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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with 1SO, also take part in the work. 1ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 10882-1 was prepared by Technical Committee ISO/TC 44, Welding and allied processes, Subcommittee
SC 9, Health and safety.

This second edition cancels and replaces the first edition (ISO 10882-1:2001), which has been technically
revised.

ISO 10882 consists of the following parts, under the general title Health and safety in welding and allied
processes — Sampling of airborne particles and gases in the operator's breathing zone:

— Part 1: Sampling of airborne particles
— Part 2: Sampling of gases
Requests for official interpretations of any aspect of this part of 1ISO 10882 should be directed to the

Secretariat of ISO/TC 44/SC 9 via your national standards body. A complete listing of these bodies can be
found at www.iso.org.

© 1SO 2011 — All rights reserved
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Introduction

The health of workers in many industries is at risk through exposure by inhalation to airborne particles
generated by welding and allied processes (welding fume) and other airborne particles generated by welding-
related operations, e.g. grinding. Industrial hygienists and other public health professionals need to determine
the effectiveness of measures taken to control workers' exposure to these harmful substances and this is
generally achieved by making personal exposure measurements.

This part of ISO 10882 specifies a sampling method for welding fume and airborne particles generated by
welding-related operations for the purpose of making personal exposure measurements in the operator's
breathing zone. It is intended to be of benefit to: agencies concerned with health and safety at work, industrial
hygienists and other public health professionals, industrial users of welding and allied processes and their
workers, and analytical laboratories.

It has been assumed in the drafting of this part of ISO 10882 that the execution of its provisions, and the
interpretation of the results obtained, is entrusted to appropriately qualified and experienced people.
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Health and safety in welding and allied processes — Sampling
of airborne particles and gases in the operator's breathing
zone —

Part 1:
Sampling of airborne particles

1 Scope

This part of ISO 10882 specifies a procedure for sampling airborne particles in the breathing zone of a person
who performs welding and allied processes (the operator). It also provides details of relevant standards that
specify required characteristics, performance requirements and test methods for workplace air measurement,
- and augments guidance provided in EN 689 on assessment strategy and measurement strategy. This part of
IS0 10882 also specifies a procedure for making gravimetric measurements of personal exposure to airborne
" particles generated by welding and allied processes (welding fume) and other airborne particles generated by
- welding-related operations. Additionally, it provides references to suitable methods of chemical analysis,
© specified in other standards, to determine personal exposure to specific chemical agents present in welding
- fume and other airborne particles generated by welding-related operations.

The general background level of airborne particles in the workplace atmosphere influences personal exposure
and therefore the role of fixed-point sampling is also considered.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 15767, Workplace atmospheres — Controlling and characterizing uncertainty in weighing collected
aerosols

EN 482:2006, Workplace atmospheres — General requirements for the performance of procedures for the
measurement of chemical agents

EN 689, Workplace atmospheres — Guidance for the assessment of exposure by inhalation to chemical
agents for comparison with limit values and measurement strategy

EN 13205, Workplace atmospheres — Assessment of performance of instruments for measurement of
airborne particle concentrations
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1 General definitions

3.1.1

chemical agent

any chemical element or compound, on its own or admixed, as it occurs in the natural state or as produced,
used or released, including release as waste, by any work activity, whether or not produced intentionally and
whether or not placed on the market

[Council Directive 98/24/ECI19], Art. 2 a)]

3.1.2
breathing zone
space around the nose and mouth from which breath is taken

NOTE Technically the breathing zone corresponds to a hemisphere (generally accepted to be 30 cm in radius)
extending in front of the human face, centred on the mid point of a line joining the ears. The base of the hemisphere is a
plane through this line, the top of the head and the larynx. This technical description is not applicable when respiratory
protective equipment is used.

[EN 1540:—[15]]

3.1.3
exposure
(inhalation) situation in which a chemical (or biological) agent is present in the air that is inhaled by a person

[EN 1540:—[15]]

3.14

occupational exposure limit value

limit of the time-weighted average of the concentration of a chemical agent in the air within the breathing zone
of a worker in relation to a specified reference period

[Council Directive 98/24/EC[19], Art. 2 d)]

NOTE Limit values are mostly set for reference periods of 8 h, but can also be set for shorter periods or
concentration excursions. Limit values for gases and vapours are stated in terms independent of temperature and air
pressure variables in millilitres per cubic metre and in terms dependent on those variables in milligrams per cubic metre for
a temperature of 20 °C and a pressure of 101,3 kPa. Limit values for airborne particles as well as mixtures of particles and
vapours are given in milligrams per cubic metre or multiples of that unit for actual environmental conditions (temperature,
pressure) at the workplace. Limit values of fibres are given in number of fibres per cubic metre or number of fibres per
cubic centimetre for actual environmental conditions (temperature, pressure) at the workplace.

3.15

reference period

specified period of time for which the occupational exposure limit value of a chemical or biological agent
applies

NOTE The reference period is usually 8 h for long term measurements and 15 min for short term measurements.

[EN 1540:—[15])

3.1.6

time-weighted average concentration

TWA concentration

concentration of a chemical agent in the atmosphere, averaged over a reference period

[ISO/TR 25901:2007(12]]

© 1SO 2011 — All rights reserved
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3.1.7
total airborne particles
all particles surrounded by air in a given volume of air

NOTE Because all measuring instruments are size selective to some extent, it is often impossible to measure the
total airborne particle concentration.

