series, International
(IPUMS-International) data system to gather
census microdata from 60 countries that had
an occupational census between 1973 and 2015
(Minnesota Population Center, 2015). These data,
representing the percentage of the economically
active population which the job designations
represent in 60 countries over a 40-year period,
are listed in Table 1.4. Assuming that historical
estimates are reflective of current estimates,
it can be estimated that over 6 million people
worldwide may have the occupational title of
welder either full-time or part-time (Minnesota
Population Center, 2015).

In the countries included in Table 1.4, the
Working Group calculated that the average
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Table 1.4 Estimates of number of welders worldwide based on publicly available population data2

Country Census Occupational designation Number Welding proportion of
year population® (%)

China 1990 Welders 1798 300 0.27

USA 2010 Welding, soldering, and brazing workers 727 122 0.40

India 2004 Welders and flame cutters 499 219 0.14

Viet Nam 2009 Metal moulders, welders, sheet metal workers, structural metal preparers, 339 106 0.71
and related workers

Brazil 2010 Welders and flame cutters 292 365 0.34

Spain 2001 Welders, laminators, metal structure assemblers, blacksmiths, toolmakers, 262 620 1.61
and similar

UK 2001 Metal forming, welding and related trades 227 044 0.55

Mexico 2010 Welders and flame cutters 191 819 0.45

Nigeria 2010 Welders and flame cutters 190 637 0.27

Philippines 2000 Metal moulders, welders, and sheet metal workers 185 060 0.32

Iran (Islamic Republic of) 2006 Welders and flame cutters 150 439 0.87

Indonesia 2005 Welders and flame cutters 142 572 0.16

South Africa 2007 Metal moulders, welders, sheet metal workers, structural metal preparers, 121 635 0.99
and related trades workers

Germany (West) 1987 Welder 110 040 0.39

Canada 2006 Welder 103 000 0.61

Egypt 2006 Metal moulders, welders, sheet metal workers, structural metal preparers, 99 070 0.49
and related trades workers

Thailand 2000 Metal moulders, welders, sheet metal workers, structural metal preparers, 97 626 0.20
and related trades workers

Australiac 2011 Structural steel and welding trades workers 86 400 0.77

Morocco 2004 Moulders, welders, and sheet metal workers 85 320 0.91

Romania 2002 Welders and flame cutters 80 460 0.95

Portugal 2011 Sheet and structural metal workers, moulders and welders, and related 76 580 1.55
workers

Netherlands? 1996 Welders 75000 1.21

Venezuela 2001 Mould-press workers, welders, laminators, boilermakers, assemblers of 70 170 0.31

(Bolivarian Republic of) metal structures, and similar

Malaysia 2000 Metal moulders, welders, sheet metal workers, structural metal preparers, 43 400 0.53
and related trades workers

Cuba 2002 Moulders, welders, panel beaters, and assemblers 39710 0.92

Ecuador 2010 Sheet and structural metal workers, moulders, welders, and related workers 37 640 0.64
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Table 1.4 (continued)

Country Census Occupational designation Number Welding proportion of
year population® (%)

Peru 2007 Plumbers and pipe fitters, welders and flame cutters, sheet metal workers, 37 350 0.36
and structural metal preparers and erectors

France 2011 Skilled metal welders 36 164 0.14

Senegal 2002 Metal moulders, welders, sheet metal workers, structural metal preparers, 25550 0.80
and related trades workers

Bolivia (Plurinational State of) 2001 Moulders, welders, laminators, boilermakers, assemblers of metal 22090 0.27
structures, and similar

Panama 2010 Moulders, welders, boilermakers, fitters of metallic structures, and related 21 550 1.53
workers

Cameroon 2005 Sheet and structural metal workers, moulders, welders, and related workers 19 940 0.40

El Salvador 2007 Metal moulders, welders, sheet metal workers, structural metal preparers, 17 930 0.91
and related trades workers

Guinea 1996 Metal moulders, welders, sheet metal workers, structural metal preparers, 17 070 0.50
and related trades workers

Kenya 1989 Welder 15 680 0.21

Mozambique 2007 Metal moulders, welders, sheet metal workers, structural metal preparers, 14 490 0.18
and related trades workers

Malawi 2008 Plumbers, welders, sheet metal and structural metal preparers and erectors 14 240 0.34

Costa Rica 2000 Moulders, welders, locksmiths, boilermakers, metal structure builders, and 13 810 1.06
similar

Mali 2009 Welder 12 860 0.23

Zambia 2010 Metal moulders, welders, sheet metal workers, structural metal preparers, 12 620 0.32
and related trades workers

Pakistan 1973 Welders and flame cutters 12 353 0.07

Nicaragua 2005 Metal moulders, welders, sheet metal workers, structural metal preparers, 12040 0.69
and related trades workers

Greece 2001 Welders and flame cutters 11 330 0.27

Jamaica 2001 Metal moulders, welders, sheet metal workers, structural metal preparers, 11263 1.17
and related trades workers

Ireland 2006 Welders and steel erectors 10 090 0.41

Ethiopia 1994 Welders, metal moulders, and related trades workers 9297 0.04

Haiti 2003 Metal moulders, welders, sheet metal workers, structural metal preparers, 7990 0.38
and related trades workers

Uruguay 2006 Metal moulders, welders, sheet metal workers, structural metal preparers, 7 553 0.58
and related trades workers

Uganda 2002 Welders, sheet metal workers, and metal moulders 7 380 0.10
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Table 1.4 (continued)

Country Census Occupational designation Number Welding proportion of
year population® (%)

Kyrgyzstan 1999 Welders and flame cutters 7220 0.42

Cambodia 2008 Sheet and structural metal workers, moulders, welders, and related workers 6 650 0.10

Puerto Rico 2010 Welding, soldering, and brazing workers 5220 0.33

Armenia 2011 Sheet and structural metal workers, moulders, welders, and related workers 4930 0.45

Iraq 1997 Welders and flame cutters 4320 0.11

Fiji 2007 Metal workers 3240 1.34

Switzerland 2000 Welders and flame cutters 2 670 0.07

Rwanda 2002 Workers for metal smelting, foundry, welding, metal sheet work, boiler 2 390 0.07
making, metal frames for houses and buildings, and assimilated

Mongolia 2000 Metal moulders, welders, sheet metal workers, structural metal preparers, 1810 0.23
and related trades workers

Paraguay 1982 Oxyfuel cutters, welders, soldering by hand or machine, electric welders, 1460 0.15
and blowtorch welding

Jordan 2004 Metal moulders, welders, sheet metal workers, structural metal preparers, 1050 0.10

and related trades workers

» Unless otherwise specified, data compiled from Minnesota Population Center (2015)
b Percent of the economically active population for each country that the number of persons employed in the occupational designation represents
¢ Data from Australia compiled from Australian Bureau of Statistics (2012)
4 Data from the Netherlands compiled from Simmelink (1996

Compiled by the Working Group
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percentage of job designations including welder
represented in the economically active popula-
tion was 0.31%. Applying these percentages to
the International Labour Organization’s 2010
estimate of the worldwide economically active
population (3.5 billion), the Working Group
estimated there may be 11 million welders
worldwide (ILO, 2010). However, it must be
acknowledged that the variability in how the job
of welding was coded between censuses could
lead to uncertainty in any estimates generated
from these data. Some occupational designations
(e.g. Spain) include jobs where not every worker
welds, which would overestimate the number of
welders for a country. At the same time, however,
a census would not capture workers performing
welding without the official job title of welder; for
example, construction or agricultural workers
might weld intermittently but would not be clas-
sified as welders (see additional discussion in
Section 1.1.5).

Separate from this analysis, the German
Welding Society estimated that over 1.1 million
people have full-time positions in the field of
welding in 19 European countries. This figure
only includes welders, welding supervisors,
welding inspectors, welding researchers, welding
trainers, and robot operators (Von Hofe, 2009).

1.1.5 Non-welder occupations performing
welding

In addition to workers with the job title of
welder, other occupations routinely or inter-
mittently weld. Table 1.5 lists occupational
categories where workers weld, as reported in
the European Community Respiratory Health
Follow-up Survey (ECRHS) (ECRHS II, 2017)
and the Canadian general population job-expo-
sure matrix (CANJEM) (CANJEM, 2017).

The ECRHS 1II (Janson et al., 2001) prospec-
tively assessed the relationship between welding
at work and respiratory symptoms. Subjects
participating in ECRHS I held 10 016 job periods
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(e.g. time periods defined in the study where a
subject was employed in a particular job) during
1962-2001, 415 of which involved some welding
activities. Table 1.5 lists the percentage of job
periods for which workers reported performing
welding, stratified by broad occupational cate-
gory. For the 415 job periods associated with
welding activities, Table 1.3 lists the processes
which were used and the metals which were
welded separately for the welder and non-welder
occupations. The ECRHS II survey found that
only 7% of workers performing welding actu-
ally had the job title of welder or flame cutter,
showing that many more workers weld and are
potentially exposed to welding fumes than those
with the job title of welder (Lillienberg et al.,
2008). The ECRHS II also found that almost 30%
of the individuals who responded positively to
the question “Have you carried out welding, at
work or at home?” only welded at home. Of the
professional welders, 3% also indicated welding
at home (ECRHS 11, 2017).

CANJEM (2017) covers 258 agents developed
from expert assessments and informed by struc-
tured occupational interviews (Lavoueetal.,2014;
Zeng et al., 2017). The matrix comprises infor-
mation for 31 780 jobs held during 1921-2005 by
6222 Canadian men and 2563 Canadian women.
Table 1.5 lists the proportion of job periods
during which workers were exposed to any type
of welding fumes (gas, arc, soldering) by occupa-
tional category (same definition as in Lillienberg
et al., 2008), as calculated by CANJEM. From
this analysis of CANJEM, only 12% of job
periods during which workers were exposed to
welding fumes corresponded to the occupation
of welder (as per ISCO 1988). In addition, among
the exposed jobs the median duration of expo-
sure was 40 hours per week for welders, with 70%
exposed full-time. For non-welders, the median
duration of exposure was 5 hours per week, with
24% exposed full-time [calculation performed by
the Working Group].
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Table 1.5 Number and proportion of job periods during which workers were exposed to welding

fumes for each occupational category, by study

Occupational categories ECRHS II CANJEM

Number Proportion (%) Number Proportion (%)
Miscellaneous (artist, firefighters) 5 80 950 9
Sheet metal and metalworkers 30 70 305 69
Welders and flame cutters 42 64 310 98
Blacksmiths and toolmakers 26 62 314 27
Motor vehicle, agricultural, and industrial mechanics 124 50 965
and fitters 44
Building workers (frame and finisher) 216 37 1316 28
Electrical and electronic equipment mechanics and 50 36 329 52
fitters
Agricultural workers 34 35 604 1
Plant and machine operators 142 32 3172 9
Painters and building structure cleaners 18 33 227 5
Production and general managers 58 29 2194 3
Engineers and engineering science technicians 127 23 3184 5
Drivers and truck operators 93 22 2183 2
Service labourer workers 117 8 1394 2
Armed forces 17 6 - -
Teaching professionals 191 5 521 3
Secretaries 135 4 2229 2
Others (not working, unknown, student) 232 3 - -
Occupations with no welding activities reported 8359 0 - -

» Proportion of job periods associated with welding activities in the ECRHS study (assessed using self-reports of welding)

b Proportion of job periods in the CANJEM population that were deemed exposed to either gas, arc, or soldering welding fumes (assessed using

expert judgment of job exposures)

Compiled by the Working Group from data from the ECRHS study (described in Lillienberg et al., 2008), and the CANJEM job exposure matrix

(CANJEM, 2017; Lavoue et al., 2014)

