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New types of welding visor are becoming increasingly popular amongst welders. These fit much closer to
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zone thereby giving a measure of ‘true’ exposure. The work set out specifically to:
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Determine how accurately the in-visor sampler estimates actual exposure to welding fume during
welding.
Determine how accurately the in-visor sampler estimates actual exposure to grinding dust during
grinding and fettling work with the eye guard lowered and raised.
Investigate the effects of visor type on sampler performance i.e. compare exposure measurements
made with the old style and new style close fitting visor.
Compare the performance of the in-visor sampler with IOM samplers located on the lapel.
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EXECUTIVE SUMMARY
Objectives
New types of welding visor are becoming increasingly popular amongst welders. These fit
much closer to the face than the old type of visor and usually contain quick reaction glass that
darkens as soon as the welder “strikes up” and UV radiation is emitted. Current recommended
methods for sampling welding fume beneath visors are unsuitable because of the large size of
the sampling head, which will not physically fit behind the new type of visor. The aim of this
work was to assess the performance of a smaller sampler that has been designed by HSL to fit
comfortably underneath the new types of close fitting welding visor. This locates close to the
mouth and therefore samples airborne particles in the worker’s immediate breathing zone
thereby giving a measure of “true” exposure. The work set out specifically to:
•

Determine how accurately the in-visor sampler estimates actual exposure to welding
fume during welding.

•

Determine how accurately the in-visor sampler estimates actual exposure to grinding
dust during grinding and fettling work with the eye guard lowered and raised.

•

Investigate the effects of visor type on sampler performance i.e. compare exposure
measurements made with the old style and new style close fitting visor.

•

Compare the performance of the in-visor sampler with IOM samplers located on the
lapel.

Main Findings
HSL has designed an aerosol sampler that locates securely and unobtrusively behind close
fitting welding visors. It can be positioned close to the mouth and can therefore be used to
measure workers “true” exposure to welding fume and general airborne dusts with both the
visor raised and lowered. The sampler is constructed from inexpensive components that are
easy to assemble. During initial user acceptability trials it was found by a selection of HSL staff
to be comfortable to wear, easy to adjust and remained securely in position. An assessment of
in-visor sampler performance has shown:
•

It over-sampled welding fume by about 40% compared to that measured by a breathing
manikin, although it gave a much closer measure of exposure than an IOM sampler
placed on a workers lapel that oversampled by approximately 230%.

•

Its performance appeared to be largely unaffected by the type of welding visor worn,
giving only a slightly higher measurement when worn underneath the old style of
welding visor than the new close fitting type.

•

The effects of exhaled air on performance appeared to be small with exhaled air causing
the in-visor sampler to over-sample welding fume slightly more than when the manikin
just inhaled.

•

It can be successfully modified using a SIMPEDS cyclone to measure exposure to the
respirable fraction of airborne particulate. However, further work is required to fully
characterise and validate its performance.
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•

When used to sample dusts in the size range 6 to 58 µm, the in-visor sampler agreed
closely with the reference manikin mouth sampler with the visor both raised and
lowered.

•

When used to sample 6 and 18µ m particles, the IOM sampler over-sampled by about
50% compared to the mouth sampler with the visor both raised and lowered. However,
the IOM sampler over-sampled by about 400% for 58 µ m particles compared to the
mouth sampler with the visor lowered. This is because the visor offers a degree of
protection especially for larger particles.

Recommendations
It is recommended that HSL’s newly designed miniature in-visor sampler be considered for use
in sampling beneath closely fitting protective visors since it gives a better measure of worker
exposure than current methods regardless of whether the visor is lowered or raised. It should
also be considered for inclusion in future revisions of BS EN ISO 10882-1.
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INTRODUCTION