[ISO 7708:1995[5]]

3.1.8
work pattern
sequence of activities carried out by the worker during the period under consideration

3.1.9
workplace
designated area or areas in which the work activities are carried out

[EN 1540:—I[15]]

3.2 Sampling definitions

3.2.1

aerosol sampler

(airborne) particle sampler

(airborne) particulate sampler

sampler that is used to transport airborne particles to a collection substrate

NOTE1 The term aerosol sampler is commonly used although it is not in line with the definition of aerosol given in
EN 1540:—I15], 2.2.4,

NOTE 2  The transport can be either active or passive.
[EN 1540:—I[15]]

3.2.2

(air) sample

product of the process of air sampling

NOTE An air sample is frequently considered to include the collection substrate(s) as well as the collected chemical
and/or biological agents; or sometimes it is considered to be the fractional part of a larger volume of air.

[EN 1540:—I[15]]
3.2.3
(air) sampling

process consisting of the separation of chemical and/or biological agents from air onto a collection substrate,
or the withdrawal or isolation of a fractional part of a larger volume of air

[EN 1540:—I[15]]
3.24
collected sample

airborne particles collected on the sampling media (e.g. filter, foam or impaction plate) for subsequent analysis

NOTE Sample deposits in other parts of the sampler such as inner walls are only included in the collected sample
where the method description includes specific instructions for the recovery of such deposits.

[EN 15051:2006[17]]
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3.25

collection substrate

sampling substrate

collection medium

sampling medium

medium on which airborne chemical and/or biological agents are collected for subsequent analysis

NOTE Filters, polyurethane foams and sampling cassettes are examples of collection substrates for airborne
particles.

[EN 1540:—[15]]

3.2.6
inhalable fraction
mass fraction of total airborne particles which is inhaled through the nose and mouth

NOTE The inhalable fraction depends on the speed and direction of the air movement, on the rate of breathing and
other factors.

[ISO ?708:1995[5]]

3.2.7
inhalable sampler
aerosol sampler that is used to collect the inhalable fraction

[EN i540:—[151]

3.2.8

key component of awelding fume

component of a welding fume that has the greatest occupational hygienic significance and therefore requires
the most stringent control measures to ensure that a welder is not exposed to an excessive level of the
substance concerned, i.e. it is the component whose limit value is exceeded at the lowest welding fume
concentration

[ISO 15011-4:2006[6]]
3.2.9

personal sample
product of the process of personal sampling

[EN 1540:—[15]]

3.2.10

personal sampler
personal sampling device

sampler, attached to a person, that collects gases, vapours or airborne particles in the breathing zone to
determine exposure to chemical and/or biological agents

[EN 1540:—[15]]
3.2.11
personal sampling

process of (air) sampling carried out using a personal sampler

[EN 1540:—[15]]

© 1SO 2011 — All rights reserved
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3.2.12
respirable fraction
mass fraction of inhaled particles which penetrate to the unciliated airways

[ISO 7708:1995[5]]

3.2.13
respirable sampler
aerosol sampler that is used to collect the respirable fraction

[EN 1540:—I[15]]

3.2.14

sampler

(air) sampler

device for separating chemical and/or biological agents from the surrounding air

NOTE (Air) samplers are generally designed for a particular purpose, e.g. for sampling gases and vapours or for
sampling airborne particles.

3.2.15

screening measurements of time-weighted average concentration

measurements performed to obtain basic information on the exposure level in order to decide whether an
exposure problem exists and if so, to further investigate it

NOTE 1  Screening measurements of time-weighted average concentration can also be used to determine if exposure
is well below or well above the limit value.

NOTE 2  Adapted from EN 482:2006.

3.2.16
screening measurements of variation of concentration in time/and or space
measurements performed to provide information on the likely pattern of concentration of chemical agents

NOTE 1  Screening measurements of variation of concentration in time/and or space can be used to identify locations
and periods of elevated exposure and to set the duration and frequency of sampling for measurements for comparison
with limit values. Emission sources can be located and the effectiveness of ventilation or other technical measures can be
estimated.

NOTE 2  Adapted from EN 482:2006.

3.2.17

worst case measurements

screening measurements of time-weighted average concentration made to identify work activity during which
highest exposure occurs

NOTE Adapted from EN 482:2006.

3.3 Welding terms

3.3.1

filler material

welding consumable added during welding to form the weld

[ISO/TR 25901:2007(12]]

EXAMPLES Welding rods, wire, stick electrodes.
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3.3.2
harness
assembly that provides a means of maintaining a welder's face shield in position on the head

[EN 175:1997[13]]

3.3.3

headband

that part of the harness to which the welder's face shield is fixed and which surrounds the head, or that part of
the welder's goggles or welder's spectacles which secures the goggles or spectacles onto the head

[EN 175:1997[13]]

3.34
operator
person who performs welding and allied processes

3.35
operator's breathing zone
restricted breathing zone, behind a face shield

NOTE It is essential to sample as near as possible to the operator's nose and mouth when measuring exposure to
welding fume because of the very steep concentration gradients that occur in the immediate vicinity of the plume. Sample
behind a welder's face shield, when one is worn, since it is the air in this region that is inhaled.

