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Position paper: Welding fume exposure assessment for

OHS Act compliance purposes
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Prepared by: SAIOH Welding Fume Technical Committee

Welding fumes remain one of the most pervasive and under-
estimated occupational health hazards across South Africa’s industrial
landscape. As sectors such as manufacturing, construction, mining,
and maintenance continue to rely heavily on welding processes,
thousands of workers are routinely exposed to complex mixtures
of metal particulates and gases known to cause serious respiratory,
neurological, and carcinogenic health effects. In line with its mandate
to uphold professional standards and safeguard worker health, the
Welding Fume Technical Committee of the Southern African Institute
for Occupational Hygiene (SAIOH) developed this position paper to
clarify the scientific evidence, articulate the risks, and outline the
minimum expectations for effective control. This document, dated
23 January 2026, aims to support employers, regulators, practitioners,
and workers in strengthening national efforts to reduce exposure,
improve compliance, and advance a culture of prevention in every
workplace where welding is performed.

1. Executive summary

Employee exposure to metal/welding fume presents significant
occupational health risks. This position paper outlines SAIOH’s
guidance on best practices for the sampling and assessment of

employee exposure to metal/welding fume, emphasising the
need for airborne fraction-specific particulate sampling and
the routine monitoring of hexavalent chromium (CrVI) expo-
sure for all welding types. SAIOH advocates for a risk-based,
technically sound sampling approach that is aligned with
international standards, and which supports compliance with
the requirements of the South African Hazardous Chemical
Agents Regulations, 2021.

2. Scope and purpose

This paper addresses occupational exposure to welding fumes

across various sectors, including fabrication, construction, and

manufacturing. It aims to:

- Provide clear guidance on preferred sampling methodologies
and sample analyses requirements,

- Clarify SAIOH’s position on inhalable vs respirable airborne
particulate sampling,

» Recommend routine CrVl sampling in relevant welding sce-
narios, and

- Align with international best practices and local regulatory

frameworks.

Table 1. Occupational exposure limits for metals, metal compounds, and metal oxides contained in welding fumes

Metal Element or compound TWA OEL Inhalable/r.espirable
formula (mg/m?) fraction
Particulates not otherwise specified - 10 Inhalable
- 5 Respirable
Metallic chromium Cr(0) 1 Inhalable
Trivalent chromium compounds: water-soluble compounds Cr(lll) 0.006 Inhalable
Hexavalent chromium compounds: water-soluble compounds Cr(VI) 0.0004 Inhalable
Nickel and compounds (NOS) [as Ni] Ni 0.1 Inhalable
Ni 0.02 Respirable
Nickel: elemental Ni 3 Inhalable
Aluminium metal and insoluble compounds [as Al] Al (metal) 2 Respirable
Calcium hydroxide* Ca(OH), 10 Inhalable
Calcium oxide* Ca0 4 Inhalable
Copper fume (copper oxide) [as Cu] CuO 0.4 Inhalable
Dusts and mists [as Cu] Cu 2 Inhalable
Iron oxide fume [as Fe] Fe,0, 10 Respirable
Manganese: inorganic compounds [as Mn] Mn 0.2 Inhalable
Manganese: elemental Mn 0.04 Respirable
Vanadium pentoxide* V,0, 0.1 Inhalable
Zinc oxide, fume* ZnO 4 Respirable

NOS: not otherwise specified, OEL: occupational exposure limit, TWA: time-weighted average
* for these compounds, the laboratory-supplied result of the mass of the element in the sample MUST be converted to the equivalent mass of the whole compound before the air

concentration of that compound can be evaluated against the relevant OEL
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3. Problem statements

3.1 Respirable versus inhalable airborne particulate
sampling techniques for metal fume exposure
assessments

In terms of the Hazardous Chemical Agent (HCA) Regulations, 2021,
there is no single occupational exposure limit (OEL) for whole
welding fume. One must, therefore, identify and assess employee
exposure to the individual welding fume constituents as well as
evaluate the combined exposure to these fume constituents (as an
exposure index (El)), where applicable.