The current standard method of measuring personal exposure to welding fume involves the use
of a 25 or 37 mm sampler positioned behind the welding visor (BS EN ISO 10882-1, 2001).
Unfortunately, the method has proved to be difficult to operate, especially with new style
protective visors that are designed to fit more closely to the face. Consequently, some
occupational hygienists are resorting to mounting the sampler outside the visor, either close to
the throat or in the standard lapel position. This introduces a degree of uncertainty into any
results that are gathered, as it is not known to what extent the visor shields the wearer from the
concentration of welding fume being generated. The presence of the visor in the down position
may well affect the exposure of the wearer and the measurement obtained by the in-visor
sampler compared to a sampler mounted outside the visor
Colleagues in Sweden have developed a much smaller sampler to fit more easily inside the close
fitting visor (Lidén and Surakka, 2009). This comprises a 13 mm filter holder positioned on the
end of a modified commercial microphone headset as worn by commentators and dancers. This
has been modified such that the support for the mouthpiece is hollow and conducts air from the
filter holder to a personal sampling pump mounted on the welder’s belt.
A similar sampler based on a 13 mm filter holder, was reported by Allen et al (1981). This was
used to measure worker exposure to lead in a battery factory. However, for this device the pump
was mounted on an adjustable headband and it proved to be too noisy and cumbersome to wear.
With the increased usage of small microphone headsets by dancers, etc., it is expected that the
problem of wearer acceptance will be overcome. The intention is for the sampler to remain in
place and sampling will take place irrespective of whether the visor is being worn. In this way
the true exposure of the welder during their working shift will be assessed.
One of the main aims of a proposed welding fume baseline survey is to collect measurements of
current exposure of welders to welding fume in a range of different workplaces and industries.
Use of a small in-visor sampler will enable relevant measurements to be made irrespective of
the size and position of the visor. In order for HSE to deploy this sampler in this baseline study
its performance needed to be assessed.
As part of a previous project (Thorpe, 2006), HSL designed a prototype sampler suitable for
sampling welding fume in the workers’ breathing zone. This was based on the design of the
Swedish sampler and was designed to sit comfortably and securely behind the modern type of
welding visors and fit close to the cheek. It utilises a microphone headset that is secured behind
the neck and over each ear. The microphone and stem are replaced by a length of annealed
copper pipe with a “Swinnex” filter cassette on the end. The copper pipe is very malleable so
that it can easily be bent to accommodate different face sizes and shapes. The “Swinnex” filter
cassette is small enough to fit comfortably behind closely fitting welding visors.
User acceptability tests indicated that the sampler was comfortable to wear and could be easily
adjusted so that the filter cassette is located in the correct position in relation to the nose and
mouth. The sampler remained securely in place during a series of head movements.
During preliminary 30 minute welding trials, the new sampler collected small but weighable
deposits of dust/fume on the filter (50 – 110 µg). It was effectively shielded by the welding
visor from projected material produced during arc welding - a major problem with the IOM
sampler mounted on the lapel. It is therefore likely to give more realistic measurements of a
workers’ exposure.
1

The aim of this work was to assess the performance of the new sampler when exposed to
atmospheres of welding fume and other dusts. Specifically:
1) To determine how accurately the in-visor sampler estimates actual exposure to welding fume
during welding.
2) To determine how accurately the in-visor sampler estimates actual exposure to grinding dust
during grinding and fettling work with the eye guard lowered and raised.
3) To investigate the effects of visor type on sampler performance i.e. compare exposure
measurements made with the old style and new style close fitting visor.
4) To compare the performance of the in-visor sampler with IOM samplers located on the lapel.
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NEW SAMPLER DESIGN

A detailed description is given in a previous report (Thorpe, 2006), and is summarised below.
2.1

CURRENT METHOD DESCRIBED IN BS EN ISO 10882-1, 2001

The European/International standard (BS EN ISO 10882-1, 2001) on the sampling of airborne
particulates generated during welding and allied processes describes a number of in-visor
samplers, which are allowed within a defined protocol. The standard states that any sampler
used should collect the inhalable fraction of airborne particles, as defined in EN 481 (1993),
unless the measurements are made for comparison with an exposure limit, which applies to the
respirable fraction. The standard also states that the sampler should be placed in the operators
breathing zone, preferably adjacent to the operator’s nose and mouth, at mouth level, a
maximum distance of 50 mm to the right or left of the mouth and in a horizontal orientation
with the sampler facing forwards. Three methods of attachment are described which are:
sampler attached to the welder’s face shield by means of a removable clip; sampler attached to
the headband of the welders face shield harness; sampler attached to a separate headband.

Figure 1. One method of sampling welding fume described in BS EN ISO 10882-1, 2001
The European standard does not cater for close fitting welding visors and it is clear that a
smaller sampler is required.
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2.2

PROPOSED NEW DESIGN OF IN-VISOR SAMPLER

Microphone headsets are designed to hold a microphone firmly in position, close to the mouth.
This makes them ideal for an in-visor sampler since the European standard specifically requires
that the sampling head should be a maximum distance of 50 mm to the right or left of the mouth
and in a horizontal orientation with the sampler inlet facing forward. An over-the-ear method
was discarded as this was deemed to be too unstable (as found in the original Swedish sampler
design) and would more than likely result in movement of the sampling head in use. An overthe-head headset was considered, and although this held the sampler firmly in place, the band
that holds the welding visor in place was found to interfere with the headset resulting in
discomfort during use. A better method was a behind-the-head attachment, which did not
interfere with the visor attachment and also held the sampler firmly in place. After extensive
searching of the Internet, the type that was considered the best was a Plantronics “Duopro” as
shown in Figure 2.

Figure 2 Plantronics “Duopro” behind-the-head headset

The headset can be bought without the earphones and microphone and is readily available from
a number of suppliers. It is well constructed, relatively inexpensive (approximately £20 each)
and is easily adapted to incorporate a sampling head rather than a microphone. To do this a hole
was drilled in the headset to accommodate a length of 5mm diameter annealed copper tube.
This is commonly used in gas fitting, and is easily bent into shape without kinking. A modified
“Swinnex” sampling head was then attached to the end of the tube. This incorporated an “IOM
style” inlet and is shown in Figure 3. The Swinnex sampler uses a 13mm filter to capture the
particulate matter. The resultant in-visor sampler is shown in Figure 4.
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Figure 3. The modified “Swinnex” filter holder