3.3.6

welder's face shield

welder's shield worn on the head and in front of the face, usually secured in position by a harness to give
protection to the eyes and face when fitted with the appropriate filter(s)

[EN 175:1997[13]]
3.3.7
welder's goggles

device, held in position usually by a headband, enclosing the orbital cavity, into which radiation arising from
welding and allied processes can penetrate only through filter(s) and, where provided, filter cover(s)

[EN 175:1997013]]
3.3.8

welder's hand shield
welder's shield held in the hand to give protection to the eyes and face when fitted with the appropriate filter(s)

[EN 175:1997[13]]

3.3.9

welder's shield

welding protector providing protection of the face, eyes and throat of the operator, being equipped with an
appropriate ocular protection filter

[CEN/TR 14599:2005[1€]]

3.3.10

welder's spectacles

frame, with lateral protection, holding suitable filters in front of the eyes, to give them protection

NOTE It may usually be held in position with sidearms or a headband fitting.

[EN 175:1997(13]]

© 1SO 2011 — All rights reserved
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3.3.11

welding (and allied processes)

joining process in which two or more parts are united, producing a continuity in the nature of the workpiece
material(s) by means of heat or pressure or both, and with or without the use of filler material

[ISO/TR 25901:2007[12]]
NOTE Low-temperature processes such as soldering are excluded.

3.3.12
welding fume
airborne particles generated during welding

NOTE Adapted from CEN/TR 14599:2005[16],

3.3.13

welding protector

device which provides protection to the wearer against harmful optical radiation and other specific hazards
generated by welding and allied processes

NOTE A welding protector may be a welder's shield, welder's goggles or welder's spectacles.
[EN 175:1997[13]]

3.3.14
welding-related operations
operations other than welding and allied processes carried out by the operator

3.4 Statistical terms

34.1
bias
difference between the expectation of a test result or measurement result and a true value

NOTE 1  Bias is the total systematic error as contrasted to random error. There may be one or more systematic error
components contributing to the bias. A larger systematic difference from the true value is reflected by a larger bias value.

NOTE 2 The bias of a measuring instrument is normally estimated by averaging the error of indication over an
appropriate number of repeated measurements. The error of indication is the: “indication of a measuring instrument minus
a true value of the corresponding input quantity”.

NOTE 3  In practice, the accepted reference value is substituted for the true value.
[ISO 3534-2:2006(3]]

3.4.2

expanded uncertainty

quantity defining an interval about the result of a measurement that may be expected to encompass a large -
fraction of the distribution of values that could reasonably be attributed to the measurand :

[ISO/IEC Guide 98-3:2008[]]
3.4.3

measurand

quantity intended to be measured

[ISO/IEC Guide 99:2007(2]]
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3.44
precision
closeness of agreement between independent test/measurement results obtained under stipulated conditions

NOTE 1 Precision depends only on the distribution of random errors and does not relate to the true value or the
specified value.

NOTE 2  The measure of precision is usually expressed in terms of imprecision and computed as a standard deviation
of the test results or measurement results. Less precision is reflected by a larger standard deviation.

NOTE 3  Quantitative measures of precision depend critically on the stipulated conditions. Repeatability conditions and
reproducibility conditions are particular sets of extreme stipulated conditions.

[ISO 3534-2:2006[3]]

3.45

true value

value which characterizes a quantity or quantitative characteristic perfectly defined in the conditions which
exist when that quantity or quantitative characteristic is considered

NOTE The true value of a quantity or quantitative characteristic is a theoretical concept and, in general, cannot be
known exactly.

[ISO 3534-2:200603]]

3.4.6

measurement uncertainty

uncertainty of measurement

uncertainty

non-negative parameter characterizing the dispersion of the quantity values being attributed to a measurand,
based on the information used

NOTE 1 The parameter may be, for example, a standard deviation called standard measurement uncertainty (or a
specified multiple of it), or the half-width of an interval, having a stated coverage probability.

NOTE 2  Measurement uncertainty comprises, in general, many components. Some of these may be evaluated by Type
A evaluation of measurement uncertainty from the statistical distribution of the quantity values from series of
measurements and can be characterized by standard deviations. The other components, which may be evaluated by Type
B evaluation of measurement uncertainty, can also be characterized by standard deviations, evaluated from probability
density functions based on experience or other information.

[ISO/IEC Guide 99:2007(2]]

4 Principle

Airborne particles are collected by drawing a known volume of air through a collection substrate, e.g. a filter,
mounted in a sampler designed to collect the appropriate fraction of airborne particles. For personal sampling,
the sampler is positioned in the operator's breathing zone, which is inside the welder's face shield, when one
is worn. In such instances, it is necessary to use a mounting arrangement that enables the sampler to be
maintained in position in the operator's breathing zone throughout the sampling period without impeding
normal work activity. Exposure to airborne particles from welding and allied processes (welding fume) and
airborne particles from welding-related operations can be determined by gravimetric analysis of the sample, if
desired. Exposure to specific chemical agents in welding fume and airborne particles from welding-related
operations is determined by chemical analysis of the sample.

© 1SO 2011 — All rights reserved
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5 Requirement

Procedures used for assessment of personal exposure to welding fume and other airborne particles generated
by welding-related operations shall meet the requirements of EN 482.