For some occupational titles there are differ-
ences between CANJEM and ECRHS II data,
some of which can be explained by classifica-
tion; ECRHS II tends to have a higher propor-
tion of workers exposed to welding fumes than
CANJEM for most occupational categories.
CANJEM relied on an expert assessment of job
exposures, while workers self-reported welding
activities in ECRHS II. [The Working Group
noted that ECRHS II was likely able to identify
more job titles that include infrequent welding,
which might not have been picked up by expert
assessment. Additionally, CANJEM and ECRHS
IT used different occupational coding systems
when originally assigning job titles (Lillienberg

et al., 2008; Lavoue et al., 2014; CANJEM, 2017).
The Working Group therefore estimated that
the number of people exposed to welding fumes
might be 10 times higher than the number of
people with the occupational title of welder.
This would indicate that the number of people
exposed to welding fumes worldwide could
approach 110 million workers (3% of the world-
wide economically active population).]
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Table 1.6 Methods for the analysis of welding-related exposures

Sample matrix  Agent Assay procedure Limit of detection ~ Standard/method/reference

Air Total dust Gravimetric 0.03 mg/sample ISO 10882-1:2011, NIOSH 0500
Respirable dust  Gravimetric 0.03 mg/sample NIOSH 0600
Metals in dust ICP-AES 1 pg/sample NIOSH 7300
CO Electrochemical sensor 1 ppm EN ISO 10882-2:2000, NIOSH 6604
NO, UV-VIS 1 pg/sample EN ISO 10882-2:2000, NIOSH 6014
NO UV-VIS 1 pg/sample EN ISO 10882-2:2000, NIOSH 6014
(OX IC/UV-VIS 3 ug/filter ENISO 10882-2:2000, OSHA ID-214

Urine Metals ICP-AES 0.1 ug/sample NIOSH 8310

Whole blood Metals ICP-AES 1 pg/100 g blood NIOSH 8005

NA uv Direct measurement Tenkate (2008); Vecchia et al. (2007)

NA EMF Direct measurement IEC 61786-1:2013

CO, carbon monoxide; EMF, electromagnetic fields; IC, ion chromatography; ICP-AES, inductively coupled plasma atomic emission
spectrometry; IEC, International Electrochemical Commission; ISO, International Organization for Standardization; NA, not applicable;
NIOSH, National Institute for Occupational Safety and Health; NO, nitric oxide; NO,, nitrogren dioxide; O,, ozone; OSHA, Occupational Safety
and Health Administration; UV, ultraviolet; UV-VIS, ultraviolet visible spectrophotometry

Compiled by the Working Group

1.2 Measurement and analysis

This section reviews the methodologies of
sampling and analysis for exposures related to
welding in ambient air, as well as biomonitoring
of exposure.

1.2.1 Detection and quantification of
welding-related exposures

Exposure to welding fumes predominantly
occurs via inhalation. Welding fumes in the
air are generally measured by sampling of the
respirable fraction (Table 1.6), which is highly
correlated with sampling of the inhalable frac-
tion (Lehnert et al., 2012). Metals in welding
fumes, such as iron, chromium, copper, nickel,
manganese, aluminium, titanium, molybdenum
and zinc, are often analysed individually. In
addition to welding fumes, gases (such as O,,
CO, and NO,) arising from welding activities
are monitored. A range of analytical methods is
available, as listed in Table 1.6.

Internal exposure to specific elements in
welding fumes can be determined in urine
and blood samples (Table 1.6). Biomonitoring

50

has been primarily focused on chromium and
nickel, but other metals, including aluminium,
cadmium and manganese, have also been
frequently monitored.

Assessment of exposure to ultraviolet (UV)
radiation is generally performed using radi-
ometric, spectroradiometric or personal dosim-
etry techniques (Vecchia et al., 2007; Tenkate,
2008).

The International Electrochemical Com-
mission (IEC) standard for measuring extremely
low frequency electromagnetic fields (ELF-EMF)
is described in IEC 61 786-1:2013 (IEC, 2013).

1.2.2 Measurement strategies

(a) Welding fumes and gases

High variability in exposure, both between
and within workers, is inherent in welding
due to the different base metals, different
types of welding, and varying circumstances.
Determinants of exposure should therefore be
recorded along with personal air monitoring,
including details related to the welding tech-
niques used, base metal, duration of welding tasks
and related activities (preparation, clean-up,
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breaks, etc.), the position of the welder, presence
of local exhaust ventilation or general ventila-
tion, or whether a helmet with clean air supply
was used. In addition to the welding procedure
and material used, the welders’ level of experi-
ence may also influence the particles generated
from welding fumes (Chang et al., 2013). It has
been suggested that the quality of the welding
performance influences exposure to welding
fumes, implying increased exposure for appren-
tice welders or welders with minimal training
(Graczyk et al., 2016). Repeated measurements
among the same workers may provide informa-
tion about the variability between and within
(temporal) workers.

Personal exposure measurements are typi-
cally performed in the breathing zone to best
represent the exposure of the individual worker.
With welding processes it is critical to take
into account the position of the monitoring
device relative to the face shield, as it may phys-
ically deflect the welding fumes away from the
breathing zone (ISO 10 882-2:2000). The concen-
tration of particles inside the plume is 10-100
times higher than outside the plume (Lidén &
Surakka, 2009). Personal sampling should there-
fore be performed behind the welder’s face shield
and as close to the mouth as possible (within
10 cm) (ISO 10 882-1:2011).

Welders should wear equipment that enables
the sampler to stay in position throughout
the sampling period (ISO 10 882-1:2011),
for example, the headset-mounted mini-
sampler described by Lidén & Surakka (2009)
or the in-visor sampler from the Health and
Safety Laboratory (2009). The position of such
a sampler is not affected by the position of the
face shield or helmet. This means that if the face
shield or helmet is raised or completely removed
during the sampling period, the sampler will
stay in place.

For gases, samplers should also be positioned
in the breathing zone at a maximum distance
of 5 cm from the mouth. Badges for personal

sampling of exposure to gases might be unsuit-
able for sampling behind a welder’s face shield,
due to limited air movement (ISO 10 882-2:2000).

(b)  Biomonitoring of metals

Similar data regarding the nature of the
welding activities should be collected for
biomonitoring of metal exposure, both on the
day of sample collection and before (depending
on accumulation of the biomarker in the body).
While assessment of exposure to welding fumes
is primarily focused on the occupational setting,
Scheepers et al. (2008) reported that one quarter
of the welders in their study were also engaged
in welding activities during off-work hours
(Scheepers et al., 2008). Although these activities
may be more difficult to identify and potentially
less monitored, biomonitoring results may also
measure these exposures.

(c) Radiation

Arc welding processes can lead to UV radi-
ation exposure of the eyes and skin. Since arc
welding procedures emit radiation with fluctu-
ation and instability, and due to interference by
electromagnetic radiation, it can be complicated
to obtain accurate radiometric and spectroradi-
ometric results (Tenkate, 2008). The geometrical
aspects of exposure to UV radiation must be
considered, including the diameter of aperture
of the detector if the irradiance profile is heter-
ogeneous, and the field of view of the detector
(Vecchia et al., 2007). The “arc time” (i.e. the time
for which the arcis actually struck) will affect the
overall exposure during a working day (Tenkate
2008), as well as eye and skin protection used.
As well as the actual workers performing the
welding tasks, their coworkers (bystanders) may
also be exposed to UV radiation (Vecchia et al.
2007).

Exposure to UV radiation is usually expressed
in terms of irradiance (power per unit area,
W/m2) or radiant exposure (J/m?), the amount
of energy received per unit area accumulated
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over a time interval. As different wavelengths
are associated with different biological impact,
an “efficient” exposure rate is calculated as a
weighted average across the whole UV spec-
trum (Vecchia et al., 2007; ACGIH, 2013).
Both the American Conference of Govern-
mental Industrial Hygienists (ACGIH) and the
International Commission on Non-Ionizing
Radiation Protection (ICNIRP) propose an
occupational exposure limit of 3 mJ/cm? (effec-
tive radiant energy). In practice, effective irra-
diance is measured in the field and the time
required to reach the permissible radiant energy
is calculated (ICNIRP, 2004; ACGIH, 2013).

Electric welding techniques may result in
exposure to ELF-EMF. The overall exposure will
be affected by the source of exposure (e.g. vicinity
and position in relation to welding devices, and
distance to power cables) and the total welding
time (Hansson Mild et al., 2009).

1.3 Occurrence and exposure

1.3.1 Exposure to welding fumes and gases

Welding fumes are produced when metals
are heated above their melting point, vapourize,
and condense into fumes with predominantly
fine solid particles of diameter less than 1 pm.
These fumes are a complex mix of particles from
the wire or electrode, the base metal, and any
coatings on the base metal (paint, metalworking
fluid, platings, etc.) (Hewett, 1995a; Warner,
2014). Most commonly, they are composed of
metal oxides (mainly iron oxides, depending
on the base metal), silicates (from coated elec-
trodes and fluxes), and fluorides (when fluoride-
containing electrode coatings/fluxes are used).
A variable proportion of the metal elements
can also be found in the form of magnetite-like
spinels, thatis, multimetal oxides where the metal
ions share oxygen atoms instead of the various
metal-specific oxides. Fumes from SS welding
contain chromium and nickel, whereas these two
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exposures are much lower in MS welding fumes.
Welding gases are generated from the shielding
gases used, the decomposition of fluxes, and
interactions between UV radiation and/or high
temperatures with gases found in the air (e.g. N
in the air combining with heat to produce NO,,
or O interacting with the welding arc to produce
O,). Common gases encountered during welding
include: shielding gases such as carbon dioxide,
argon, or helium; fuel gases such as acetylene,
butane, or propane; and gases produced from
the welding processes such as carbon monoxide,
ozone, nitrogen oxides, and hydrogen fluoride
(Burgess, 1995; Antonini, 2003). The distinction
between welding fumes and welding gases is that
fumes contain solid particles that are tempo-
rarily suspended in the air due to a solid material
being heated (such as metals), whereas gases are
molecules in a gaseous state in the ambient air
that have either been generated by or are used in
the welding process.

Table 1.1 and Table 1.7 outline some of the
common exposures encountered by welders in
the complex mixtures of welding fumesand gases,
and the type of welding in which the exposures
are most likely to be encountered. Many of these
exposures have previously been evaluated by the
IARC Monographs (Table 1.1); common expo-
sures that have not been evaluated by the JARC
Monographs are listed separately (Table 1.7).

Table 1.8 summarizes the concentrations of
welding fumes generated from various welding
processes. Fumes from welding on SS ranged
from less than 1 mg/m? to more than 25 mg/m°.
The lowest average concentrations are generated
from GTA welding (two studies: means, 0.16 and
0.98 mg/m?), whereas MMA welding produces
the highest average concentrations (range of
means, 3.0-5.4 mg/m?).