Figure 4. Plantronics “Duopro” headset adapted as an in-visor sampler
In use, the copper tube is rotated so that it presses slightly against the cheek ensuring that the
sampling head is held firmly in place. In practice, the copper tube would be covered (with
silicone tube or similar) to prevent the face becoming stained during prolonged usage.
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3.1

EXPERIMENTAL METHODOLOGY

MEASUREMENT OF EXPOSURE TO WELDING FUME

The first part of the project compared the concentration of welding fume measured with the invisor sampler and IOM inhalable samplers located on the left and right lapel to that measured
through the mouth of a breathing manikin. The latter was deemed to be the actual or reference
exposure concentration. All measurements were made inside an experimental test cabin and the
aerosol of welding fume was generated using an automated MIG welding rig.
3.1.1

Experimental test cabin

All of the welding fume experiments were carried out inside an experimental test cabin. This
has dimensions 4 m x 4 m x 3 m high with a contraction leading to a 0.7 m square section as
shown in Figure 5. Air was pulled into the cabin using a centrifugal fan at a nominal crosssectional velocity of about 25 cm s-1. The inlet air was drawn through a bank of HEPA filters to
remove the background aerosol from the laboratory air and also created a uniform velocity
across the cabin. This ensured that any aerosol measured by the samplers was only that
produced by the welding procedure. The welding fume generated inside the cabin was vented to
the outside atmosphere.

Figure 5. Schematic of the test cabin
Heat resistant matting (“Weldstop”) was placed on the floor of the cabin since it is constructed
from plywood and any sparks generated during welding were a potential source of ignition. The
welding rig was also placed well downstream of the HEPA filters to prevent any sparks from
reaching them. The cabin has windows in one side, which were covered with UV filter material
to protect workers in the vicinity from being exposed to harmful UV radiation.
3.1.2

Automated welding system

An automated MIG welding system was available (see Figure 6) from work being carried out on
another project (Pocock et al, 2007). This was ideal for this work since it meant that the
6

welding could be carried out remotely without human intervention. This eliminated the need for
ethics approval and also made the tests much more reproducible and less labour intensive. The
automated welder used was an ESAB Aristo MIG 500, fitted with an ESAB Aristofeed 48 wire
feed unit. Although connected to the welding torch inside the test cabin, the power source was
positioned and operated from outside the cabin. The test pieces were bright mild steel bar stock
50 mm x 12.5 mm and approximately 500mm long. These were attached to a traverse system
that moved horizontally beneath the stationary welding torch, which produced the ‘bead on
plate’ weld.

Figure 6. Automated welding system
3.1.3

Breathing Manikin

The breathing manikin was assembled from an existing metal manikin that is designed to
calibrate personal samplers in workplace environments (known as CALTOOL). This comprised
the main torso with a standard manikin head placed on top as shown in Figure 7. A hole was
drilled into the mouth of the head and a standard 47 mm filter cassette was attached through the
rear of the head with its inlet passing through the hole in the mouth. This will be referred to in
this report as the “mouth sampler”. Velcro was attached to the chest region for easy placement
and removal of the IOM samplers.
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Figure 7 Breathing manikin
The mouth inlet was connected to a standard horizontal sinusoidal breathing machine of the
type used in respirator testing. This was set to draw air through the mouth inlet at an average
flow rate of 20 l min-1. This is the flowrate that was chosen in the 1980’s for work to define
inhalability and has been used since for other sampler design and testing work. It is
representative of the breathing rate for moderate work. Obviously in practice the breathing rate
will differ depending on the age, sex and general fitness of the person. The exhaled air was
originally exhausted away from the mouth, but in later tests it was exhausted back close to the
mouth. This will be explained later in the report. The breathing machine was located outside
the test cabin to prevent exposure to welding fume and any sparks emitted during welding.

Figure 8. Breathing machine
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3.1.4

Description and operation of samplers

The performance of the IOM sampler and the in-visor sampler were compared to the mouth
sampler concentration throughout all of the tests. Figure 9 shows the position of the samplers.

Figure 9. Position of samplers for welding fume tests
To start with only one IOM and one in-visor sampler was used. However, initial results showed
that the plume of fume produced during the welding process could be very directional and
therefore positioning of the samplers could be critical. Subsequently, 2 in-visor samplers were
used, one either side of the mouth. Two IOM samplers were also used, on the left and right side
of the lapel. This should not be necessary in real workplace situations since although the plume
would still be directional, air currents around the worker would be more random and turbulent,
which would aid mixing of the fume before it reached the samplers. Also, the position of the
welding torch relative to the worker would not be fixed as for the laboratory tests.
For some tests, the Swinnex cassette was removed and the in-visor sampler was connected to a
Higgins-Dewell SIMPEDS cyclone sampler via a length of flexible tubing. This was then
placed on the lapel. This was to see if the in-visor sampler could be used to measure exposure
to particulate in the respirable size range. Since respirable sized particles (those that reach the
lower gas exchange regions of the respiratory system) are less than 10 micron in size, it is likely
that the Swinnex and cyclone results will be similar.
All of the samplers were initially fitted with GF/F glass fibre filters, which have very good
weight stability - important when weighing small deposits of dust/fume. They are also capable
of trapping and collecting the small particles generated during welding. Welding typically
produces particles with a broad size distribution that have a number median diameter around
200 nm (Wake, 2001). However, most of the mass within the fume is provided by particles
larger than this. GF/F filters have a quoted retention of 700 nm, but will readily collect
particles that are much smaller than this. During testing, problems occurred with the weight
stability of the GF/F filters used with the IOM sampler and so they were subsequently replaced
9