6 Equipment

6.1 Sampling equipment

6.1.1 Samplers, designed to collect the relevant health-related fraction of airborne particles, as defined in
ISO 7708[5], complying with the provisions of EN 13205 over the particle size range relevant for welding fume
and airborne particles generated by welding-related operations. See 9.1 for selection of samplers.

NOTE 1 Some inhalable samplers are designed to collect the inhalable fraction of airborne particles on the collection
substrate, so that any particulate matter deposited on the internal surfaces of the sampler is not of interest. Other inhalable
samplers are designed such that airborne particles which pass through the entry orifice(s) match the inhalable convention,
in which case particulate matter deposited on the internal surfaces of the sampler does form part of the sample. (Samplers
of this second type generally incorporate a sampling cassette that can be removed from the sampler to enable this
material to be easily recovered.) The operating instructions supplied by the manufacturer generally state whether
particulate matter deposited on the internal surfaces of the sampler forms part of the sample.

NOTE 2  The performance tests described in EN 13205 are not carried out with samplers mounted behind a welder's
face shield. Therefore it cannot be said with certainty that an inhalable sampler that meets the requirements of EN 13205
samples the inhalable fraction of airborne particles with the prescribed performance characteristics when used behind a
welder's face shield.

NOTE 3 In general, personal samplers for collection of the inhalable fraction of airborne particles do not exhibit the
same size-selective characteristics if used for fixed-point sampling.

6.1.2 Equipment for mounting samplers in the operator's breathing zone, in the manner prescribed in
9.3.1.

6.1.3 Collection substrates, suitable for use with the samplers (6.1.1), with a collection efficiency of not
less than 99,5 % for particles with a 0,3 um diffusion diameter (see 1SO 7708:1995[51, 2.2, Note), and
manufactured from a material that is compatible with the sample preparation and analysis method. See
Reference [20] for information on collection efficiency of filters.

The collection substrates used in the gravimetric method described shall be fit for purpose, e.g. sufficiently
resistant to moisture retention and not excessively friable. See ISO 15767 for further assistance.

If chemical analysis of the sample is to be carried out, the collection substrates shall not be manufactured of a
material that can react with the chemical agents to be determined. See 1SO 15202-1[71 and 1SO 16740191 for
further assistance.

6.1.4 Sampling pumps, with an adjustable flow rate, capable of maintaining the selected flow rate
(see 9.2.3) to within £5 % of the nominal value throughout the sampling period (see 8.4).

For personal sampling, the pumps shall be capable of being worn by the worker without impeding normal work
activity.

The pump shall have, as a minimum, the following features:
— an automatic control that keeps the volume flow rate constant in the case of a changing back pressure;
— either a malfunction indicator which, following completion of sampling, indicates that the air flow has been

reduced or interrupted during sampling, or an automatic cut-out, which stops the pump if the flow rate is
reduced or interrupted;
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— a facility for the adjustment of flow rate, such that it can only be actuated with the aid of a tool (e.g.
screwdriver) or requires special knowledge for operation (e.g. via software), so as to preclude inadvertent
readjustment of the flow rate during use;

— aflow rate pulsation that does not exceed 10 %.

An integral timer is a highly desirable additional feature.

NOTE EN 1232:1997([14] requires that the performance of the pumps be such that:

— aflow rate set within the nominal range does not deviate by more than +5 % from the initial value under increasing
back pressure;

— within the range of ambient temperatures from 5 °C to 40 °C, the flow rate measured under operating conditions
does not deviate by more than +5 % from the flow rate at 20 °C;

— the operating time is at least 2 h, and preferably 8 h;

— the flow rate does not deviate by more than £5 % from the initial value during the operating time.
If the sampling pump is used outside the range of conditions specified in EN 1232:1997[14], appropriate action
should be taken to ensure that the performance requirements are met. For instance, at sub-zero temperatures
it might be necessary to keep the pump warm by placing it under the worker's clothes.
6.1.5 Flow meter, portable, with a measurement uncertainty <2,5 %.
The calibration of the flow meter shall be checked against a primary standard, i.e. a flow meter whose
accuracy is traceable to national standards. If appropriate (see 9.1.4), the atmospheric temperature and
pressure at which the calibration of the flow meter is checked shall be recorded.
NOTE See EN 482:2006, Table C.1, for examples of the measurement uncertainty of different flow meters.

6.1.6 Ancillary equipment.

6.1.6.1 Flexible tubing, of a diameter suitable for making a leakproof connection from the samplers
(6.1.1) to the sampling pumps (6.1.4).

6.1.6.2 Belts or harnesses, to which the sampling pumps can conveniently be fixed (except where the
sampling pumps are small enough to fit in an operator's pockets).

6.1.6.3 Tweezers, flat-tipped, for loading and unloading collection substrates into samplers.

6.1.6.4 Transport cassettes or other suitable containers, to hold collection substrates while they are
conditioned for weighing, if required, and to transport collection substrates to the laboratory.

6.1.6.5 Thermometer, 0°C to 50 °C, graduated in divisions of 1°C or better, for measurement of
atmospheric temperature, if required (see 9.1.4).

For applications at temperatures below freezing, the range of the thermometer shall extend to the appropriate
desired range.