As for SS welding, MS welding is associated
with concentrations of fumes ranging from
less than 1 mg/m? to more than 50 mg/m3; the
highest average concentration is found in MMA
(range of means, 0.63-11.9 mg/m?) or FCA




Table 1.7 Additional occupational exposures of welders that have not been evaluated by JARC

Monographs
Agent Occurrence Welding types
Aluminium Aluminium component of some alloys, welding on aluminium GMA, GTA
Copper Alloys such as brass, bronze, small amounts in SS and MS, some All

welding rods
Fluorides Electrode coating and flux material for low- and high-alloy steels ~ All
Manganese Found in varying amounts in most steels All
Molybdenum Found in varying amounts in most steels All
Zinc Galvanized and painted metal All

Carbon monoxide
Hydrogen fluoride
Nitrogen oxides

Formed in welding arc
Decomposition of rod coatings
Formed by welding arc

GMA (when shielded with CO,)

SMA (MMA), SA
All arc welding

Ozone Formed by welding arc

Oxygen deficiency

Welding in confined spaces, air displacement form shielding gas

Plasma arc cutting, GMA, GTA
Shipbuilding, other confined space
welding

CO,, carbon dioxide; GMA, gas metal arc; GTA, gas tungsten arc; MM A, manual metal arc; MS, mild steel; SA, submerged arc; SMA, shielded

metal arc; SS, stainless steel
Compiled by the Working Group

welding (one study: mean, 8.97 mg/m?; range,
1.17-55.4 mg/m?), and the lowest average concen-
tration is reported in a study of GMA fabrication
welders (mean, 0.51 mg/m?). A study of welding
apprentices reported very low exposures to
welding fumes from gas (oxyfuel) welding, with
an arithmetic mean of 0.0052 mg/m?® (Baker
et al., 2016). In this cohort of apprentice welders,
oxyfuel exposures were comparable to exposures
from GTA-MS and GTA-SS welding (arithmetic
mean, 0.0055 mg/m?), but nearly 7 times lower
than MMA-MS welding (arithmetic mean,
0.035 mg/m?) and 5.5 times lower than GMA-MS
welding (arithmetic mean, 0.029 mg/m?) (Baker
et al., 2016). [The Working Group noted that
exposures at this apprentice welding school are
lower than those measured in general industry.
However, as this was the only exposure assess-
ment that could be found representing just
oxyfuel welding, the Working Group included
this value.]

As for all particles, the toxicological profile of
welding fumes is not only dependent on the mate-
rial and concentration, but also on the particle

size distribution and surface characteristics; these
differ by welding process and base metal. In a
laboratory-based study of fumes generated from
GMA and MMA welding of SS and MS, Hewett
(1995a) found that GMA produced welding
fumes with greater bulk density and specific
surface area, and consisted of a greater quantity
of smaller particle sizes, compared with MMA
(although the majority of welding fumes for both
processes and base metals contained particles of
diameter less than 1 um). These differences were
mostly attributable to process (MMA vs GMA)
as opposed to base metal (MS vs SS). In a further
analysis of these laboratory-generated fumes,
Hewett (1995b) found that GMA welding fumes
had a 60% greater total lung deposition than
MMA welding fumes, regardless of base metal,
with the majority of fumes from both welding
processes depositing in the alveoli. Given the
differences in specific surface area between GMA
and MMA, and the greater deposition of GMA,
Hewett estimated that, for an equal exposure,
GMA welding delivers three times the particle
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Table 1.8 Occupational exposure to welding fumes

Reference Location, = Occupation Sampling Exposure Exposure Comments/additional data
collection description matrix, level® range
date approach, N, (mg/m?) (mg/m?)
duration
Knudsen et al. Denmark, GMA-SS welder Total particulate, 1.01 NR MCE filters placed inside the welders’ face shields
1992 1987 personal,
10, full shift
GTA-SS welder Total particulate, 0.98 NR
personal, 40, full
shift
Matczak & Poland, MMA-SS welder, ~ Respirable, 9.0 2.8-23.4 Respirable samples taken behind the face shield of welders
Chmielnicka 1987-1990 Plant A personal, 5,7 h at four different industrial plants. Two-stage personal air
(1993) MMA-SS welder,  Respirable, 3.2 NR sample with respirable fraction collected on membrane filter
Plant B personal, 13, and glass fibre filter. Total respirable particulate adjusted to
7h 8 h TWA
MMA-SS welder, ~ Respirable, 3.5 1.0-9.1
Plant C personal, 31,
7h
Welding Respirable, 0.8 0.2-1.9
assistants, personal, NR,
Plant C 7h
MMA-SS welder,  Respirable, 1.3 NR
Plant D personal, 22,
7h
Karlsen et al. Norway, MMA-SS welder,  Total particulate, 5.4 0.3-29 12 welders were monitored for 4-5 consecutive workdays;
1994 NR shipyard (inside ~ personal, 48, full MCE filters attached outside the welders’ face shields
ship section) shift
MMA-SS welder,  Total particulate, 3.0 1.0-5.8 Personal samples on unspecified number of welders taken
shipyard (inside personal, 30, over 2 weeks; MCE filters attached outside the welders’ face
the module) full shift shield
MMA-SS welder,  Total particulate, 2.0 0.5-6.6
shipyard (welding personal, 42,
shops) full shift
MMA-SS welder,  Total particulate, 11 3.1-51
shipyard personal, 34,

(grinding)

full shift
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Table 1.8 (continued)

Reference Location, Occupation Sampling Exposure Exposure Comments/additional data
collection description matrix, level® range
date approach, N, (mg/m?) (mg/m?)
duration
Karlsen et al. MMA-SS Total particulate, 2.0 0.4-3.0 Area samples placed near aerosol generation but not directly
1994 welder, shipyard environmental, in plume; filter cassettes placed 1.5 m above floor, at least 5 m
(cont.) (grinding) NR, full shift from nearest welding or grinding site, cassette inlets faced
MMA-SS welder,  Total particulate, 0.7 0.2-2.2 downwards
shipyard (welding environmental,
shops) NR, full shift
MMA-SS welder,  Total particulate, 0.4 0.2-0.5
shipyard (inside ~ environmental,
the module) NR, full shift
Wallace et al. USA, NR GMA-SS, Total particulate, 1.61 0.49-2.67 Closed-face, 37 mm PVC filters hanging outside face shield;
2001 fabrication personal, 11, NR filters were changed periodically throughout the day to
GTA-SS welder, Total particulate, 0.16 0.06-0.27 prevent overloading, and summed at the end of the day to
fabrication personal, 10, NR approximate a full shift sample
FCA welder, Total particulate, 8.97 1.17-55.46
boilerplate personal, 20, NR
fabrication
Dryson & Rogers New GMA-MS welder  Total particulate, 2.56 0.86-4.51 Samples collected inside the face shield
1991 Zealand, personal, 6,
NR 2-4h
MMA-MS welder  Total particulate, 2.59 0.35-5.16
personal, 4,
2-4h
arvisalo et al. Finland, MMA-MS welder, Total particulate, 11.8 3.4-19.2 Samples collected inside the face shield from 5 welders, with
(1992) NR shipyard personal, 24, NR repeat measures for 5 days (1 welder only measured 4 days)
Akbar- England,  Various/MS Total particulate, 4.39 NR Samples collected inside the face shield
Khanzadeh NR welder, personal, 209,
1993 shipyard 6.5 h (average)
Administrative Total particulate, 0.67 NR Non-welder controls from the shipyard (office workers,
controls, shipyard environmental, joiners, fitters, drivers, staging makers, electricians) had area
109, 7.1 h sampling in their work environment
(average)
Woskie et al. USA, June Various/MS Inhalable, 9.325 Max, 21.07 IOM inhalable sampler outside the face shield
2002) 1994 - welder, personal, 22,6 h
April 1999  construction
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Table 1.8 (continued)

Reference Location, Occupation Sampling Exposure Exposure Comments/additional data
collection  description matrix, level range
date approach, N, (mg/m?) (mg/m?)
duration
Balkhyour & Saudi MMA-MS welder, Total particulate, 6.3 2.0-15.5 Took 10 area samples from each of 6 factories within 0.5 m of
Goknil (2010) Arabia, Factory 1 environmental, welders’ breathing zone; 1-4 samples were collected per shift,
NR 10,2 h each over a period of ~2 h, and were adjusted to 8 h average
MMA-MS welder, Total particulate, 5.3 3.0-10.5 concentrations
Factory 2 environmental,
10,2 h
MMA-MS welder, Total particulate, 11.3 3.0-24.0
Factory 3 environmental,
10,2 h
MMA-MS welder, Total particulate, 6.8 4.5-12.0
Factory 4 environmental,
10,2h
MMA-MS welder, Total particulate, 4.7 1.0-13.0
Factory 5 environmental,
10,2 h
MMA-MS welder, Total particulate, 3.0 1.5-4.5
Factory 6 environmental,
10,2h
Schoonoveretal. USA,NR  MMA-MS welder, Total particulate, GM, 0.630 0.150-2.100 37 mm open-faced cassette attached outside face shield
2011) fabrication personal, 7,
full shift
GMA-MS welder, Total particulate, GM, 0.510 0.140-1.700  Personal exposure samples collected using 37 mm open-faced
fabrication personal, 6, full cassette; sampled over 5 consecutive Mondays, each worker
shift sampled once; samplers attached outside face mask
Non-welder Total particulate, GM, 0.060 0.0038-0.370
controls, personal, 22, full
fabrication shift
Hedmer et al. Sweden, GMA-MS welder, Respirable, 1.5 0.2-6.5 11 companies in south-west Sweden included in the study;
2014) NR Company 1 personal, 43, Company 1 was visited 3 times for exposure measurements
6.2h (0.5-9.1 h) and a total of 16 workers participated; respirable dust sampler
placed outside the face shield
GMA-MS welder, Respirable, 2.3 0.2-7.7 Company 2 was visited 3 times for exposure measurements

Company 2

personal, 30,
6.2 h (0.5-9.1 h)

and a total of 12 workers participated; respirable dust sampler
placed outside the face shield
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Table 1.8 (continued)

Reference Location, Occupation Sampling Exposure Exposure Comments/additional data
collection description matrix, level® range
date approach, N, (mg/m?) (mg/m?)
duration
Hedmer et al. GMA-MS welder, Respirable, 2.3 0.3-11.9 Company 3 was visited 3 times for exposure measurements
(2014) Company 3 personal, 37, and a total of 14 workers participated; respirable dust sampler
(cont.) 6.2h (0.5-9.1h) placed outside the face shield
GMA-MS welder, Respirable, 1.2 0.5-2.3 Company 4 was visited 3 times for exposure measurements
Company 4 personal, 12, and a total of 5 workers participated; respirable dust sampler
6.2h (0.5-9.1 h) placed outside the face shield
GMA-MS welder, Respirable, 5.7 0.1-38.3 Company 5 was visited 3 times for exposure measurements
Company 5 personal, 21, and a total of 9 workers participated; respirable dust sampler
6.2h (0.5-9.1h) placed outside the face shield
GMA-MS welder, Respirable, 3.2 0.5-11.2 Company 6 was visited 3 times for exposure measurements
Company 6 personal, 13, and a total of 5 workers participated; respirable dust sampler
6.2 h (0.5-9.1 h) placed outside the face shield
GMA-MS welder, Respirable, 3.0 1.2-10.5 Company 7 was visited 3 times for exposure measurements
Company 7 personal, 21, and a total of 9 workers participated; respirable dust sampler
6.2h (0.5-9.1 h) placed outside the face shield
GMA-MS welder, Respirable, 3.1 0.7-8.3 Company 8 was visited 3 times for exposure measurements
Company 8 personal, 28, and a total of 11 workers participated; respirable dust sampler
6.2h (0.5-9.1 h) placed outside the face shield
GMA-MS welder, Respirable, 0.4 0.1-1.8 Company 9 was visited 3 times for exposure measurements
Company 9 personal, 29, and a total of 14 workers participated; respirable dust sampler
6.2h (0.5-9.1 h) placed outside the face shield
GMA-MS welder, Respirable, 1.4 0.1-6.1 Company 10 was visited 3 times for exposure measurements
Company 10 personal, 12, and a total of 6 workers participated; respirable dust sampler
6.2h (0.5-9.1h) placed outside the face shield
GMA-MS welder, Respirable, 1.6 0.4-3.3 Company 11 was visited 3 times for exposure measurements
Company 11 personal, 18, and a total of 7 workers participated; respirable dust sampler
6.2 h (0.5-9.1 h) placed outside the face shield
Matczak & Poland, GMA-Al welder,  Total particulate, 6 0.8-17.8 Samples collected with 37 mm filters for total dust and
Gromiec (2002) NR Plant I and II personal, 34, adjusted to 8 h TWA concentrations; not specified whether
6-7h inside or outside of face shield; Plant 1 had AM concentration
8.8 mg/m? and Plant IT had AM concentration of 5.0 mg/m?
GMA-Al welder,  Respirable, 2.6 0.7-6.0 Samples collected with cyclones for respirable dust and
Plant IT personal, 12, adjusted to 8 h TWA concentrations; not specified whether
6-7h inside or outside of face shield
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Table 1.8 (continued)