Some metals, metal compounds, and metal oxides have been
assigned OELs for the inhalable fraction of airborne particulates,
whilst others have OELs for the respirable fraction of airborne
particulates.

To illustrate this, some examples of OELs are provided in Table 1.

In the case of exposure to welding fumes in particular, the fume
consists of a mixture of metal fumes (metal compounds), mostly
metal oxides. From Table 1, it is evident that some of these welding
fume constituents have OELs for the inhalable airborne particulate
fraction, whilst others have OELs for the respirable fraction. This
raises the question of whether two (2) samplers have to be attached
to the test subject, i.e. one for each of the respective airborne par-
ticulate fractions? Do these samples have to be separately analysed
for the respective elements according to their particle size-specific
OEL's? Or is there an alternative, more practical and scientifically
sound option?

3.2 Sampling for hexavalent chromium used to be only
applicable to stainless steel-related exposures and
health risk assessments

In the majority of literature dealing with welding fume-related
exposures and health risks, exposure to CrVl is generally limited to
welding, torch, and plasma cutting on stainless steel. Traditionally,
it was held that mild steel, or low-carbon steel, did not contain any
chromium (Cr) and that tasks which resulted in the volatilisation
of mild steel should not liberate CrVI fumes, i.e. were considered
irrelevant in mild steel welding fume exposure assessments. The
majority of literature sources do, however, acknowledge that mild
steel can contain trace amounts of Cr, as an impurity.

Much of the mild steel on the market today is, however, produced
from recycled scrap metal or is imported from largely unknown
sources. This makes it all but impossible to judge the actual Cr con-
tent of the steel or the Cr content of the fumes generated during
welding activities performed on this steel.

The OEL for CrVI (fume) has also been dramatically reduced
over time, with the current OEL being only 0.0004 mg/m3 (HCA
Regulations, 2021). The generation of even trace amounts of Cr
fume during mild steel welding operations can, therefore, result in
“significant” employee exposure to CrVI, relative to this extremely
low OEL.

At this point, itis important to remember that the OELs tabled in the
HCA Regulations, 2021, are not health-based exposure limits (refer
to Regulation 10 of the HCA Regulations, 2021), but are merely
“limits” to determine whether exposure to the HCA, via inhalation,
is adequately controlled for legal compliance purposes.
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The threshold limit values (TLVs) published by the American
Conference of Governmental Industrial Hygienists (ACGIH) are,
however, solely health based. The current (2025) TLV for CrVI
(0.0002 mg/m3) is 50% lower than the current South African OEL,
which makes CrVI a potential health risk, even if itis only present
in trace amounts in welding fume.

CrVI analysis requires a different method to that used for other
Crvalencies —i.e.a method which is able to quantify CrVI specifi-
cally. This implies that, in addition to the need for two samplers
forinhalable and respirable fractions, a third sampler would have
to be attached to a single welding employee for specific CrVI
sampling - a clearly absurd and impracticable notion.

4. Literature study on the unique attributes of and
differences between metal dust and fumes

4.1 Fundamental differences between metal dust

and fumes

In the context of metal particulates, the distinction between a

dust and a fume is not a mere semantic nuance. It represents

a fundamental divergence in toxicology, driven by profound

differences in generation, physicochemical characteristics, and

subsequent biological behaviour. Welding is a high-energy thermal

process that is ubiquitous in modern industry, and generates a

complex aerosol that is fundamentally and critically different

from metal dusts produced by mechanical operations.

Metal dusts and welding fumes originate from disparate mecha-
nisms, resulting in particles with profoundly different sizes,
shapes, surface areas, and chemical compositions. These dif-
ferences are the primary drivers of their distinct toxicological
behaviours and necessitate entirely different approaches to risk
assessment and control.

Metal dusts are produced when mechanical energy is applied to a
solid substrate. Processes such as grinding, sanding, and cutting
involve physical abrasion and fracture, breaking down the parent
material into smaller airborne particulates. The resulting particles
are, therefore, chemically and structurally representative of the
bulk material from which they originated.