with GLA membrane filters with a pore size of 0.8 µ m. More care needs to be taken when
weighing this type of filter since they can carry a high level of electrostatic charge, which in
turn can affect the weight stability. The charge was reduced before and after each test by
placing the filter close to a small alpha-emitting Po210 radioactive source for a few seconds.
Since the mouth sampler flow is sinusoidal, the usual method of calibrating the flow rate using a
bubble flow meter (Gilibrator) could not be used. Therefore, the flow rate was calibrated by
attaching a gas meter onto the inlet. The sampler was then run for several minutes and by
noting the gas meter reading (in m3) before and after, the total volume of air sampled was
calculated. This was divided by the sample time to obtain the average flow rate.
Air was pulled through the in-visor, IOM and cyclone samplers using flow-controlled Casella
Apex personal sampling pumps. The flow rates were set to 1, 2 and 2.2 l min-1 respectively and
were checked before and after each test using a calibrated bubble flow meter (Gilibrator Ltd).
3.1.5

Limits of detection

There was some concern that at the relatively low sampling flow rate of 1 l min-1 and short
sampling times (typically 10 minutes), the amount of welding fume collected onto the filter may
be too low to be weighable with any degree of accuracy. However, by using a 6-figure
microbalance and by using control filters to compensate for changes in atmospheric conditions
within the weighing room, it was possible to accurately weigh deposits as low as 100µ g with an
accuracy of +/- 10 µg. In practice, deposits were much greater than this.
Worker exposure limits for welding fume are typically quoted according to individual
constituent components. For example, the exposure limit for Chromium VI is 0.05 mg m-3 and
the limit of detection is 0.1 µ g. Therefore, if Chromium VI were sampled at the exposure limit,
the visor sampler would only have to run for 10 minutes to collect 0.1 µ g. Therefore, if the
sampler was run for longer than this and no Chromium VI was detected it is possible to state
that the level was below the exposure limit. A similar argument can be used for all other
components of the welding fume.
3.1.6

Description of tests

As mentioned previously, all of the welding fume tests were carried out inside an experimental
test cabin. The manikin was placed in front of the automated welder and downstream of it so
that any fume produced passed the manikin before it was extracted through the small crosssection of the cabin to the outside air. The welding torch was placed centrally in relation to the
manikin to try and ensure that the left and right samplers received similar quantities of welding
fume. The torch was fixed and the steel bar was moved in relation to it at a typical speed of 10
cm s-1. Because the automated welding rig had been loaned from the Welding Institute (TWI)
for a different project, it had to be returned midway through these tests. Therefore, an
alternative automated welding rig was constructed. This was made from an automated linear
traverse that HSL already owned and a standard MIG welder that was loaned from HSL’s
Manufacturing Services Unit. The set-up is shown in Figure 10.

10

Figure 10. Manikin set-up inside test cabin
To simulate different welding positions, tests were carried out with the manikin in a high
position, low position and a low leaning-in position. Tests were also carried out with the old
style visor and the new close fitting visor as shown in Figure 11.

Figure 11. Photograph showing manikin with old style and new close-fitting visor fitted.
The aim of the experiments was to expose the samplers to a range of welding fume
concentrations so that a graph of test sampler (in-visor, IOM and cyclone) concentration versus
reference (mouth) sampler concentration could be plotted. This was achieved mainly by
changing the speed of welding and the flow of dilution air through the test cabin.
New sampler filters were conditioned and weighed before and after each test and so knowing
the test duration, sampler flow rate and mass of fume collected on the filters the concentration
of airborne welding fume could be determined.
Initial tests were carried out using the close fitting visor and with the exhaust air from the
breathing machine directed to the general atmosphere. However, some concerns were raised
that exhaled air in the breathing region may affect the performance of the in-visor and mouth
11

samplers. Therefore to simulate exhalation, the set-up was reconfigured to take the exhaust air
and direct it through the front of the manikin head alongside the mouth. Separate inlet and
outlet tubes were used in order to minimise the deposition of particles to the walls of the inlet
tube, which should be included with those collected onto the filter. Tests were carried out with
both the old style and new close fitting visors with this configuration.
3.2