Reference Location, Occupation Sampling Exposure Exposure Comments/additional data
collection  description matrix, level range
date approach, N, (mg/m?) (mg/m?)
duration
Matczak & Turner and crane  Total particulate, 1.4 1.3-1.6 For non-welders working in the same room as GMA-Al
Gromiec (2002 operator, personal, 3,6-7 h welders; 37 mm filters for total dust adjusted to 8 h TWA
(cont.) Plant I concentrations; not specified whether inside or outside of face
shields
GTA-Al welder, Total particulate, 0.69 0.25-1.36 Samples collected with 37 mm filters for total dust and
Plant III personal, 13, adjusted to 8 h TWA concentrations; not specified whether
6-7h inside or outside of face shield
GTA-Al welder, Respirable, 0.79 0.32-1.85 Samples collected with cyclones for respirable dust and

Plant ITI

personal, 5,6-7 h

adjusted to 8 h TWA concentrations; not specified whether
inside or outside of face shield

* Exposure level expressed as arithmetic mean unless indicated otherwise
Al, aluminium; AM, arithmetic mean; FCA, flux cored arc; GM, geometric mean; GMA, gas metal arc; GTA, gas tungsten arc; h, hour(s); IOM, Institute of Occupational Medicine;
MCE, mixed cellulose ester; MMA, manual metal arc; MS, mild steel; NR, not reported; PVC, polyvinyl chloride; SS, stainless steel; TWA, time-weighted average
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surface area to the respiratory system compared
with that of MMA.

The concentration of welding fumes which a
welder is exposed to depends on several factors,
including welding process, welded metal, pres-
ence of coatings, arc time, and workplace and
personal characteristics. Kromhout et al. (2004)
created a database of welding fumes consisting
of over 1200 measurements from 10 individual
studies conducted during 1983-2003 in the
Netherlands. The authors had information on
welding process (GMA, GTA, MMA, other),
ventilation (general or local), and whether the
welder wore an improved helmet to provide
cleaner air. Fitting a mixed model with these
fixed effects, including random eftects for worker
and factory, the authors found that these deter-
minants explained 18% of the variability between
factories and 16% of the variability between
workers within the same factory. The type of
metal welded did not have an apparent effect
in the model when considering total welding
fumes. When including background concentra-
tion of welding fumes on a subset of workers for
which this was known, 36% of the total variance
was explained.

Liu et al. (2011) compiled over 2000 indi-
vidual total particulate measurements from
welders to assess sources of variability, with the
major factors related to exposure being country
(higher exposure levels in Finland and the USA,
and lower exposure levels in Canada, the United
Kingdom, and New Zealand), industry (highest
levels in manufacturing and lowest levels in
automobile industries), trades (highest expo-
sures for boilermakers, and lowest exposures
for pipe and welder fitters), type of ventila-
tion (lowest exposures with mechanical and
local exhaust ventilation), and type of welding
process (highest exposures in MMA, followed
by GMA, GTA, and ER welding). Exposures to
welding fumes had not changed over the 40-year
period. Creely et al. (2007) found similar results
when analysing the database of welding fumes

previously described by Kromhout et al. (2004); it
was noted that, while exposure to welding fumes
had decreased by 4% per year during 1983-2003,
this was a lower rate of reduction than for other
chemicals in the same geographic region.
Hobson et al. (2011) summarized 28 arti-
cles describing particulate exposure to welding
fumes in field studies, and found that welding
process and degree of enclosure explained 76%
of the variability in mean particulate exposures.
Lehnertetal. (2012) investigated determinants of
exposure to particle size specific welding fumes
and, as for Hobson et al. (2011), Liu et al. (2011),
and Kromhout et al. (2004), found welding
process, use of ventilation, and degree of enclo-
sure to be the major determinants of exposure.
Lehnert et al. (2012) found that FCA generated
the highest concentration of welding fumes,
followed by GMA and MMA. While GTA gener-
ated the lowest concentration of welding fumes,
this welding process did have the highest number
of small particles including ultrafine particles
(UFP), which are less than 0.1 um in diameter.
In GTA welders, Graczyk et al. (2016) found 92%
of the particle counts were of UFP type.
Suarthana et al. (2014) used the exposure
models developed by Kromhout et al. (2004),
Liu et al. (2011), and Lehnert et al. (2012) to esti-
mate exposure to UFP in Canadian apprentice
welders. Comparing estimates from the three
models (which were developed using measure-
ments of inhalable, total particulate, and respir-
able welding fumes) to measured concentrations
of UFP, Suarthana et al. found low R? correlations
ranging from 0.11 to 0.22. However, R? correla-
tions between the Kromhout, Liu, and Lehnert
models were higher, ranging from 0.41 to 0.74,
showing that they correlated better with each
other than any of the three models correlated
with the measured concentrations of UFP. [The
Working Group noted that this perhaps shows
that particle size and nature of work (appren-
tice welder vs skilled welder) are other relevant
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Table 1.9 Occupational exposures to chromium and nickel within the stainless steel and mild steel welding industries by

process and industry

Reference (country) Welding process Industry Total Cr (ug/m3):  Cr(VI) (ug/m3)*  Ni (ug/m?)*

Stainless steel welding processes

Akesson & Skerfving (1985) (Sweden) MMA (high Ni alloy, Fabrication 101 (26-220) - 440 (70-970)

75% Ni)

Angerer & Lehnert (1990); Angerer et al. (1987) MMA Shipbuilding 4b (< 1-50) - 72 (< 50-260)

(Germany)

Angerer et al. (1987); Angerer & Lehnert (1990) GMA Shipbuilding 10° (< 1-80) - 100 (< 50-320)

(Germany)

Bonde (1990) (Denmark) GTA Fabrication 14.8; SD, 11.4 3.6;SD, 2.8 -

Knudsen et al. (1992) (Denmark) GMA NR 14.7; SD, 6.2 - 11.6; SD, 9.2

Knudsen et al. (1992) (Denmark) GTA NR 27.7; SD, 60.4 - 15.2; SD, 17.3

Matczak & Chmielnicka (1993) (Poland) MMA NR (5-991) 50 (5-842) 20 (10-150)

Karlsen et al. (1994) (Norway) MMA, shipyard Shipyard 230 (8.3-1000) 140 (3.6-640) 50 (2.8-150)

Karlsen et al. (1994) (Norway) MMA, offshore module  Fabrication 30 (4.7-87) 6.2 (< LOD-18) 11 (1.6-41)

Karlsen et al. (1994) (Norway) MMA, welding shops Fabrication 50 (< LOD-270) 12 (< LOD-84) 14 (5.5-39)

Karlsen et al. (1994) (Norway) Grinding, small shop Fabrication 1100 (270-4300) <LOD 250 (79-650)

(< LOD-0.9)

Edmé et al. (1997) (France) MMA Fabrication 201 (16-1328) 86 (1-649) -

Edmé et al. (1997) (France) GMA Fabrication 185 (13-1200) 3.7 (1-65) -

Edmé et al. (1997) (France) GTA Fabrication 52 (1-308) 2.4 (1-16 -

Wallace et al. (2001) (USA) GMA Fabrication GM, 89.67 - GM, 44.84

(SD, 64.62) (SD, 31.32)
Wallace et al. (2001) (USA) GTA Fabrication GM, 2.74 - GM, 1.57
(SD, 0.86) (SD, 0.54)

Stridsklev et al. (2004) (Norway) FCA NR 200 (2.4-2.744) 11.3 (< 0.2-151.3)  50.4 (< 2.0-416.7)

Ellingsen et al. (2006) (the Russian Federation) MMA Fabrication and 57 (5-976) - 34 (3-240)
shipyard

Ellingsen et al. (2006) (the Russian Federation) GMA Fabrication and 73 (7-387) - 28 (2-270)
shipyard

Ellingsen et al. (2006) (the Russian Federation) FCA Fabrication and 9 (3-18) - 7 (2-25)
shipyard

Mild steel welding processes

Dryson & Rogers (1991) (New Zealand) GMA NR <LOD - (< LOD-0.002)

Dryson & Rogers (1991) (New Zealand) MMA NR <LOD - <LOD

Bonde (1990) (Denmark) MMA, GMA Fabrication 3.0 (SD, 1.8) 2 (SD, 1.2) -
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Table 1.9 (continued)

Reference (country) Welding process Industry Total Cr (ug/m?)* Cr(VI) (ug/m??*  Ni (ug/m?)?
Wallace et al. (2001) (USA) FCA, boilerplatec Fabrication GM, 12.61 - GM, 11.76
(SD, 15.86) (SD,13.78)
Schoonover et al. (2011) (USA) MMA Fabrication 1.8 (0.051-1.90) 0.36 (0.14-2.5)
Schoonover et al. (2011) (USA) GMA Fabrication 0.46 (0.14-1.6) 0.29 (0.11-1.2)

L9

» Arithmetic mean unless otherwise specified, range in parentheses

> Median

¢ Defined as carbon steel with no further information, but defined separately from stainless steel in the article

Cr, chromium; Cr(VTI), hexavalent chronium; FCA, flux-cored arc; GM, geometric mean; GMA, gas metal arc; GTA, gas tungsten arc; LOD, limit of detection; MM A, manual metal arc;
Ni, nickel; NR, not reported; SD, standard deviation

Buipam
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considerations when characterizing exposures to
welding fumes.]

1.3.2 Exposure to chromium and nickel

Airborne exposures to chromium and nickel
compounds are summarized in Table 1.9 for both
SS and MS welding processes. For total chro-
mium exposures, the ranges of mean concen-
tration for MMA-SS and GMA-SS welding were
4-230 pg/m? (Angerer & Lehnert, 1990; Karlsen
etal., 1994; Edmé et al., 1997) and 10-185 pg/m?
(Angerer & Lehnert, 1990; Knudsen et al., 1992;
Edmeéetal., 1997), respectively. The mean concen-
trations from two FCA-SS welding studies were
200 pg/m?® and 9 pg/m? (Stridsklev et al., 2004;
Ellingsen et al., 2006). GTA-SS welding was
observed to result in lower mean total chromium
exposures, ranging from 14.8 to 52 pg/m? (Bonde
1990; Knudsen et al., 1992; Edmé et al., 1997).

Chromium VI exposures tended to be
highest for MMA-SS welders (range of means,
50-140 pg/m3) (Matczak & Chmielnicka,
1993; Karlsen et al., 1994; Edmé et al., 1997).
Considering only SS welders again, nickel expo-
sures were lowest in two studies of GTA welding
(means, 15.2 and 1.57 pg/m?®) (Knudsen et al.,
1992; Wallace et al., 2001), and concentrations
varied in studies of MMA (range of means,
11-440 pg/m3) (Akesson & Skerfving, 1985;
Karlsen et al., 1994; Ellingsen et al., 2006), FCA
(means, 7 and 50.4 pg/m?) (Stridsklev et al., 2004;
Ellingsen et al., 2006), and GMA welding (range
of means, 11.6-100 ug/m?) (Angerer & Lehnert,
1990; Knudsen et al., 1992; Wallace et al., 2001;
Ellingsen et al., 2006).

Airborne exposures to chromium and nickel
compounds could be 10 times lower for MS
processes (Dryson & Rogers, 1991; Schoonover
et al., 2011).