In stark contrast, welding fumes are generated through the thermo-
dynamic process of vaporisation followed by condensation. This
process creates ‘freshly formed’ particles, which are chemically
unstable and possess a higher surface reactivity compared to
the aged, passivated surfaces of mechanically generated dust
particles. This inherent reactivity is a key driver of oxidative stress
and cellular damage upon inhalation of welding fume.

The most significant physical distinction between metal dust and
welding fume lies in the size distribution of the constituent part-
icles. Mechanically generated dusts typically consist of a broad
range of particle sizes, with a significant portion of the mass in
the non-respirable range (> 10 pm). Whilst a respirable fraction
does exist, much of the inhaled mass is trapped by the efficient
clearance mechanisms of the upper airways.

Welding fumes are, however, characterised by a particle size distri-
bution thatis overwhelmingly dominated by fine and ultrafine part-
icles (UFPs), withthevastmajority havinganaerodynamicdiameter of
< 1 um and a substantial fraction existing in the nanoparticle
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range (< 0.1 pm or 100 nm). This means that nearly the entire
inhaled mass of welding fume is respirable and is, therefore,
capable of bypassing the defences of the upper respiratory tract to
penetrate and deposit with high efficiency in the most distal and
sensitive regions of the lungs (terminal bronchioles and alveoli).

The morphology of these particles also enhances their hazard-
ous potential. Whilst dust particles are typically irregular, solid
fragments, fume particles initially form as near-spherical primary
nanoparticles that rapidly coagulate into complex, chain-like or
grape-like agglomerates. These fractal-like structures possess
an immense surface-area-to-volume ratio compared to solid
particles of the same mass. This enormous surface area is a criti-
cal toxicological factor, as it dramatically increases the particle’s
chemical reactivity and the potential for interaction with biologi-
cal molecules and the vast surface of the lung tissue.

A welder is never exposed to a single metal fume but to a complex
and variable chemical mixture of these newly formed substances.

The unique physicochemical properties of welding fumes grant
them access to the body via pathways that effectively circumvent
its primary defence mechanisms, resulting in a ‘toxicokinetic
multiplier effect. The combination of deep lung deposition, direct
translocation into the bloodstream, and the ability to bypass key
metabolic and physiological barriers means that the internal dose
delivered to a target organ, from inhaling a given mass of fume,
can be orders of magnitude more hazardous than the dose from
an equivalent mass of dust.

Welding fumes, particularly in the case of flux-coated or flux-
cored welding rods and wires, contain a significant number of
ultrafine particulates, which are comprised of mainly silica and
fluoride fumes. Although these particulates are generally con-
sidered biologically inert (particulates not otherwise specified),
they do contribute to overall respiratory system stress, putting
strain on the respiratory system'’s defences and particulate creat-
ing mechanisms and, thereby, enhancing the local and systemic
effects of other welding fume constituents.

4.2 Summary

Available evidence suggests that there is a clear and scientifi-
cally grounded distinction between the health risks posed by
metal dusts and metal fumes. The evidence also demonstrates
that these two forms of particulate matter, even when derived
from the same parent metal, must be considered as separate and
distinct toxicological challenges.

The conclusion is that metal fumes generated by welding activi-
ties represent a fundamentally greater hazard than metal dusts
generated by mechanical processes. This heightened risk is not
attributable to a single factor, but to a convergence of adverse
properties inherent to the fume generation process, all of which
are magnified by the extremely small size of the particles.

Generation and composition

Welding is a chemical process that creates new substances.
It transforms metals into more reactive metal oxides and can
convert elements like Cr into their most toxic and carcinogenic
form (CrVI). In contrast, dusts are simply fragmented pieces of
the parent material.
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Particle size and deposition

Welding fumes are composed predominantly of ultrafine and
nanoparticles (< 1T um), which bypass the natural defences of the
upper respiratory tract and deposit with high efficiency in the deep,
sensitive alveolar region of the lungs. The majority of dust particle
mass is larger and is trapped and cleared more effectively in the
upper airways.

Bioavailability and systemic access

The combination of deep lung deposition, high surface area, and
direct translocation across the alveolar-capillary barrier makes the
metals in welding fumes far more bioavailable than those in metal
dusts. This leads to a higher systemic dose and greater risk to target
organs like the brain (manganese), kidneys (lead, cadmium), and
liver (iron). This pathway effectively bypasses the body’s primary
metabolic defences.