MEASUREMENT OF EXPOSURE TO SIMULATED GRINDING DUST

It is likely that a welder will be exposed to other contaminants during their working day. One
major source of exposure is dust produced during the grinding and fettling of welds. Therefore,
the second part of the project aimed to investigate the performance of the in-visor sampler and
IOM sampler when used to measure airborne grinding dust. In order to have greater control of
airborne dust concentration and to be able to investigate the effects of particle size on sampler
performance, simulated grinding dusts were employed. A dust that is available in various
particle sizes (Aluminium Oxide – Trade name “Aloxite” supplied by Washington Mills UK
Ltd) was selected as the test dust. It is an abrasive dust used mainly in grinding applications but
an additional major advantage is the narrow distribution of the particle size for each grade,
making it ideal for investigating the effects of particle size on the performance of aerosol
measuring devices (Mark et al., 1985). The particle size is quoted as “Mass median
Aerodynamic Diameter (MMAD)”. Three grades were used throughout this series of tests: 1200
(MMAD = 6µm), 600 (MMAD = 18µ m) and 320 grade (MMAD = 58µ m). The test cabin was
not available for this series of tests and so a specially constructed sealed chamber made from a
plywood framework covered in polythene sheeting was used. This had dimensions 3m x 3m
2.5m high and was not ventilated.
3.2.1

Generation and dispersion of Aloxite dust

Several methods of generating dust were available, but it was decided to use the PALAS system
of aerosol dispersal, which is capable of producing a wide range of airborne dust concentrations.
The dust is compacted into a steel cylinder to form a solid plug, which is then fed onto a rapidly
rotating stainless steel brush by means of a piston. Air is supplied to the PALAS, which passes
over the brush and removes any entrained dust. The dust then accelerates into a dispersion head,
which produces high turbulences and shear forces, which in turn aid in breaking up any
agglomerates. This results in a poly-disperse, solid aerosol that contains few agglomerates.
3.2.2

Description of tests

The PALAS dust generator was placed inside the test chamber as shown in Figure 12. It was
positioned such that the dust was emitted as a jet travelling away from the manikin. This
simulated the type of energetic emission expected from a typical grinding process. The mouth
sampler, in-visor samplers and IOM samplers were all set up as they were in the welding fume
tests. The manikin head was fitted with a clear visor of the type used for protection against
grinding dust. All of the samplers were exposed to at least 4 concentrations of 3 grades of
Aloxite dust. The tests lasted between 20 – 180 minutes depending on the concentration and
size of aerosol produced. A dust monitor (Microdust Pro, Casella Ltd) was also placed inside
the chamber to give a real-time indication of the airborne concentration. This aided in setting up
the test parameters. The filters were weighed and the pumps set up as for the welding tests.
Because a worker is likely to be exposed to general airborne contaminants whilst not welding or
grinding, tests were carried out with the visor raised as well as lowered. All tests were carried
out with the exhaust air from the manikin fed back into the breathing zone.
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Figure 12. Experimental set-up for generating aerosol of Aloxite dust
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4.1

RESULTS AND DISCUSSION

EXPOSURE TO WELDING FUME

All of the results are plotted with reference to the mouth concentration, which is considered to
be the “true” measure of worker exposure.
4.1.1

Measurement of exposure to welding fume – all results

Figure 13 shows the relationship between the concentration measured with the in-visor sampler
and the mouth sampler for all of the tests carried out. These include tests carried out with the
old and new style visor and tests carried out with the manikin just breathing in and with it
breathing in and out.

Figure 13. Relationship between in-visor sampler and Mouth sampler for all tests when
sampling welding fume
There is a good linear fit to the data and the in-visor sampler appears to oversample compared to
the mouth sampler by on average about 39%. These results are similar to those found by Chung
et al (1997) who carried out similar tests using a modified IOM sampler mounted inside the
older style welding visor. They used simulated welding fume generated by “burning off” a stick
of sodium chloride. This generated an aerosol of sodium chloride similar in size to welding
fume. The plume produced was observed to be similar to that of welding fume generated by
MIG welding. They found that their in-visor sampler overestimated exposure compared to the
manikin mouth sampler by about 24% on average, with the visor lowered.
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Figure 14 shows the relationship between the concentration measured with the IOM sampler
and the mouth sampler for all of the tests.

Figure 14. Relationship between IOM sampler and Mouth sampler when sampling welding
fume
It can be seen that there is much more scatter in the IOM data than the in-visor sampler and a
least squares fit to the data gives a much lower R2 value. The IOM sampler also overestimates
exposure by approximately 230%. The reason for this is probably the directional nature of the
plume of welding fume emitted, which meant that for most of the tests the IOM samplers were
not sampling from a properly mixed aerosol. Therefore, the quantity of fume sampled was
highly dependant on the direction that the plume took after generation. This could also explain
the much higher slope of the graph since if the plume passes directly over the sampler it will
collect much more than if the aerosol was properly mixed. It is likely that the plume has
become better mixed by the time it reaches the in-visor sampler.
4.1.2

Effects of exhaled air on sampler performance

Figure 15. Shows the effect of feeding the exhaust air from the breathing machine back close to
the mouth inlet of the manikin, thus simulating the effects of exhaled air on sampler
performance. It would appear that exhaled air causes the in-visor sampler to oversample
slightly more (about 11%) than when the manikin just breathes in.