In the WELDOX study, Weiss et al. (2013)
characterized determinants of exposure to both
airborne and urinary chromium and nickel.
They found that metal content in electrodes or
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base material and the welding process explained
most of the variability in air measurements; SS
welding demonstrated much higher concentra-
tions of both chromium and nickel in air than
MS welding. In urine, chromium and nickel
concentrations were higher when welding was
performed in a confined space or with poor
ventilation. The use of respiratory protection was
associated with a decrease in urinary chromium
and nickel concentrations.

Persoons et al. (2014) investigated deter-
minants of exposure to chromium and nickel
as measured in the urine of GMA-SS welders.
They found that welding by the more experi-
enced, in a confined space, or for a longer time
during the previous working week resulted in
higher concentrations of chromium in urine,
whereas welding of MS (as opposed to SS) and
using mechanical ventilation resulted in lower
concentrations of urinary chromium. Urinary
nickel concentrations were found to be highest
for welders with greater experience and who had
performed grinding, and lowest for welders of
MS. The metal content of the consumable elec-
trode did not influence urinary chromium or
nickel in this model. As in the models of welding
fumes described by Kromhout et al. (2004),
Hobson et al. (2011), Liu et al. (2011), and Lehnert
et al. (2014), when assessing determinants of
exposure to urinary chromium and nickel, the
use of ventilation resulted in reduced exposures,
confined space welding resulted in higher expo-
sures, and there were differences in measured
exposure due to type of welding or base metal
used.

1.3.3 Exposures from aluminium welding

GMA and GTA processes can be used for
welding aluminium and aluminium alloys
(which often include beryllium, Be), which can
present additional exposures to fumes and gases.
Higher levels of ozone and UV exposure can
also be generated from aluminium welding due



Welding

to the high currents and pure argon shielding
gas used (Faggetter et al., 1983). Typically, expo-
sures to aluminium experienced by welders
are measured in urine or plasma. However,
airborne aluminium was measured in a study
of 52 GMA and 18 GTA aluminium welders;
mean aluminium concentrations of 2.1 mg/m?
(range, 0.1-7.7 mg/m?) and 0.17 mg/m? (range,
0.07-0.50 mg/m?) were measured in GMA and
GTA welding fumes, respectively (Matczak &
Gromiec, 2002).

1.3.4 Exposure to welding gases

Table 1.10 provides a summary of exposures
to welding gases. Only one study was found
that quantified exposures to gases related to SS
welding. Among GTA-SS welders, measured
nitrogen dioxide and nitric oxide exposures
ranged from less than 0.3 to 21.2 ppm, and from
less than 0.04 to 13.8 ppm, respectively (Dryson
& Rogers, 1991).

Gases such as carbon monoxide, nitrogen
oxides, or ozone are also generated during MS
welding processes. Carbon monoxide exposures
as high as 1.5 ppm for GMA and MMA welders
have been reported (Dryson & Rogers, 1991;
Golbabaei et al., 2012). Oxides of nitrogen (NO,
and NO) were highest for GMA (mean NO,,
3.29 ppm; mean NO, 0.54 ppm) and GTA (mean
NO,, 3.54 ppm; mean NO, 0.41 ppm) welding
operations in the Islamic Republic of Iran (Azari
etal., 2011).

1.3.5 Exposure to radiation
(a UV

In addition to exposures to welding fumes
and gases, welders of all types in all industries
are exposed to UV radiation from the welding
arc. Arc welding produces UV radiation over
the full spectrum (UVA, UVB, and UVC), with
demonstrated harmful effects on exposed skin
and the eyes (Vecchia et al., 2007; ACGIH, 2013).

The exposure of welders to UV radiation has
been well characterized in the literature, and
is summarized in Table 1.11. Compared with
outdoor UV radiation exposure, arc welding UV
radiation exposures are very intense within a
few metres of the arc; exposure guidelines can
be exceeded in a matter of seconds to minutes.
This is compatible with the frequent occurrence
of skin erythema (sunburn) and photokerato-
conjunctivitis (“welder’s flash”) as reported in
the literature (Kimlin & Tenkate, 2007). Despite
welders typically wearing UV protective face
shields or goggles when arcing, relevant exposure
can still occur. Unprotected bystanders can also
be exposed to UV radiation (Tenkate & Collins,
1997).

Exposure to UV radiation is higher when:
the welder works close to the arc; arc energy,
duration, or electrical current are increased;
aluminium is being welded (because of the
higher energy required); or argon is being used
as the shielding gas. UV radiation emission is
greatest in GMA, followed by MMA and then
GTA welding, although this order can vary
depending on current and other parameters
(IARC, 1990; American Welding Society, 2014).
UV radiation emissions from oxyfuel (gas)
welding are generally much lower, but could be
associated with less-frequent use of eye protec-
tion (Burgess, 1995). Peng et al. (2007) monitored
UV radiation exposure during experimental
MMA welding scenarios to compare with
ACGIH UV exposure guidelines. The effective
irradiance at 50 cm from the arc was in the range
0.03-0.3 mW/cm? (median, 0.155 mW/cm?), and
reported permissible exposure times ranging
from 9.6 to 90.6 seconds (average, 19.4 seconds).
In comparison, measurements taken behind
a protective mask corresponded to approxi-
mately 6 minutes of permissible exposure time
(Peng et al., 2007). A similar analysis for GTA
welding of aluminium alloys found an effective
irradiance at 50 cm from the arc in the range
0.1-0.9 mW/cm?, reporting a permissible exposure
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Table 1.10 Occupational exposures to gases within the stainless steel and mild steel welding industries by process and

industry
Reference (country) Welding Industry CO (ppm)* NO, (ppm)* NO (ppm)* F (mg/m3)? O, (ppm)*
process
Stainless steel welding processes
Dryson & Rogers (1991) GTA NR - (<0.3-21.2) (< 0.04-13.8) - -
(New Zealand)
Mild steel welding processes
Dryson & Rogers (1991) GMA NR 1.5(1.2-1.8)  (<0.01-0.7) (<0.01-0.17) - -
(New Zealand)
Dryson & Rogers (1991) MMA NR - (<0.1-4.4) (< 0.07-1.6) - -
(New Zealand)
Akbar-Khanzadeh (1993) Various Shipyard 1.1 (SD, 0.5) 0.06 (SD, 0.03) 0.25(SD, 0.27) - -
(UK)
Wallace et al. (2001) FCA, Fabrication 10 (single grab ND - - ND
(USA) boilerplate sample)
Woskie et al. (2002) MS Construction - - - 0.73 (SD, 1.13) -
(USA)
Schoonover et al. (2011) MMA Fabrication 0.064 (0.052-0.22) 0.0047 (< LOD-0.020)
(USA)
Schoonover et al. (2011) GMA Fabrication 0.038 (0.037-0.061) 0.012 (< LOD-0.037)
(USA)
Hedmer et al. (2014) GMA Fabrication - - - - GM, 0.03 (< 0.01-0.66)
(Sweden)
Azari et al. (2011) GTA Fabrication - 3.54 (SD, 0.65) 0.41 (SD, 2.7) - 0.21 (SD, 0.12)
(Islamic Republic of Iran)
Azari et al. (2011 GMA Fabrication - 3.29 (SD, 0.60) 0.54 (SD, 3.2) - 0.37 (SD, 0.22)
(Islamic Republic of Iran)
Golbabaei et al. (2012) MMA Fabrication 1.8 (SD, 1.40) 0.397 (SD, 0.35) - - 0.018 (SD, 0.02)

(Islamic Republic of Iran)

* Arithmetic mean unless otherwise specified, range in parentheses
CO, carbon monoxide; F, fluoride; FCA, flux-cored arc; GM, geometric mean; GMA, gas metal arc; GTA, gas tungsten arc; LOD, limit of detection; MMA, manual metal arc; MS, mild
steel; ND, not determined; NO, nitric oxide; NO,, nitrogen dioxide; NR, not reported; O,, ozone; ppm, parts per million; SD, standard deviation

Compiled by the Working Group
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Table 1.11 Occupational exposures to non-ionizing radiation within the welding industry by

process and industry

Reference (country) Welding process Distance Industry ELF-EMF (uT)? UV (pW/cm?)?
(cm)
Peng et al. (2007) (China) MMA 50 Experimental Median, 154.9
(33.1-311)
MMA 100 Experimental Median, 39.3
(14.2-76.2)

MMA 200 Experimental Median, 5.0 (0.2-16.6)

MMA 300 Experimental Median, 2.0 (0.0-12.1)
Nakashima et al. (2016) GTA, aluminium 50 Experimental (91-910)
(Japan)
Okuno et al. (2001) (Japan) GMA with CO, 100 Experimental (28-785)

shielding gas
Wolska (2013) (Poland) GTA, MMA 60-34 Mean range, 779-3760
Skotte & Hjollund (1997) MMA direct Shipyard Workday, 21.2
(Denmark) current (range of means,

5.3-43)
GMA alternating Shipyard Workday, 2.3
current (range of means,
0.59-4.9)

Dasdag et al. (2002) MMA Fabrication (100-250)

(Turkey)

» Range in parentheses

CO,, carbon dioxide; ELF-EMF, extremely low frequency electromagnetic fields; GMA, gas metal arc; GTA, gas tungsten arc; MMA, manual

metal arc; UV, ultraviolet
Compiled by the Working Group

time of 3.3-33 seconds. UV emissions caused by
GTA aluminium welding were about one tenth
of the emissions by GMA aluminium welding,
based on previous results (Nakashima et al.
2016). Wolska (2013) reported on UV radiation
exposure measurements at 13 workstations
involving GTA and MMA welding with varying
process parameters. Mean effective irradiance
varied from 0.7 to 3.7 mW/cm?, corresponding
to a permissible exposure time in the range
1.7-75 seconds. It was not possible to distinguish
patterns of higher exposure for GTA or MMA
welding due to variations in other parameters
such as current.

UV radiation associated with arc welding is
generallymuch higher than for otherartificial UV
radiation generating processes (e.g. germicidal
lamps, photocuring, tanning lamps); exposure
concentrations are typically orders of magnitude

higher than natural sunlight (Tenkate & Collins,
1997).

(b) ELF-EMF

Welders are also exposed to ELF-EMF,
and measured exposures are summarized in
Table 1.11. While the number of publications
assessing the exposure of welders to EMF is
limited, Stern (1987) reported that welders
operate devices using a direct, alternating, or
pulsing current in the range 100-100 000 A.
These currents create magnetic flux densities of
100-10 000 pT at distances of 0.2-1 m from the
weld device (Stern, 1987). The arc time of welders
typically occupies 30-50% of the working day
and welders can work in close proximity to other
welders; Stern (1987) calculated that the cumu-
lative EMF exposure for welders can exceed that
of the general population by a factor of 2-200.
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Skotte & Hijollund (1997) measured the
exposure to ELF-EMF of 50 metalworkers and
15 shipyard welders, who reported welding
activity for 5.8 and 56% of the workday, respect-
ively. The personal exposure metres worn by
the workers recorded a measurement every
10 seconds for the metalworkers, and every
4 seconds for the shipyard welders. For the
metalworkers, the mean ELF-EMF exposure
for the workday (calculated using all measure-
ments from all metalworkers) was 0.50 pT, and
the maximum of the workday mean exposures
(the maximum mean calculated for all of the
50 metalworkers) was 9.73 pT. For the shipyard
welders, the mean ELF-EMF exposure for the
workday was 7.22 pT and the maximum of the
workday mean exposures was 27.5 pT. Higher
ELF-EMF exposures were found for MMA direct
current welders (workday arithmetic mean,
21.2 uT) than for GMA alternating current
welders (workday arithmetic mean, 2.3 uT).
During welding-only time, mean exposure was
65 uT for MMA direct current welders and 7 pT
for the GMA alternating current welders (Skotte
& Hijellund, 1997). Resistance welders may
experience the highest exposures to ELF-EMF
compared with other welding processes, as the
former involves electric currents up to 100 000 A,
resulting in peak ELF-EMF exposures in the
millitesla range (Hakansson et al., 2002).