6.1.6.6 Barometer, suitable for measurement of atmospheric pressure, if required (see 9.1.4).

6.2;& Weighing equipment, if required

6.2.%,1 Analytical balance, capable of weighing to +0,01 mg, calibrated with masses traceable to national
standards. The balance shall be set up and operated according to the manufacturer's instructions and its
calibration shall be checked before use.

© 1SO 2011 — All rights reserved
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6.2.2 Electrostatic charge neutralizer, for dissipation of electrostatic charge during handling of substrates
and weighing. If a radioactive source is used, its recommended useful life shall be observed, and national
legislation dealing with maintenance, monitoring and disposal of the source shall be complied with.

7 Assessment strategy

EN 689 gives guidance for the assessment of exposure by inhalation to chemical agents in workplace
atmospheres. The generalized assessment strategy it describes shall be observed. This could involve:

a) an initial appraisal of the likelihood of exposure to airborne particles, e.g. by using known information
about the process and workplace factors;

b) a basic survey to provide quantitative information about likely exposure, e.g. by using existing exposure
data from comparable processes;

c) amore detailed survey involving workplace measurements.

8 Measurement strategy

8.1 General

Refer to EN 689 for generalized guidance on measurement strategy. EN 689 highlights the need to take an
approach which makes the most efficient use of resources by making full use of screening measurements and
worst case measurements when it is suspected that exposure levels are well below or above the limit values.
The following guidelines, specific for measurement of personal exposure to airborne particles generated by
welding and allied processes, and welding-related operations, is given to supplement the guidance given in
EN 689.

8.2 Personal exposure measurement
Personal sampling shall be performed behind a welder's face shield, when worn.

The highest concentration of airborne particles usually occurs in the immediate vicinity of the operator and it is
therefore essential that personal exposure measurements be made in the operator's breathing zone.

In order to perform personal sampling behind a welder's face shield, it is necessary to use a mounting
arrangement that enables the sampler to be maintained in position in the operator's breathing zone
throughout the sampling period without impeding normal work activity.

If the welder's face shield is completely removed during the sampling period (i.e. not simply raised) and the

mounting arrangement is such that the sampler does not remain in the breathing zone, the sampler shall be
repositioned on the operator's collar.

8.3 Fixed-point measurements
Fixed-point measurements may be carried out, if desired.

NOTE Fixed-point measurements can be used to characterize the background level of airborne particles in the
workplace. They can also be useful for assessment of the exposure of other persons to welding fume and other airborne
particles generated by welding-related operations, e.g. persons in adjacent locations or in overhead cranes, and they can
give an indication of the efficiency of ventilation.
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8.4 Selection of measurement conditions and measurement pattern

8.4.1 General

The sampling procedure shall be devised to cause the least possible interference with operators and the
normal performance of their job and to provide samples that are representative of normal working conditions
and compatible with subsequent methods of analysis.

The pattern of measurement shall take into consideration practical issues, such as the frequency and duration
of different work activities, and the nature of the measurement task.

Every operator shall be the subject of a separate exposure assessment, although this does not necessarily
imply a need to make separate measurements for the operator concerned.

NOTE Personal exposure to airborne particles from welding and allied processes and welding-related operations can
be very variable over a work period. The pattern of exposure depends on the nature of the job and its location, the use of
hygiene controls, the work technique of the operator and the work pattern. Many of these variables are subject to the
control of the operator and sampling strategies designed to assess the exposure of an individual operator, as
representative of a group carrying out similar work, are not appropriate.

8.4.2 Screening measurements of time-weighted average concentration and worst case
measurements

Screening measurements of time-weighted average concentration may be carried out in the initial stages of a
survey to obtain clear information about the level and pattern of exposure.

Worst case measurements may also be carried out. If the results of such measurements show that exposure
is significantly below limit values, this indicates that there is adequate control and measurements of time-
weighted average concentration for comparison with limit values are not necessary.

If results indicate that exposure is significantly above limit values, control measures are inadequate. In such
instances, control measures in place shall be reviewed and measurements shall be repeated after
improvements have been made.

NOTE The margins above and below limit values that are acceptable depend upon relevant national regulatory
requirements and/or practice.

8.4.3 Measurements for comparison with limit values and periodic measurements

8.4.3.1 Short-term measurements

When appropriate, measurements for comparison with short-term limit values and associated periodic
measurements shall be made over a sampling period equal to the reference period, which is normally 15 min
or less (see 9.1.3.1 for estimation of the minimum sampling time).

NOTE In some countries there is a general rule that, where no specific short-term limit value has been set for a
chemical agent, short-term exposure has to be kept below some particular multiple of the limit value for the 8 h time-
weighted average concentration (e.g. three or four times).

8.4.3.2 Measurements of time-weighted average concentration

Measurements for comparison with limit values are performed to provide accurate and reliable information on,
or allow the prediction of, the time-weighted average concentration of a specific chemical agent in the air that
could be inhaled (see EN 482).

For making measurements for comparison with a long-term exposure limit, samples shall be collected for the
entire working period, if possible, or during a number of representative work episodes (see 9.1.3.1 estimation
of the minimum sampling time).
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NOTE The best estimate of long-term exposure is obtained by taking a sample for the entire working period, but this
is often not practicable (e.g. because of the possibility of overloading the filter).