15

Figure 15. Effects of exhaled air on the performance of the in-visor sampler.
4.1.3

Effects of visor type on performance of in-visor sampler

Figure 16. Shows the effects of changing the type of welding visor on the relationship between
the in-visor sampler and the mouth sampler.

Figure 16. Effects of visor type on the performance of the in-visor sampler
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There is more scatter in the results obtained with the old style welding visor, indicated by a
lower R2 value for the least squares fit to the data. The reason for this is not immediately
obvious, although there are more data points for the close fitting visor. By comparing the slopes
of the graphs, there appears to be negligible difference in results between the two types of visor,
with the in-visor sampler giving slightly higher results compared to the mouth sampler when
worn underneath the old style visor.
4.1.4

Difference between left and right samplers

Figures 17 & 18 show the difference between the left and right samplers for the in-visor and
IOM sampler respectively. These results include measurements made with the old and new
style visors and with and without exhaled air fed back inside the visor.

Figure 17. Bias between left and right in-visor sampler
Figure 17 shows that on average the right in-visor sampler gave a higher measurement of
airborne welding fume than the left by about 47 %. Figure 18 also shows that the right IOM
sampler measured approximately 70% higher than the left. The differences are most likely
caused by small variations in the position of the welding torch in relation to the samplers i.e. it
may have been slightly closer to the right samplers. Positioning of the torch was particularly
important for these tests because of the directional nature of the welding fume after it was
generated. If the welding fume was better mixed it is likely that the positions of the samplers
would be much less critical. In real life situations, the position of the samplers relative to the
welding torch would not be fixed as the welder goes about his or her work. The fume might
also be better mixed with the ambient air due to turbulent air currents produced within a typical
work environment. It is likely that under such variable conditions, positioning of the sampler
would be less critical. The fact that there is less difference between the left and right in-visor
samplers than the left and right IOM samplers would seem to suggest that the fume had spread
and mixed more as it travelled from the IOM samplers to the in-visor samplers. Also, the IOM
samplers mounted on the body may be affected more by local air currents, which would affect
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the local particulate concentrations. In addition, when mounted on the lapel the samplers are
about 30 cm apart, whilst inside the visor they are only about 10 cm apart.

Figure 18. Bias between left and right IOM sampler
The tests carried out with the simulated grinding dust, produced a much more mixed aerosol
within the sampling region. The results are discussed in Section 4.2.
4.1.5

Position of the manikin

The effects on measured exposure to welding fume of moving the position of the manikin in
relation to the welding torch are shown in Figure 19.

Figure 19. Effects of manikin position on measurement of exposure to welding fume
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The three positions for the manikin were high upright, low upright and low but leaning in
slightly. Figure 19 shows that the position of the manikin has little effect on the performance of
the in-visor sampler. Similar comparisons were not possible with the IOM sampler because of
problems encountered in weighing the filters during this series of tests.
4.1.6

Comparison of Swinnex sampler and SIMPEDS cyclone sampler
inside welding visor

Figure 20 compares the performance of the Swinnex sampler with a SIMPEDS cyclone sampler
when worn underneath an old style-welding visor.

Figure 20. Comparison of performance of Swinnex sampler with SIMPEDS cyclone worn
underneath an old style-welding visor.
It can be seen from the limited number of data points that the two samplers appear to agree quite
closely, although there is considerable scatter in the results. Such agreement is not unexpected
since welding fume has a very small particle size, typically less than 200 nm, and so all of the
particulate is within the respirable size range. For particles as small as this, the sampling
efficiency of both the SIMPEDS cyclone (respirable) and Swinnex (inhalable) samplers will
approximate to 100%. Therefore, the in-visor sampler in conjunction with a SIMPEDS cyclone
shows potential as a method of measuring “true” breathing zone exposure to the respirable
fraction of airborne particulate when wearing a protective face shield (in this case a welding
visor). However, further work is required to fully validate its performance.
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4.2

EXPOSURE TO DUSTS

It is likely that a welder will be exposed to particulate other than welding fume during his/her
working shift. One likely source of such particulate is the grinding and fettling of welds. It is
also likely that exposure will take place with the visor both raised and lowered. Therefore, these
results compare measurements made with the mouth sampler, in-visor sampler and IOM
sampler both with the visor raised and lowered and for a range of particle sizes. All of the
graphs of in-visor/IOM concentration versus mouth concentration are shown in Appendix A for
all particle sizes generated.

4.2.1

Comparison of in-visor concentration with mouth concentration

The slopes of the graphs of in-visor concentration versus mouth concentration (given in
Appendix A) are plotted against particle size and shown in Figure 20.

Figure 20. Comparison of in-visor sampler with mouth sampler for various particle sizes
Firstly, it can be seen that the in-visor sampler and mouth sampler agree very closely when the
visor is lowered. When the visor is raised, the in-visor sampler oversamples slightly which
appears to increase as the particle size increases. However, even at the largest particle size the
in-visor sampler only oversamples by about 20%. Overall the in-visor sampler gives a good
approximation of the airborne dust concentration that a person actually breathes in i.e. their
“true” exposure.
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4.2.2

Comparison of IOM concentration with mouth concentration

The slopes of the graphs of IOM concentration versus mouth concentration (given in Appendix
A) are plotted against particle size and shown in Figure 21.