Welding fumes also contain a significant portion of ultrafine
particulates (fumes) not otherwise specified (PNOS), which add
to respiratory distress, and which are synergistic in causing local
and systemic effects associated with the highly hazardous metals
contained in welding fumes.

Asaresult,fumesareassociated with uniqueandsevere healthoutcomes
not seen with dust exposures, including acute metal fume fever (zinc),
subclinical neurotoxicity at low doses (manganese), fume-specific
carcinogenicity (CrVl), and severe pulmonary fibrosis (aluminium).

Any robust risk and exposure assessment programme must,
therefore, recognise that it is insufficient to simply identify the
presence of a metal - the process generating the particulate
and, specifically, the ultrafine nature of the fume, must be
the primary consideration.

4.3 Conclusion

Where assessing exposure to metal fume (e.g. welding fumes) is the
primary concern, one must focus on applying an exposure sampling
method that will collect fine and ultra-fine particulates to avoid
contaminating the sample with airborne dusts. This clear separation
between metal fume and metal-containing dusts must occur at the
sample collection stage of the assessment, as laboratory analysis
cannot separate or make any distinction between a dust and a fume
and will report on both in the same way.

A clear distinction should, therefore, be made between the risk being
assessed and the simple particulate fraction of an OEL.

It would be incorrect to collect a sample of metal fume using an air
sampling device intended for the collection of the inhalable fraction
of airborne particulates, simply because the OEL for the particular
metal is designated as‘Inhalable’. By following this approach, there is
a significant risk of contaminating the fume sample with larger, non-
fume metal and metal-containing dusts. Airborne dust is ubiquitous
in any environment and is likely to contain metals that will show up
as metal mass following sample analysis, potentially contaminating
the fume exposure sample, particularly if the sample was collected
using an inhalable fraction particulate sampler.

A respirable fraction particulate sample includes both ‘fine’ and
‘ultra-fine’ particulates, but still forms part of the particle size dis-
tribution and definition for ‘Inhalable’ airborne particulate matter.
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As a consequence, in the absence of a‘respirable’ OEL for a particular
metal, it would not be incorrect to collect a sample of the respirable
fraction of the metal particulate and compare the results to an OEL
designated as ‘inhalable’.

Against the backdrop of progressively lower exposure limits being
proposed for highly hazardous substances, CrVI should be treated
as a standard constituent of welding fume rather than as an excep-
tion reserved for stainless steel, particularly where heavy welding
fume exposure is expected.

5 Recommendations intended for adoption as
standard practice

5.1 Sampling methodology

Default

Use a respirable fraction airborne particulate sampling methodol-

ogy for welding and other metal fume exposure assessments. The

selected sampling method must have a high degree of accuracy

and precision and be proven to be capable of collecting respirable

airborne particulates, with a particle size distribution conforming

to the definition prescribed in the HCA Regulations, 2021.

Suitable sampling methods include:
« National Institute for Occupational Safety and Health (NIOSH) 0600
« Methods for the determination of hazardous substances (MDHS) 14/4

Hexavalent chromium sampling

Since it is unlikely that there will be any other sources of CrVI
(contamination) present, there is no need for specific particle size
selective sampling. In addition, because CrVl is highly reactive, it is
advised that only air sampling methods specifically developed and
validated for CrVI be adopted.

Suitable sampling methods include:

« NIOSH 7600/5

« Occupational Safety and Health Administration (OSHA) ID-215
(version 2)

5.2 Sampling strategy

When performing sampling of stainless-steel welding or any welding
performed on an alloy containing Cr, or where heavy exposure to
fume from mild steel welding is expected, two (2) sampling trains

need to be attached to the selected employee:

- One sample for the collection of respirable airborne particulates
(metal fumes in general)

- One sample to specifically collect CrVI fume

Alternatively, in the event of similar exposure group (SEG) mea-
surements, one could subject a selected number of employees to
respirable particulate (welding fume) exposure sampling, whilst a
similar number could be subject to specific CrVI exposure sampling.