9 Procedure
9.1 Preliminary considerations

9.1.1 Selection of exposure metric(s)

Decide whether the samples are to be subject to gravimetric analysis, chemical analysis or both, depending
on applicable national limit values and the assessment and measurement strategies (see Clauses 7 and 8).
Depending on the outcome of this decision, determine what sampling equipment is required: sampler,
collection substrate, etc.

NOTE A significant proportion of the airborne particles to which an operator is exposed can be generated by welding-
related operations, as opposed to being welding fume. Hence it is necessary to consider this possibility carefully when
deciding whether to use gravimetric analysis in any specific instance and, in particular, whether gravimetric measurements
are likely to overestimate exposure to welding fume.

9.1.2 Selection and use of samplers

Select a sampler(s) (6.1.1) designed to collect the relevant health-related fraction(s) of airborne particles, as
defined in ISO 7708[5], according to the size fraction(s) that is applicable to the exposure limit(s) for the
chemical agent(s) of interest. If more than one size fraction is of interest, collect multiple samples or use a
multi-fraction sampler. Exposure limits for airborne particles and individual chemical agents contained therein
can apply to more than one particle size fraction. The samplers used shall therefore be selected to meet
national requirements. See CEN/TR 15230[18] for further guidance.

Preferably, select a sampler(s) manufactured from conducting material, since samplers manufactured in
non-conducting material have electrostatic properties that can influence representative sampling.

If chemical analysis is to be carried out, the sampler(s) used shall not be constructed from material that could
influence the analytical result.

Use the sampler(s) at its design flow rate, and in accordance with the instructions provided by the
manufacturer, so that it collects the intended fraction of airborne particles.

9.1.3 Selection of sampling period

9.13.1 Select a sampling period that is appropriate for the measurement task (see 8.4), but ensure that it
is long enough to enable the exposure metric (see 9.1.1) to be measured with acceptable uncertainty (see
3.4.6). For example, estimate the minimum sampling time required to ensure that the amount of analyte in the
sample is above the lower limit of the working range of the analytical method when it is present in the test
atmosphere at an appropriate multiple of its limit value (e.g. 0,1 times for an 8 h time-weighted average limit
value or 0,5 times for a short-term limit value) using the following equation:

t _ Miower
min k
Qv K prv
where
tmin is the minimum sampling time, in minutes;
Miower 1S the lower limit of the analytical range, in micrograms;

Oy is design flow rate of the sampler, in litres per minute;
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k is the appropriate multiple of the limit value (0,1 times for an 8 h time-weighted average limit
value or 0,5 times for a short-term limit value);

PLV is the limit value, in milligrams per cubic metre.

NOTE If the minimum sampling time is not short enough for the method to be useful for the intended measurement
task, consider the possibility of using a sampler designed to be used at a higher flow rate.

9.1.3.2 When high concentrations of airborne particles are anticipated, select a sampling period that is
not so long as to risk overloading the pre-filter with particulate matter.

9.1.4 Consideration of temperature and pressure effects

Refer to the manufacturer's literature to determine if the indicated flow rate of the flow meter used is
dependent upon temperature and pressure. Consider whether the difference between the atmospheric
temperature and pressure at the time of calibration of the flow meter and during sampling is likely to be great
enough to justify making a correction to take this into account, e.qg. if the error has the potential to be greater
than +5%. If a correction is necessary, measure and record the atmospheric temperature and pressure
throughout the sampling period (see 9.4.1 and 9.4.3) and use these data in conjunction with the atmospheric
temperature and pressure at which the calibration of the flow meter (6.1.5) was calibrated to carry out an
appropriate correction.

NOTE An example of temperature and pressure correction for the indicated flow rate is given in 9.7.3, for a constant
pressure drop, variable area, flow meter.

9.2 Preparation for sampling

9.2.1 Cleaning of samplers

Unless the samplers to be used are of the disposable cassette type, clean the samplers (6.1.1) before use.
Disassemble the samplers, soak in detergent solution, rinse thoroughly with water, wipe with absorptive tissue
and allow to dry before reassembly. Alternatively, use a laboratory washing machine.

9.2.2 Loading collection substrates into samplers

9.2.2.1 Samplers that collect the relevant health-related fraction(s) of airborne particles on the
collection substrate(s)

For samplers that collect the relevant health-related fraction(s) of airborne particles on the collection
substrate(s), including samplers of the disposable cassette type (see Note 2 to 6.1.1), load sufficient collection
substrates (6.1.3) for sampling and for use as blanks (see 9.2.2.3) into clean, labelled samplers. If gravimetric
analysis is to be performed, preweigh them following the instructions given in A.2.2. Seal each sampler with its
protective cover or plug to prevent contamination during transport.

9.2.2.2 Samplers that incorporate a sampling cassette

For samplers that incorporate a sampling cassette that is designed to be removed for weighing (see Note 2 to
6.1.1), load sufficient collection substrates (6.1.3) for sampling and for use as blanks (see 9.2.2.3) into labelled
sampling cassettes and, if gravimetric analysis is to be performed, preweigh each loaded cassette following
the instructions given in A.2.2. Install each loaded and, if applicable, preweighed, sampling cassette in a
sampler and label it with the same identification as the sampling cassette installed in it. Seal each sampler
with its protective cover or plug to prevent contamination during transport.
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9.2.2.3 Blanks

Retain, as blanks, one unused collection substrate or loaded sampling cassette from each batch of 10
prepared for sampling, subject to a minimum of three. Treat these in the same manner as those used for
sampling in respect of storage and transport, but draw no air through them.