Figure 21. Comparison of IOM sampler with mouth sampler for various particle sizes
It can be seen from Figure 21 that the airborne concentration measured with the IOM sampler is
on average approximately 50% higher than that measured with the mouth sampler with the visor
raised. The degree of over-sampling also appears to increase slightly with increasing particle
size in a similar way to the in-visor sampler. With the visor lowered, the IOM sampler
overestimates exposure by a similar amount for the 6 & 18 µm particle sizes as with the visor
raised. However, for the 58µ m particles, the IOM sampler overestimates exposure by almost
400% compared to the mouth sampler. Therefore, the visor would appear to offer minimal
protection against exposure to smaller particle sizes, but can substantially reduce exposure to
large particulate.
For both the in-visor sampler and IOM sampler, a least squares linear fit to the data gives an R2
value very close to unity for the 6 and 18 µm particles as shown by the graphs in Appendix A.
There was more scatter in the results when sampling the 58µ m particles especially for the IOM
sampler. This is probably attributable to: a) poorer mixing of the larger particulate; b) smaller
quantities of dust collected on the filters, resulting in greater weighing inaccuracies and c)
difficulty in handling the exposed filters where the larger particles were more easily lost from
the surface of the filter during transportation.
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4.2.3

Comparison of the left and right samplers

Section 4.1.4 showed that there was a difference between the left and right in-visor and IOM
samplers for welding fume, which was attributed to a combination of the positioning of the
welding torch relative to the samplers and poor mixing of the fume. As the dust produced by
the PALAS dust generator was directed away from the manikin, it had greater opportunity to
mix with the air in the test room before entering the vicinity of the manikin. This resulted in
little bias between the 2 samplers especially for the smaller particle sizes. This was the case for
both the in-visor sampler and the IOM sampler as shown in Table 1.

TABLE 1 Bias between left and right samplers
It can be seen that there is a bias of less than 5% between the left and right samplers for particle
sizes 6 and 18 µm. There is a greater bias when sampling the larger 58µm particles. This is not
surprising since it is more difficult to thoroughly mix larger particulate because they do not
follow the air flow patterns as readily and tend to fall out of the air more rapidly under the
effects of gravity.
4.3

COMPARISON WITH THE SWEDISH IN-VISOR SAMPLER

The design of the Swedish in-visor sampler is similar to the sampler described in this paper. It
utilises a behind-the-ear method of holding the sampler in place and uses the same type of filter
cassette and inlet. It operates at a slightly lower flow rate of 0.75 l min-1 whereas the HSL
design operates at 1 l min-1, although it is not anticipated that this would affect the performance
greatly. The Swedish sampler was found to undersample (by up to 26%) when measuring
welding aerosol mass, especially for coarser aerosols, compared to the IOM sampler. However,
they mounted their samplers as static samplers in the workplace and the IOM and visor samplers
were in close proximity and were rotated periodically so that they were exposed essentially to
the same aerosol. The work carried out by HSL used the manikin mouth as the reference
sampler and the IOM samplers and in-visor samplers were separated by about 30cm.
Additionally, for this work the mini-sampler was mounted beneath the visor. For these reasons
it would be difficult to compare the two pieces of work directly. However, it can be concluded
that:
1) The Swedish sampler generally compares favourably with the IOM sampler especially when
used to measure manganese. However, its performance when mounted beneath the visor is not
described other than to estimate how it might perform when challenged by the coarser aerosol
expected during personal in-visor sampling.
2) The work carried out at HSL compared the performance of their in-visor sampler with actual
exposure measured using a sampler mounted directly in the mouth of a manikin. It has shown
that although it overestimates exposure by about 40% it still gave a much better indication than
an IOM sampler mounted on the lapel outside the visor. The performance of the IOM sampler
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can be influenced greatly by the directional nature of the welding plume, which results in high
concentration gradients over relatively short distances.

23

5

CONCLUSIONS OF CURRENT WORK

HSL has designed an aerosol sampler that fits securely and unobtrusively underneath the new
type of close fitting welding visor. It can be positioned close to the mouth and can therefore be
used to measure exposure to welding fume and general airborne dusts with both the visor raised
and lowered. Results have shown that the new in-visor gives a much closer approximation of
worker exposure than commonly used samplers such as the IOM sampler, especially with the
visor lowered. Specifically:
5.1