The United States National Institute for
Occupational Safety and Health (NIOSH)
reports average ELF-EMF daily median and
exposure ranges for a variety of workers. Of
the workers listed, welders have the highest
average daily median exposure of 8.2 milli-
gauss [0.82 uT] and largest range of exposures
of 1.7-96 milligauss [0.17-9.6 uT]. As a compar-
ison, electric line workers have an average daily
median exposure of 2.5 milligauss [0.25 pT] over
the range 0.5-34.8 milligauss [0.05-3.48 uT],
and clerical workers experience a median expo-
sure of 1.2 milligauss [0.12 uT] over the range
0.5-4.5 milligauss [0.05-45 uT] (NIOSH, 1996).
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(c) Thorium-232

Tungsten electrodes used for GTA welding
usually contain 1-4% thorium oxide, added
to facilitate arc starting, increase arc stability,
reduce weld metal contamination, and improve
the current-carrying capacity. Thorium-232
(32Th) is a major radioactive isotope of thorium
and an emitter of a particles with a very long
decay half-life (1.4 x 10" years) (Saito et al.
2003). Exposure to ionizing radiation may occur
during grinding of the electrode before and after
welding, and during welding. In three studies
monitoring air sampled in the breathing zone
of workers performing welding and grinding,
radioactivity was measured within the range
0.1-100 mBg/m?; this corresponds to estimated
yearly effective doses which are mostly below
the current general population limit set by the
International Commission on Radiological
Protection (Ludwig et al., 1999; Gifvert et al.,
2003; Saito et al., 2003). Exposure tended to be
higher when alternating current was used, since
it is associated with a higher electrode consump-
tion rate (Ludwig et al., 1999).

1.3.6 Coexposures (asbestos, solvents)

A historical exposure related to welding is
asbestos, as it was commonly used as an insu-
lating material in ships, in the material covering
rod electrodes, in the cylinders holding acety-
lene gas, and in the heat-protective equipment
of welders and blankets to slow cooling of the
weld. As asbestos fibres are not stable at the
high temperatures used for welding, during
such processes they are more likely to aerosolize
(Kendzia et al., 2013). Exposure to asbestos in
shipyards is most commonly assessed via ques-
tionnaire or expert (industrial hygienist) opinion
based on historic job duties and tasks. In one
cohort study performed by NIOSH at a US
shipyard, cumulative exposure to asbestos was
determined through a combination of historic
asbestos air samples (n = 915) collected from
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Table 1.12 Limit values for welding fumes
(8 hours)

Country Limit value (mg/m?3)
Australia 5a

Austria 5 (respirable aerosol)
Belgium 5

Canada - Québec 5

France S

Ireland 5

Latvia 4

New Zealand 5ab

People’s Republic of China 4e

Singapore 5

Republic of Korea

Spain 5

Netherlands 1d

2 Not otherwise classified

b A range of airborne contaminants are associated with gas and arc
welding. The type of metal being welded, the electrode employed
and the welding process will all influence the composition and
amount of fumes. Gaseous products such as nitrogen oxides, carbon
monoxide, and ozone may also be produced. In the absence of toxic
elements such as chromium, and where conditions do not support
the generation of toxic gases, the concentration of fumes inside the
welder’s helmet should not exceed 5 mg/m?

¢ Inhalable fraction

4 Until 1 April 2010, the legal limit value was 3.5 mg/m?

Adapted from GESTIS International Limit Values, Update: March
2017 (GESTIS, 2016)

the 1940s to the 1990s and informed by an
industrial hygiene panel. The majority (852) of
asbestos samples fell below the limit of detec-
tion (< 0.004 fibres/mL) with the remaining 63
samples ranging from 0.004 to 25.0 fibres/mL;
that is, 6% of welders were considered to have
experienced high exposures to asbestos (Seel
et al., 2007).

The use of chlorinated solvents, such as
trichloroethylene (TCE) or tetrachloroethylene,
for cleaning coated metal in tandem with welding
may result in exposures to hydrogen chloride and
possibly phosgene (Burgess, 1995). The Working
Group could not find reported exposure levels
to these solvents for welders. Among job periods
exposed to any welding fumes in CANJEM,
15% were also deemed exposed to chlorinated

solvents. Among welder occupations (sheet
metal workers, mechanics, welders), 10-20% of
the job periods were deemed exposed to both
chlorinated solvents and welding fumes. Higher
proportions of coexposure (30%) were found
in occupations related to electric/electronic
maintenance.

Benzene has historically been used in solvents
for metal cleaning. Among CANJEM job periods
exposed to any welding fumes, 11% were also
deemed exposed to benzene (4% after 1980)
(CANJEM, 2017).

1.4 Regulations and guidelines

Limit values for occupational exposure to
welding fumes are generally set at 5 mg/m3
exceptions are in the People’s Republic of China
(limit value of 4 mg/m?) and the Netherlands
where, on 1 April 2010, a limit value of 1 mg/m?
over 8 hours came into force. In most countries
the size fraction of welding fumes has not been
defined but, given the process during which
the fumes are generated, it is assumed that the
welding fumes fall into the respirable aerosol size
range (Table 1.12). No short-term limit values
exist.

A range of airborne contaminants are associ-
ated with gas and arc welding. The type of metal
being welded, the electrode employed, and the
welding process all influence the composition
and amount of fumes. Gaseous products such
as nitrogen oxides, carbon monoxide, and ozone
may also be produced. Some countries no longer
have an exposure limit for welding fumes, but
instead use limits for specific metals in welding
fumes or respirable dust (e.g. Germany, the
United Kingdom, and the USA) (BG-Regel, 2006;
OSHA, 2013; HSE, 2017). In the United Kingdom
a generic exposure limit to welding fumes of
5 mg/m? as total inhalable particulate (TIP) was
withdrawn in 2005 (Garrod & Ball, 2005), as
the limit was not considered to be protective of
health.
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The World Health Organization has recom-
mended the use of personal protective equip-
ment for welders and helpers and the use of
engineering controls (e.g. “light-tight” cabinets
and enclosures, UV-absorbing glass, plastic
shielding, baffles) to protect non-involved staff
in the welding workplace (ICNIRP, 2007).

1.5 Exposure assessment of
epidemiological studies

Table 1.13, Table 1.14, and Table 1.15 provide
an overview of the exposure assessment methods
used in the key epidemiological studies that were
evaluated by the Working Group. The strengths
and the weaknesses of each study were assessed,
as well as the potential effects of these on the
interpretation of the risk estimates.

Some studies used the job title “welder”
as a measure of exposure (Tucker et al., 1985;
Schoenberg et al., 1987; Holly et al., 1996;
Kogevinasetal.,2003; Reulen etal.,2008; Pukkala
etal.,2009; Kendzia et al., 2013;’t Mannetje et al.,
2016; MacLeod et al., 2017). Job title alone does
not provide information on different tasks and
circumstances; since these influence the level
and frequency of exposure to welding fumes, job
title does not specifically characterize exposure
to welding fumes. Additionally, workers with
job titles other than welder may also perform
welding tasks (see Table 1.3). Some of the studies
using job titles separately classified welders and
“occasional welders” (Kendzia et al., 2013; Matrat
et al., 2016; MaclLeod et al., 2017). Definitions of
occasional welder vary between studies and have
been based on job titles judged by study authors
to involve welding tasks, for example plumbers
and sheet metal workers. The exact definition
will affect the level of exposure misclassification,
so both classifications (regular welders and occa-
sional welders) should always be assessed sepa-
rately. The reference group should not include
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either welders or occasional welders when calcu-
lating risk estimates in epidemiological studies.

Exposure assessment in several studies on
ocular melanoma relied on self-reported UV
radiation exposure (Seddon et al., 1990; Ajani
et al., 1992; Vajdic et al., 2004); although this is
more informative than job title alone, it may be
prone to recall bias.

Several studies used general job-exposure
matrices (JEMs) (Pesch et al., 2000; Guénel et al.,
2001; Lutzetal., 2005), with some based on moni-
toring data (Simonato et al., 1991; Serensen et al.,
2007; Yiin et al., 2007; Siew et al., 2008). However,
Yiin et al. (2007) acknowledged that scarcity of
data on welding fumes was a complicating factor
in the quantitative assessment. Since JEMs are
a standardized method of assessing exposures,
any misclassification is likely to be non-difter-
ential and the assessment process is transparent.
On the other hand, standardization negatively
affects the possibility of accounting for between-
worker variations, since workers with the same
job title will all be assigned the same exposure.

Exposure to welding fumes can also be deter-
mined from welding-specific questionnaires,
either through case-by-case expert assessment
(e.g. industrial hygienists) or directly reporting
on specific tasks performed by the respondent
(Siemiatycki, 1991; van Loon et al., 1997
Gustavsson et al., 1998; Jockel et al., 1998a, b;
Gustavsson et al., 2000; 't Mannetje et al., 2012;
Vallieres et al., 2012). The assessment can there-
fore incorporate all available information (job
title, type and name of the company, what was
being produced in the department, time period,
welding type and material, control measures)
and account for between-worker variations
within the same job. These assessment methods
also have their limitations, because they rely on
the reported work histories and welding char-
acteristics. Self-reported occupational informa-
tion is susceptible to recall bias, but this bias is
minimized when exposure assessment is based
on reported tasks rather than specific exposures.




Welding

Occupational information collected from proxy
respondents is not very useful for assessing expo-
sure to welding fumes, as spouses or other rela-
tives will not be able to provide details on specific
welding tasks and materials.

Several studies have reported good inter-
rater agreement analyses in the exposure assess-
ment of welding fumes. Seel et al. (2007) found
good concordance (78%) for estimating inten-
sity of exposure to welding fumes and excellent
concordance (98%) for frequency estimates,
defined as the number of 8-hour working days per
year at the estimated intensity (Seel et al., 2007).

welding-specific questionnaires in the case—
control studies of cancer of the lung are consid-
ered the most informative on exposure to
welding fumes (Siemiatycki, 1991; Jockel et al.,
1998a, b; 't Mannetje et al., 2012; Vallieres et al.,
2012; Matrat et al., 2016). Caution is warranted
when interpreting studies based on information
(partly) collected from proxy respondents, since
they will often be unfamiliar with the detailed
technical and workplace characteristics needed
for welding-specific questionnaires. Exposure
assessment based on job titles alone (Kendzia
et al., 2013) provides no information on the level

Benke et al. (1997) also reported good agreement
between raters for welding fumes (x = 0.57).
't Mannetje et al. (2012) reported a « of 0.9 for
agreement between experts in assessing expo-
sures to welding fumes in a multicentre study
on lung cancer. [The Working Group noted that
high agreement between experts does not neces-
sarily relate to correct assessments of exposure.]

[The main strengths of most of the case-
control studies listed in Table 1.14 are that full
job histories were assessed. The cohorts listed in
Table 1.13 do not have full job histories of the
subjects, which might have led to underestima-
tion of exposure to welding fumes.]

1.5.1 Summary exposure assessment quality
of epidemiological studies

In summary, the cohort studies with the
strongest exposure assessment are those that
applied a “welding exposure matrix” (Simonato
et al., 1991; Serensen et al., 2007), followed by
studies that applied either case-by-case expert
assessment (van Loon et al., 1997) or general
JEMs (Yiin et al., 2005; Meguellati-Hakkas et al.,
2006; Yiin et al., 2007; Siew et al., 2008). Studies
that only looked at job titles (Gerin et al. 1984;
Kjuus et al. 1986; Pukkala et al., 2009; MacLeod
et al., 2017) are considered less informative.