9.2.3 Setting of flow rate
Perform the following in a clean area, where the concentration of airborne particles is low.

Connect each loaded sampler (see 9.2.2) to a sampling pump (6.1.4) using flexible tubing (6.1.6.1), ensurmg
that no leaks can occur.

Remove the protective cover or plug from each sampler, switch on the sampling pump, attach the calibrated
flow meter (6.1.5) to the sampler so that it measures the flow through the sampler inlet orifice(s), and set the
flow rate (see 9.1.2) with an accuracy of £5 %. Switch off the sampling pump and seal the sampler with its
protective cover or plug to prevent contamination during transport to the sampling position.

NOTE It can be necessary to operate the pump for some minutes to enable the flow rate to stabilize before setting
the flow rate.

9.3 Sampling position

9.3.1 Personal sampling position

9.3.1.1 Position the sampler within the operator's breathing zone (see 3.3.5). If a welder's face shield is
used, position it behind the face shield (see 8.2), as close to the mouth as possible (sampler inlet within
10 cm). Mount the sampler in a horizontal orientation if it has an inlet velocity <1 m s. See Annex B for
examples of arrangements for mounting a sampler behind a face shield, in no particular order of precedence,
and for an evaluation of the relative merits of the example sampler mounting arrangements.

It is preferable that the sampler be mounted in such a way that the sampler inlet faces forward.
NOTE Sampling inside an air-fed face shield can be useful to confirm its effectiveness.

9.3.1.2 Place the sampling pump in a convenient pocket or attach it to the operator in a manner that
causes minimum inconvenience, e.g. to a belt around the waist (6.1.6.2).

9.3.2 Fixed-point sampling position

If fixed-point sampling to determine the general background level of welding fume and other airborne particles
generated by welding-related operations is to be carried out (see 8.3), select a suitable sampling position that
is sufficiently remote from welding and allied processes and welding-related operations, such that results are
not directly affected by any individual source of welding fume or other airborne particles. Take into
consideration all workplace parameters: ventilation, local circumstances, etc.

9.4 Sampling

9.4.1 When ready to begin sampling, remove the protective cover or plug from the sampler and switch on
the sampling pump. If the sampling pump is fitted with an integral timer, check that this is reset to zero prior to
turning it on. Record the time and volume flow rate at the start of the sampling period. If appropriate (see
9.1.4), measure the atmospheric temperature and pressure at the start of the sampling period using the
thermometer (6.1.6.5) and barometer (6.1.6.6), and record the measured values.

Integral timers built into sampling pumps can be imprecise and shall only be used to provide evidence that the
sampler has been operating properly throughout the sampling period (see 9.1.3).
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If the temperature or pressure at the sampling position is different from that where the volume flow rate was
set (see 9.2.3), the volume flow rate can change, necessitating readjustment before sampling.

9.4.2 Monitor the performance of the pumps frequently, a minimum of once every 2 h. Measure the flow
rate using the flow meter (6.1.5) and record the measured value. Terminate sampling and consider the sample
to be invalid if the flow rate is not maintained to within +5 % of the nominal value throughout the sampling
period.

9.4.3 At the end of the sampling period (see 9.1.3), record the time and calculate the duration of the
sampling period. Check the malfunction indicator and/or the reading on the integral timer, if fitted, and
consider the sample to be invalid if there is evidence that the sampling pump was not operating properly
throughout the sampling period. Measure the volume flow rate at the end of the sampling period using the flow
meter (6.1.5) and record the measured value. If appropriate (see 9.1.4), measure the atmospheric
temperature and pressure at the end of the sampling period using the thermometer (6.1.6.5) and barometer
(6.1.6.6), and record the measured values.

9.4.4  Carefully record the sample identity and all relevant sampling data (see Clause 11). Calculate the
mean volume flow rate by averaging the volume flow rates at the start and at the end of the sampling period
and, if appropriate (see 9.1.4), calculate the mean atmospheric temperature and pressure. Calculate the
volume, in litres, of air sampled at atmospheric temperature and pressure, by multiplying the mean flow rate in
litres per minute by the duration of the sampling period in minutes.

9.5 Transportation

9.5.1 For samplers of the disposable cassette type, transport samples to the laboratory in the samplers in
which they were collected. For other samplers that collect airborne particles only on the collection substrate
(see Note 2 to 6.1.1), remove each collection substrate from its sampler, place in its labelled transport
cassette (see 9.2.2.1) and close with a lid. Take particular care to prevent fume from becoming dislodged from
heavily loaded collection substrates.

9.5.2 For samplers that incorporate a sampling cassette (see Note 2 to 6.1.1), remove the sampling
cassette from each sampler and fasten with its lid or transport clip.

9.5.3 Transport the samples (9.5.1 and 9.5.2) to the analytical laboratory in a container which has been
designed to prevent damage to the samples in transit and which has been labelled to assure proper handling.

9.6 Analysis
9.6.1 Gravimetric analysis of samples

9.6.1.1 Collection substrates

After sampling, remove each blank and sample collection substrate from its sampler (see 9.5.1) or transport
cassette (see 9.5.2), and reweigh following the instructions given in A.2.3.