WHEN USED TO MEASURE WELDING FUME
•

•
•

•
•
•

5.2

Although on average the in-visor sampler oversamples by about 40% compared to the
manikin mouth sampler, it still gives a better measure of a workers true exposure to
welding fume than the IOM sampler placed on the lapel, which oversampled by
approximately 230%. There was also considerably more variability in the IOM results
than the in-visor results given by the respective R2 values of 0.82 and 0.94 when plotted
against measurements made with the reference mouth sampler.
The performance of the in-visor sampler appeared to be largely unaffected by the type
of welding visor being worn.
Both the right IOM and in-visor samplers gave a higher measurement than the left. This
was thought to be due to a combination of the positioning of the welding torch relative
to the sampler inlets and the directional nature of welding fume. In real life situations
this should not be a problem since the position of the samplers relative to the welding
torch would be much more variable as the welder goes about his or her work.
The vertical position of the manikin relative to the welding torch had little effect on the
average concentration measurements made with the left and right in-visor samplers.
The in-visor sampler was successfully modified using a SIMPEDS cyclone worn on the
lapel to measure the respirable fraction of airborne welding fume. However, further
work is required to fully characterise and validate its performance.
The effects of exhaled air on the performance of the in-visor sampler appeared to be
small. Exhaled air caused the in-visor sampler to oversample slightly more than when
the manikin just breathed in.
WHEN USED TO MEASURE GENERAL AIRBORNE DUSTS

•
•

When used to sample dusts in the size range 6 to 58 µ m, the in-visor sampler agreed
closely with the mouth sampler with the visor both raised and lowered.
The IOM sampler oversampled compared to the mouth sampler especially for large
particles and with the visor lowered - by about 400% for 58µ m particles. This is
because the visor offers a degree of protection especially for larger particles
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6

IMPLICATIONS FOR CURRENT STANDARD METHODS

The methodology used to determine the performance of the in-visor sampler in these tests was
to mount the sampler and the welder’s visor to a breathing manikin to calculate a relative
sampling efficiency, by comparing the mass concentration of particles collected by sampler with
that collected by the mouth of the manikin during automatic welding. This technique attempts
to provide (as closely as possible) reliable information that is relevant to the use of the sampler
in practice, and was first used by Chung et al (1999) to evaluate the protocol proposed in the
then new draft standard for exposure measurement to welding fume (BS ISO EN 10882-1).
The main aim of their work was to compare the relative sampling efficiencies of the various
samplers used by the UK, France, Denmark and Germany to measure personal exposure to
welding fume. Apart from the German sampler, which was positioned under the chin, all
samplers were mounted behind the welder’s face shield (visor) on both sides of the face. In an
extensive study, using different types of welding, they found that all sampler types gave similar
relative sampling efficiencies with overall averages between 1.22 and 1.37 and individual
standard deviations ranging from 0.2 to 0.37. This was good news for the standards writers as it
meant that sampler design options allowed by the protocol of the draft standard were unlikely to
affect significantly any fume exposures measured.
However, with the increasing use of closer-fitting visors, many occupational hygienists have
resorted to positioning the sampler on the welder’s shoulder in the lapel position, as all of the
standard samplers would not fit comfortably behind the visor – an option that was in
contravention of the standard and may have resulted in inaccurate assessment of exposure. This
led researchers in Sweden and the UK to investigate the use of the much smaller 13 mm
diameter sampling head, as described in this report. The average relative sampling efficiency
found for the in-visor sampler of 1.39 is close to the results found for the larger samplers tested
by Chung et al., and so it can be considered as a suitable sampler design by the requirements of
the welding standard (BS ISO EN 10882-1).
In the meantime, this standard is being revised, and in the latest version (EN_ISO-WD108821.4), recommendations for the characteristics of the ideal mounting arrangements for samplers
behind the visor are given and the current designs are reviewed. The miniature in-visor sampler
is the only design to have positive scores for all characteristics apart from the ability to
simultaneously collect the respirable and inhalable aerosol fractions. Preliminary results found
in this study show that this may be resolved by using two samplers simultaneously – one with a
lapel-mounted cyclone attached to the sampler entry behind the visor via a short conducting
tube and one with the 13 mm filter holder.
Finally, this study reports for the first time, the effect of breathing out inside the visor on the
relative sampling efficiency; in the study by Chung et al, air was exhausted through the pump.
A small increase in relative sampling efficiency was found for the in-visor sampler. The
performance of other samplers is unknown.
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APPENDIX A

6µm particle size

18µm particle size
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58µm particle size

6µm particle size
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18µm particle size

58µm particle size
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In visor testing
New types of welding visor are becoming
increasingly popular amongst welders. These fit
much closer to the face than the old type of visor
and usually contain quick reaction glass that
darkens as soon as the welder ‘strikes up’ and UV
radiation is emitted. Current recommended methods
for sampling welding fume beneath visors are
unsuitable because of the large size of the sampling
head, which will not physically fit behind the new
type of visor. The aim of this work was to assess
the performance of a smaller sampler that has been
designed by HSL to fit comfortably underneath the
new types of close fitting welding visor. This locates
close to the mouth and therefore samples airborne
particles in the worker’s immediate breathing zone
thereby giving a measure of ‘true’ exposure. The
work set out specifically to:
n

n

n

n

Determine how accurately the in-visor sampler
estimates actual exposure to welding fume
during welding.
Determine how accurately the in-visor sampler
estimates actual exposure to grinding dust
during grinding and fettling work with the eye
guard lowered and raised.
Investigate the effects of visor type on
sampler performance i.e. compare exposure
measurements made with the old style and
new style close fitting visor.
Compare the performance of the in-visor
sampler with IOM samplers located on the lapel.
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