In order to ensure that welding fume exposure measurements are
suitably representative of actual employee exposures, the sampling
cassettes must be placed inside the welding helmets - i.e. within
each employee’s breathing zone.

5.3 Sample analyses

There is no rule that requires sampling and analysis to be per-
formed according to the same methodology, as they are two
completely separate processes that serve completely different
purposes.

As is the case for sample collection, sample analysis must be
performed in accordance with a recognised methodology that
possesses the required level of accuracy and precision to satisfy
acceptable occupational hygiene needs. Examples of proposed
methods are shown in Table 2.

When selecting an analytical method or a laboratory (SANAS accred-
ited for metal analyses), itis particularly important to enquire about
the limits of quantitation (LoQ) of the selected analytical methods
for all of the metals to be included in the analysis request. This is to
ensure that the methods employed are sensitive enough to produce
useful results, which is determined as follows:

Divide your smallest sample volume of your group of samples,
collected over a shift, by the LoQ of each of the metal elements
or their compounds (depending on whether the OEL is specified
for the metal element or its compound).

The answer for each must exceed the respective OEL (or preferably
50% OEL) of each chosen metal (or compound), or you may end
up with a result you declare as below detectable level (BDL) or
below quantifiable level (BQL), which is actually in excess of the
OEL.

Table 2. Proposed air sampling and analytical methodologies for welding/metal fumes

Fume constituent Proposed sampling method

Proposed analytical method

Metal fume
(excluding CrVI fume)

Respirable airborne particulate

+ NIOSH 0600
« MDHS 14/4

CrVI fume Total airborne particulate
+ NIOSH 7600/5

« OSHA ID-215 (version 2)

Gravimetric weighing

« NIOSH 0600,

« MDHS14/4, or

« GME 16/2/3/2/3

Some laboratories and OH AlAs may have SANAS accreditation for in-house
methodologies.

Chemical analysis

« NIOSH 7300/1/2/3/4,

« OSHA ID-121, or

+ OSHA 1006

Some laboratories may have SANAS accreditation for in-house methodologies based on
these listed methods (or similar).

- NIOSH 7600/5
« OSHA ID-215 (version 2)

GME: government mining engineer, MDHS: methods for the determination of hazardous substances, NIOSH: National Institute for Occupational Safety and Health (USA),
OH AlA: occupational hygiene approved inspection authority, OSHA: Occupational Safety and Health Administration (USA), SANAS: South African National Accreditation System
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5.4 Calculations

Apart from calculations to determine airborne particulate concen-
trations and 8hr time-weighted average (TWA) airborne particulate
exposure levels (which fall outside the scope of this document),
the following are an important part of welding fume exposure
assessments:

a. Conversion of a metal element’s sample weight
(laboratory analysis result) to the weight of the metal fume
or compound originally collected in the sample

Using zinc oxide as an example (see Table 1 for details):
A collected fume sample contains zinc oxide (ZnO), whilst the tabled
OEL is for ZnO (as a whole) and not just the ‘Zn’ part of it.

This is different from iron oxide (Fe,0,), where the OEL relates to
the elemental iron (Fe) sample weight only, i.e. indicated by the
insertion of “[as Fe]” in the OEL description.

Following analysis of the sample, the laboratory supplies a weight
result for Zn only. This Zn weight must first be converted to the
equivalent weight of ZnO to calculate the ZnO exposure concentra-
tion, and allow for comparison of this result to the OEL for ZnO. To
facilitate this, the following formula must be applied:

lab mass result for target element
Mass of x molecular mass of the compound

compound ~

sum of atomic masses of target
element atoms

Where:

Molecular mass = sum of atomic masses of all elements that
make up the compound

Sum of atomic masses of target element = atomic mass of the target
element x number of target element atoms in compound molecule

Atomic mass = atomic mass as indicated in the periodic table
(see Figure 1)

PERIODIC TABLE

1 Atomic number

Element symbol

H

Hydrogen
1 Atomic mass

Element name

Source: duckingsciencebombs.wordpress.com

Figure 1. Example of an element as indicated in the periodic table

Example
Asample of welding fume contained ZnO and a Zn mass result of 40 ug was
received from the laboratory. What is the actual weight of ZnO sampled?