Taking into account all available infor-
mation, exposure assessments based on

of exposure to welding fumes. Studies that only
reported ever versus never welder (Schoenberg
etal., 1987), or were based predominantly on data
collected from proxy respondents (Hull et al.
1989; Gustavsson et al., 2000), are considered to
be least informative regarding the characteriza-
tion of exposure to welding fumes.

The case-control studies of ocular melanoma
applying a JEM (Guénel et al., 2001; Lutz et al.,
2005) are the most informative regarding expo-
sure to UV radiation, followed by self-reported
eye burns (Guénel et al., 2001; Vajdic et al.,
2004) and self-reported exposure from specific
welding types (Vajdic et al., 2004), although
caution is advised with regards to recall bias.
The studies assessing exposure to welding fumes
(Siemiatycki, 1991) and ever exposure to welding
arcs (Seddon et al., 1990; Ajani et al., 1992) as a
proxy for UV radiation exposure are less inform-
ative. Studies reporting on ever versus never
welders alone provide the least information on
UV radiation exposure (Tucker et al., 1985; Holly
et al., 1996).

For the case-control studies on other cancer
types, assessment of exposure to welding fumes
based on expert judgement (Siemiatycki, 1991) or
on a JEM (Pesch et al., 2000) is preferred over
assessments based on job title alone (Kogevinas
et al., 2003; Reulen et al., 2008; ’t Mannetje et al.,
2016).
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Table 1.13 Exposure assessment in key epidemiological studies of welders: cohort studies

Exposure Description Strengths Limitations Reference Exposure metrics reported
assessment
method
Welding Cohort study of male metal Exposure to welding fumes ~ Retrospective recall Serensen et al. Exposure to welding fumes up to
exposure workers employed for at least assessed specifically of details of the (2007 baseline, expressed as mg/m3-yr
matrix 1 yrat 1 or more Danish SSor  Quantitative exposure welding process has

MS industrial companies assessment, based on questionable accuracy

Ever welders, who started work measurement data No full job histories

in 1960 or later, were included Standardized assessment

for analyses by JEM; any exposure

Information on lifetime misclassification therefore

occupational exposures likely to be non-differential

was collected during a Details on individual

questionnaire in 1986; for welding tasks taken into

deceased workers, proxy account

respondents were interviewed
Welding Multicentre cohort study Exposure to welding fumes ~ No full job histories Simonato etal.  Years since first exposure to welding
exposure of male welders from 135 assessed specifically In some cases company  (1991); Gérinet  fumes (0-9, 10-19, 20-29, > 30) and
matrix companies in 9 European Quantitative exposure information was used al. (1993 duration of employment in years (< 9,

countries

Exposure histories were
constructed for each

cohort member, including
employment dates, base metal
welded, welding process

used, work environment, and
changes in exposure over time

assessment based on expert
judgment and measurement
data

Standardized assessment
by JEM; any exposure
misclassification therefore
likely to be non-differential
Detailed job information,
accounting for welding
material and process

to complete individual
exposure histories

> 10) were assigned

Welders were classified by type of
welding: shipyards, MS only, ever SS,
predominantly SS

Level of exposure was expressed in
units of mg/m?3; cumulative exposure
to welding fumes was then derived
by multiplying level by duration and
expressed as mg/m3-yr
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Table 1.13 (continued)
Exposure Description Strengths Limitations Reference Exposure metrics reported
assessment
method
Expert Prospective cohort study, men  Exposure to welding fumes No quantitative data on van Loon et al. Probability of exposure to welding
assessment  and women aged 55-69 yr in assessed specifically welding fumes 1997) fumes (particularly SS), classified into
September 1986 Blinded exposure Job histories only up four categories (no exposure; possible
Job history was obtained assessment; any exposure to start of follow-up, exposure, < 30%; probable exposure,
via self-administered misclassification therefore ~ so may have missed up 30-90%; nearly certain exposure,
questionnaire, collecting likely to be non-differential  to 10 yr of the end of > 90%), given the weights 0, 0.15, 0.6,
data on job title, company, All available information career and 0.95, respectively
department, and period used (job title, type, name Cumulative probability of exposure
of the company, what was was assigned based on the
being produced in the combination of probability weight
department, time period) and duration in years
Final re-evaluation round
performed to minimize
miscategorization of
exposures
JEM Cohort study of men and Exposure to welding fumes  No full job histories Yiin etal. (2005)  Exposure to welding fumes (0, none;

women employed at the
Portsmouth Naval Shipyard
for at least 1 day between 1
January 1952 and 31 December
1992, who were monitored for
radiation

Detailed computerized work
histories collected from
personnel records

assessed specifically

Expert assessment by panel
of industrial hygienists who
were familiar with shipyard
operations

Standardized assessment
by JEM; any exposure
misclassification therefore
likely to be non-differential

No quantitative data on
welding fumes

1, possible; 2, probable) was assigned
to each job title/shop combination by
an expert panel

Cumulative exposure score was
calculated as the sum of the duration
of exposed jobs (in years) multiplied
by the exposure probability score
Cumulative exposure to welding
fumes was then classified into three
categories: 0, > 0-5, and > 5
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Table 1.13 (continued)

Exposure Description Strengths Limitations Reference Exposure metrics reported
assessment
method
JEM Cohort study of workers Exposure to welding fumes  No full job histories Meguellati- Exposure to arc welding fumes was
in technical branch of the assessed specifically No quantitative data on Hakkas et al. expressed by duration in years
telephone company on 1 Standardized assessment welding fumes (2006)
January 1978 and newly hired by JEM; any exposure
up to 31 December 1994 misclassification therefore
Individual job histories since likely to be non-differential

start of employment in the
company were obtained from
company records
Occupations were classified
into six groups, as well as into
seven sectors; start and end
date of each occupation was

recorded

JEM Cohort study of men and Exposure to welding fumes  No full job histories Yiin etal. (2007) Intensity and frequency of exposure
women employed at the assessed specifically Scarcity of monitoring to welding fumes (as Fe,O, fumes)
Portsmouth Naval Shipyard Quantitative exposure data on welding fumes were assessed
for at least 1 day between 1 assessment based on expert hindered quantitative Cumulative exposure (mg-days/m?)
January 1952 and 31 December  judgement assessment based on was assigned to each subject
1992, who were monitored for ~ Standardized assessment data
radiation by JEM; any exposure
Detailed computerized work misclassification therefore
histories collected from likely to be non-differential

personnel records, including
job titles, shop assignment, and
employment dates
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Cohort study of all
economically active Finnish
men born during 1906-1945
Occupations were obtained
from the 1970 population
census; jobs were coded
according to ISCO-1958 and
FIN-JEM was applied

Exposure to welding fumes
assessed specifically
Quantitative exposure
assessment, based on
measurement data
Standardized assessment
by JEM; any exposure
misclassification therefore
likely to be non-differential

No full job history Siew et al. (2008)

Level of exposure to welding fumes
in mg/m?; any occupation with more
than 5% of workers exposed was
considered potentially exposed
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Table 1.13 (continued)
Exposure Description Strengths Limitations Reference Exposure metrics reported
assessment
method
Job title Census-based cohort study of ~ Both welders and No full job histories, MacLeod et al. Employment as welder or occasional
male workers aged 24-74 in occasional welders only occupation atone (2017 welder vs non-welders
1991 in Canada identified point in time
Occupation in week before Exposure to welding
census or the longest-held job fumes was not assessed
in the previous year was asked specifically
for Number of occasional
welders overestimated
since many occupations
were classified as such
Job title Census-based cohort study, Standardized classification ~ Only ever vs never Pukkala et al. Ever vs never employment as welder

men and women aged 30-64
yr in the 1960, 1970, 1980/81,
and/or 1990 censuses in the
Nordic countries

Occupation and industry were
recorded in the census

of jobs across countries
(ISCO-1958)

employment as welder
Exposure to welding
fumes was not assessed
specifically

Workers may be
performing welding
tasks and/or be exposed
to welding fumes
without having the job
title “welder”

No full job histories

(2009)

Fe,0,, iron oxide; FIN-JEM, Finnish job-exposure matrix; ISCO, International Standard Classification of Occupations; JEM, job-exposure matrix; MS, mild steel; SS, stainless steel; vs,

versus; yr, year(s)
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Table 1.14 Exposure assessment in key epidemiological studies of welders: cancer of the lung case-control studies

Exposure Description Strengths Limitations Reference Exposure metric
assessment reported/notes
method
Expert Two lung cancer case—control Exposure to welding fumes No quantitative data on Valliéres et al. Confidence of exposure
assessment studies assessed specifically welding fumes (2012 occurrence (possible,
Detailed job histories were Full job histories Information for ~23% of probably, definite)
obtained by interview; case-by- All available information used  the subjects was collected Intensity of exposure
case expert assessment was used to  (job title, tasks, materials via proxy respondents, (non-exposed, low,
assess exposures used, company, department, who may not be aware medium, high)
protective equipment) of the specific tasks and Frequency of exposure
Separated by arc welding and working conditions of (low, 1-5% of time;
gas welding fumes the case or control under medium, 5-30%; high,
Welding-specific questionnaire, study > 30%)
also administered to other job Ever exposed to gas
titles if indicating welding tasks welding fumes, arc
Blinded exposure assessment; welding fumes vs never
any exposure misclassification exposed to welding fumes
therefore likely to be non-
differential
Expert Case-control study on lung cancer ~ Exposure to welding fumes No quantitative data on ‘t Mannetje etal.  Confidence of exposure
assessment (1998-2001) in 6 central and assessed specifically welding fumes (2012 occurrence (possible,

eastern European countries and in
the UK

Questionnaire assessing
occupations held for more than

1 yr, including questions on
welding or gas cutting and if any
welding or gas cutting was done
near the subject; a specialized
questionnaire on welding

was administered when the
general questionnaire indicated
employment as a welder; case-by-
case expert assessment was used to
assess exposures

Full job histories

All available information used
(job title, tasks, materials

used, company, department,
protective equipment)
Separated by arc welding and
gas welding fumes
Welding-specific questionnaire,
also administered to other job
titles if indicating welding tasks
Blinded exposure assessment;
any exposure misclassification
therefore likely to be non-
differential

Standardization through yearly
training of experts and use of
manual for assessment; high
agreement (k = 0.9) between
experts for welding fumes

Expert’s ability to assess
the level of exposure

to welding fumes was
limited

probably, definite)
Intensity of exposure
(non-exposed, low,
medium, high)
Frequency of exposure
(low, 1-5% of time;
medium, 5-30%; high,
> 30%)

Ever exposed to gas
welding fumes, arc
welding fumes vs never
exposed to welding fumes
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Table 1.14 (continued)

Exposure Description Strengths Limitations Reference Exposure metric
assessment reported/notes
method
Expert Case-control study for several Exposure to welding fumes No quantitative data on Siemiatycki Intensity of exposure
assessment cancer sites assessed specifically welding fumes (1991) (non-exposed, low,
Detailed job histories were Full job histories Information for 29% of medium, high)
obtained by interview; case-by- All available information used  the subjects was collected Frequency of exposure
case expert assessment was used to  (job title, tasks, materials via proxy respondent, (low, 1-5% of time;
assess exposures used, company, department, who may not be aware medium, 5-30%; high,
protective equipment) of the specific tasks and > 30%)
Separated by arc welding, gas working conditions of
welding, and soldering fumes  the case or control under
Welding-specific questionnaire, study
also administered to other job
titles if indicating welding tasks
Blinded exposure assessment;
any exposure misclassification
therefore likely to be non-
differential
Welding- Case-control study on cancers Full job histories Exposure to welding Matrat et al. Ever regular welder, ever
specific of the respiratory tract in France Job-specific questionnaire fumes was not assessed (2016) occasional welder vs never
questionnaire (2001-2007) on welding for anyone who specifically welder
Face-to-face interviews using indicated being exposed to Self-reported Ever gas, arc, spot, or other

standardized questionnaires
Lifetime occupational history,
including the start and end dates,
industry and tasks, and a job-
specific questionnaire for welding,
brazing, or metal cutting

welding, including information
on the welding process, type of
metals welded, type of coating
covering the metal, treatments
applied before welding and the
use of protective clothing

Both regular welders and
occasional welders defined

occupational information
susceptible to recall bias;
however, reporting tasks
probably less prone to
recall bias

welding vs never welding
Frequency of welding

(< 5%, > 5%)

Total duration of exposure
to welding activity (< 10,
> 10 yr)

Time since last exposure
(£35,>35yr)

Time since last exposure
(0, 0-10, 10-20, 20-30,
30-40, > 40 yr)
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Table 1.14 (continued)

Exposure Description Strengths Limitations Reference Exposure metric
assessment reported/notes
method
Welding- Case-control study on lung cancer  Full job histories No quantitative data on ockel et al. Ever vs never exposed
specific in Germany (1988-1993) Job-specific questionnaire on welding fumes (1998a, b) Lifetime hours of welding
questionnaire A structured questionnaire was welding, including type of Self-reported oxyacetylene or MMA
used to obtain information on job  welding, metals welded, coating occupational information welding, or both (non-
history (for jobs held for at least on metals, working conditions,  susceptible to recall bias. exposed, < 1000, > 1000 to
6 mo) and occupational exposures;  and time dimensions However, reporting tasks <6000, > 6000 h)
supplemental questionnaires were  For each individual possibly probably less prone to
used for exposure to welding fumes using welding devices (based recall bias
on job history), the welding-
specific supplementary
questionnaire was
administered
Job title Pooled analysis of lung cancer Standardized classification Exposure to welding Kendzia et al. Ever vs never employment
case-control studies of jobs (ISCO-1968) and fumes was not assessed (2013) as welder
Full job histories were collected, industries (ISIC revision 2) specifically Ever vs never employment
including all jobs held for at across studies No information on as occasional welder
least 1 yr; start and end year was Full job histories welding process available Longest-held occupation
recorded for each job Taking into account workers as welder or occasional
without the job title welder who welder vs never
may be performing welding
tasks and/or exposed to
welding fumes
Welding- Lung cancer case—control study Full job histories Information was largely =~ Hull et al. (1989)  Ever vs never exposed
specific among white male welders in Los Information on type of welding collected via proxy Ever MMA, SS, MS,
questionnaire Angeles County (1972-1987) and welding material respondents, who high-alloy steel welding,

Interviews collecting information
on occupational exposures to
specific welding processes, metals
welded, asbestos, and confined-
space welding

may not be aware of

the specific tasks and
working conditions of
the case or control under
study

confined-space welding,
shipyard welding
Ever exposed for > 5 yr
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Table 1.14 (continued)

Exposure Description Strengths Limitations Reference Exposure metric
assessment reported/notes
method
Job title Pooled analysis of lung cancer Standardized classification Exposure to welding Kendzia et al. Ever vs never employment
case—control studies of jobs (ISCO-1968) and fumes was not assessed (2013) as welder
Full job histories were collected, industries (ISIC revision 2) specifically Ever vs never employment
including all jobs held for at across studies No information on as occasional welder
least 1 yr; start and end year was Full job histories welding process available Longest-held occupation
recorded for each job Taking into account workers as welder or occasional
without the job title welder who welder vs never
may be performing welding
tasks and/or exposed to
welding fumes
Job title Case-control study on lung cancer  Full job histories Exposure to welding Gerin et al. Ever welder or burner

in New Jersey (1980-1981)
Personal interviews of the subjects
or their next of kin; information
was also obtained on each full-time
or part-time job held for 3 mo or
more since 12 yr of age
Information recorded: name

and address of employer; type

of business; job title; duties
performed; materials handled;
exposure to solvents, fumes,

or dust; and time period of
employment

For shipbuilding workers,
supplemental questions on
employment in specific shipyard
trades were also asked

fumes was not assessed
specifically

No information on
welding process available
Workers without the

job title welder may be
performing welding tasks
and/or be exposed to
welding fumes

(1984); Kjuus

et al. (1986);
Schoenberg et al.
(1987)

Buipam



8L

Table 1.14 (continued)

Exposure Description Strengths Limitations Reference Exposure metric
assessment reported/notes
method

Expert Case-control study on lung cancer ~ Exposure to welding fumes Information was mostly ~ Gustavsson etal.  Exposure to welding
assessment in Sweden (1985-1990) assessed specifically collected via proxy (2000) fumes was assessed as

Postal questionnaire recording
start and end date, job title, job
tasks, and company for each job
held for more than 1 yr
Case-by-case expert assessment
was used to assess exposures;
probability and intensity of
exposure to a range of occupational
exposures, including welding
fumes, was assigned

Full job histories

Blinded exposure assessment;
any exposure misclassification
therefore likely to be non-
differential

All available information used
(work tasks were taken into
account in addition to job
titles)

Only one expert conducted
the assessments, enhancing
uniform assignments

respondents, who

may not be aware of

the specific tasks and
working conditions of
the case or control under
study

Proxy respondents

more often used

for cases, possibly
resulting in differential
misclassification

Only one expert
conducted the
assessments, hindering
evaluation of the quality
of assessments

No quantitative data on
welding fumes

low, medium, or high,
with category averages
assigned as 1, 5,and 15
units, respectively, where
15 units corresponded to
full-time employment as a
MMA welder

Probability of exposure
(0%, 20%, 50%, or 85%)
Cumulative exposure for
each factor was calculated
as the product of the
intensity, the probability,
and the duration of the
exposure, summed over
all work periods in the
person’s occupational
history

h, hour(s); ISCO, International Standard Classification of Occupations; ISIC, International Standard Industrial Classification; mo, month(s); MMA, manual metal arc; MS, mild steel; SS,
stainless steel; vs, versus; yr, year(s)
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Table 1.15 Exposure assessment in key epidemiological studies of welders: ocular melanoma (ultraviolet radiation)

Exposure Description Strengths Limitations Reference Exposure metrics
assessment reported/notes
method
JEM Case-control study on ocular Full job histories No quantitative data on Guénel et al. Exposure to artificial UV
melanoma in France Artificial and solar artificial UV radiation (2001) radiation
Interviews collecting detailed UV radiation assessed JEMs do not take into Exposure probability, i.e.
description of each job held for at least  separately account variability in estimated proportion of
6 mo, using open-ended questions; for ~ Ever eye burn from exposure between people workers exposed within
selected work tasks (including welding), welding recorded with the same job job (< 20% exposed
details on work procedures (e.g. type Interviewer not aware of workers, 20-50%, > 50%)
of welding process) and materials were  research questions and Exposure frequency
obtained from a specific questionnaire ~ coders blinded (occasional, several days
Jobs were coded with ISCO-1968 anda  Standardized assessment per month, several days
study-specific JEM was applied by JEM; any exposure per week, daily)
misclassification Exposure intensity (high,
therefore likely to be medium, low)
non-differential Summary score was the
product of probability,
frequency, and intensity
JEM Pooled analysis of case-control studies ~ Full job histories Short intense exposures Lutzetal. (2005) Exposure to artificial UV

on ocular melanoma

Interviews collecting occupational
histories, including each job held for at
least 6 mo

Jobs were coded with ISCO-1968 and a
study-specific JEM was applied

Artificial and solar UV
radiation separately
assessed

Standardized
assessment by using
JEM; any exposure
misclassification
therefore likely to be
non-differential

may have been missed;
y

information on eye burns due

to welding not included
No quantitative data on
artificial UV radiation
JEMs do not take into
account variability in
exposure between people
with the same job

radiation

Exposure probability, i.e.
estimated proportion of
workers exposed within
job (< 20% exposed
workers, 20-50%, > 50%)
Exposure frequency
(occasional, several days
per month, several days
per week, daily)
Exposure intensity (high,
medium, low)

Summary score was the
product of probability,
frequency, and intensity
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Table 1.15 (continued)
Exposure Description Strengths Limitations Reference Exposure metrics
assessment reported/notes
method
Self-report ~ Case-control study on ocular Artificial UV radiation No quantitative data on Vajdic et al. Lifetime hours of
melanoma in Australia exposure assessed artificial UV radiation (2004) exposure (based on years,
Telephone interview with structured specifically, including Self-reported exposure usual frequency, and
questions about use of welding bystander exposure susceptible to recall bias duration of exposure)
equipment Welding either at work or Exposed to own welding
Ever welder or exposure to others at home (ever, never)
arc welding < 5 m away, and further Information on type Type of welding (none,
detailed questions about exposure of welding, wearing arc and oxy, arc only, oxy
of goggles/mask, and only, electric/spot only,
number of eye burns due other)
to welding Welding at work (ever,
never)
Exposed to others
welding (ever, never)
Expert Case-control study for several cancer Full job histories Exposure assessment focused ~ Siemiatycki Exposure to welding
assessment sites, including ocular melanoma, in All available information  on (arc) welding fumes, not (1991) fumes

Canada
Case-by-case expert assessment was
used to assess exposures

used (job title, tasks,
materials used, company,
department, protective
equipment)
Welding-specific
questionnaire,
administered to other job
titles also if indicating
welding tasks

Blinded exposure
assessment; any exposure
misclassification
therefore likely to be
non-differential

UV radiation from welding
No quantitative data
Assessment of many (293)
substances overall, creating a
large burden on the assessors
Information for about 12% of
the subjects was collected via
proxy respondent, who may
not be aware of the specific
tasks and working conditions
of the case or control under
study

Intensity of exposure
(low, medium, high)
Frequency of exposure
(low, 1-5% of time;
medium, 5-30%; high,
> 30%)
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Table 1.15 (continued)
Exposure Description Strengths Limitations Reference Exposure metrics
assessment reported/notes
method
Self-report ~ Case-control study on uveal melanoma  Sources of artificial and ~ No full job histories Seddon et al. Ever vs never exposure to
in the USA natural UV radiation Exposure to welding arcs (1990); Ajani welding arcs
Telephone interview recording assessed separately occurring 15 yr before etal. (1992)
exposure to potential risk factors, interview
including natural and artificial sources Self-reported exposure
of UV, occurring at present or 15 yr susceptible to recall bias
before the interview Exposure to UV radiation
was not assessed specifically
No information on duration
or intensity of exposure or on
eye protection worn
Job title Case-control study on intraocular Including bystander Exposure to UV radiation Holly et al. Ever vs never welder
melanoma in the USA exposure was not assessed specifically ~ (1996) Duration of employment
Interviews were held (controls via Short intense exposures may 0,<1,2-10, = 11 yr)
telephone), collecting information on have been missed due to
occupational history (six longest-held criteria for “welder”
jobs), exposure to chemicals, and sun Type of welder not taken into
exposure account
“Welders” included men who were No information on eye
exposed to welding for at least 3 h/wk protection worn
for 6 mo or men who worked as welder Unclear how workers
or cutter, or those in proximity of “exposed to welding by
welding proximity of working
conditions” were identified
Job title Case-control study on intraocular Full job histories Type of welder not taken into  Tucker et al. Ever vs never welder

melanoma.
Telephone interview recording
employment history.

account. (1985)
Exposure to UV radiation

was not assessed specifically.

No information on duration

or intensity of exposure or

eye protection worn.

18

h, hour(s); ISCO, International Standard Classification of Occupations; JEM, job-exposure matrix; mo, month(s); UV, ultraviolet; vs, versus; wk, week(s); yr, year(s)
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