Tabulate all information (as below in Table 3).

Using the information obtained in Table 3, the actual mass of ZnO sampled
(using the 40 pg value for Zn obtained from the laboratory) is calculated

as follows:
lab mass result for target element
Mass of x molecular mass of compound
compound =

sum of atomic masses of target
element atoms

40 pg x 81.38 g/mol ZnO
65.38 g/mol Zn

49.79 ug ZnO, from which the 8hr TWA
ZnO concentration can be calculated,
for comparison to the OEL for‘ZnO’

b. Correcting the Cr sample weight in welding fume exposure
samples

Itis likely that sampling for CrVI will form a routine part of welding exposure
sampling, which will necessitate a separate, additional sample, specific for
CrVI.Consequently, the laboratory will report a CrVI-specific sample weight
as well as a total Cr sample weight.

The ‘total Cr" weight is the total for both CrVI and Crlll valences
(since inductively coupled plasma (ICP) and atomic absorption (AA)
analyses techniques cannot distinguish between differences in Cr
valences). To determine the true Crlll weight for the calculation of
the airborne concentration of Crlll, the CrVI laboratory result (weight)
must be subtracted from the laboratory result (weight) for Crlll, i.e.:

Crlll laboratory weight

True Crlll weight = _ CrVl laboratory weight

¢. Welding fume exposure and health risk assessment

When assessing exposure for compliance purposes, reference is made
to the applicable OELs in the HCA Regulations, 2021. When assessing
the actual health risk to the exposed individual or SEG, reference should
be made to a reputable health-based exposure limit such as the TLVs
published by the ACGIH.

There are, therefore, two ways in which employee exposure to welding
fumes should be assessed. First, employee exposure to the individual
identified constituents must be assessed as well as the total gravimetric
concentration of the fume exposure sample. Second, because welding
fume constituents are considered additive in terms of health hazard, one
must assess exposure to the mixture by means of calculating an El for the
mixture (Em) (refer to Em under sub-section 78(a) of Annexure 4 of the
HCA Regulations, 2021).

Table 3. Calculation of the target molecule’s mass from the target element’s mass

Target element (analysed): Zn Target molecule (as sampled): ZnO
Number of Atomic mass Total Individual Number of Atomic mass Total
element atoms in of element element mass element element atoms in of element element mass
target molecule (g/mol) (g/mol) name target molecule (g/mol) (g/mol)
1 65.38 65.38
1 65.35 65.38

1 16 16

Sum of atomic masses of target 65.38 Molecular mass of compound 81.38

element atoms
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This E_ calculation must include the gravimetric concentration of
the fume sample as a whole, as well as the concentration of all the
individual constituents identified and quantified and their respec-
tive OELs or health-based limit values, depending on whether the
assessment is for compliance or health risk assessment purposes.

TheE formula is as follows:

(C1) (C2)
m ™ (OEL1) * (OEL2)

(Cn..)
(OELn...)

Here E_ is the exposure for the mixture, and C1, C2, etc. are the
TWA concentrations of constituents in air. OEL1, OEL2, etc. are the
corresponding exposure limits. C1 and OEL1 will always be the total
gravimetric concentration of the respirable fraction of the airborne
particulate sample, and OEL1 the respirable PNOS OEL or limit value.
If the equation generates a result > 1, then the exposure limit for
the mixture (E ) has been exceeded. If one of the constituents has
been assigned an OEL-ML and the result is < 1, then the additive
effect should be considered, and exposure should be controlled to
as low as reasonably practicable (ALARP).

6. Regulatory alignment

SAIOH’s position supports compliance with the:

« Occupational Health and Safety Act, No. 85 of 1993
- Hazardous Chemical Agents Regulations, 2021

Key regulatory requirements:

- Formal health risk assessments

« Air monitoring using appropriate samplers

- Comparison of results to individual elemental hazardous
substances’ OELs

« Medical surveillance where exposure risk is identified

« Control measures, including the provision of personal protective
equipment
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