If exposure to specific chemical agents in the welding fume and other airborne particles generated by welding-
related operations is to be determined, transport the blank and sample collection substrates to the laboratory
for chemical analysis: either replace each collection substrate in its transport cassette, or, if the collection
substrates were transported to the weighing room in samplers, place each collection substrate in a new
labelled transport cassette (6.1.6.4).

9.6.1.2 Sampling cassettes
After sampling, reweigh each blank and sampling cassette following the instructions given in A.2.3.
If exposure to specific chemical agents in the welding fume and other airborne particles generated by welding-

related operations is to be determined, transport the blank and sampling cassettes to the laboratory for
chemical analysis.
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9.6.2 Chemical analysis of samples

Consult the manufacturer's fume data sheet, if available, to determine which components of the welding fume
to analyse. Depending on the way in which the resulting data are to be used, the analysis may include
determination of all chemical agents of occupational hygienic significance or it may be limited to analysis of
the key component of the welding fume (see 3.2.8). If appropriate, the analytical techniques used shall be
selected to enable several chemical agents to be determined simultaneously or sequentially on a single
sample. Refer to published methods for the determination of hazardous substances in workplace air for
procedures suitable for the analysis of samples of welding fume and other airborne particles generated by
welding-related operations (see 1SO 15202-28], SO 15202-39], 1SO 16740[101 and 1SO 21438-3[11 for
examples of such methods).

The chemical analysis required depends on the composition of the filler material and the possible presence of

contaminants. Chemical composition data that manufacturers of filler materials determine according to

ISO 15011-4161 and provide on fume data sheets should be used to help decide the analysis protocol.
However, it is also necessary to consider other activities undertaken in the workplace that might affect
exposure and, if appropriate, to measure other air contaminants, e.g. asbestos.

9.7 Expression of results

9.7.1 Concentration of airborne particles and/or chemical agent(s) of interest

Calculate the concentration of airborne particles and/or chemical agent(s) of interest, p, in milligrams per cubic
metre, using the following equation:

1000 m
Y

where
m is the blank corrected mass of airborne particles or chemical agent, in milligrams;

V  is the volume, in litres, of air sampled (see 9.4.4).

9.7.2 Calculation of the time-weighted average concentration

Calculate the time-weighted average concentration of airborne particles and/or chemical agent(s) of interest
over the reference period from the results of the measurements made during the sampling period or periods
(see 9.1.3). :

9.7.3 Temperature and pressure correction for the indicated sampling flow rate

In some instances it is necessary to apply a temperature and pressure correction for the indicated sampling
flow rate (see 9.1.4). A typical example of when such a correction is necessary is when a constant pressure
drop, variable area, flow meter was calibrated (6.1.5) and used to measure the flow rate in 9.4.1 and 9.4.3.

In this instance, the corrected volume of air sampled, V., in litres, is given by:

where
Jy is the mean flow rate, in litres per minute;

t  is the duration of the sampling period, in minutes;
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p; is the atmospheric pressure, in kilopascals, during calibration of the sampling pump flow meter,
P is the mean atmospheric pressure, in kilopascals, during the sampling period;

T, isthe temperature, in kelvin, during calibration of the sampling pump flow meter,

T is the mean temperature, in kelvin, during the sampling period.

Other flow meters can also require correction for variation in temperature and pressure. Follow the
manufacturer's directions for such corrections.

10 Exposure assessment

The most accurate approach to exposure assessment in welding and allied processes is to measure the
concentration of chemical agents of occupational hygienic significance present in the air the welder breathes
(see 9.6.2) and compare the results obtained with the corresponding limit values for the substances
concerned. However, chemical analysis is relatively expensive in comparison with gravimetric measurement.
The work required to make an exposure assessment can be reduced by carrying out a gravimetric
measurement of personal exposure to airborne particles and comparing results with a limit value that protects
against the key component of the welding fume (see 3.2.8). Such a welding fume limit value can be calculated
from information on the chemical composition of welding fume provided on the manufacturer's fume data
sheets. See ISO 15011-4161 for further information.

NOTE Use of fume data to estimate the concentration of specific chemical agents can lead to an over-estimation if
the welding fume sample contains a significant quantity of airborne particles generated by welding-related operations.

11 Recording of sampling data and presentation of results

To obtain the full benefit of measurements made in the manner described in Clauses 9 and 10, record as
much information as possible about the process itself, the materials used and the particular circumstances of
each measurement. Such information is essential for the correct interpretation of results.

NOTE An example of the type of information to be recorded in the report is given in Annex C. Basic data related to
the investigation are recorded in C.1, process-specific data are recorded in C.2, and sampling data and results are
recorded in C.3. If chemical analysis of welding fume and other airborne particles generated by welding-related operations
samples is carried out, then results for specific chemical agents are also reported in C.3, together with calculated 8 h time-
weighted average concentrations.
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Annex A
(normative)

Gravimetric analysis

A.1 Handling and conditioning of collection substrates

A.1.1 Handling of collection substrates
Only handle filters in a clean environment, using flat-tipped tweezers to reduce the possibility of perforation.

Only handle foams and sampling cassettes that are weighed wearing powder-free gloves.

A.1.2 Conditioning collection substrates before weighing

If gravimetric analysis is to be performed, allow the moisture content of the collection substrates to equilibrate
with the air in the weighing room before weighing by conditioning collection substrates or loaded sampling
cassettes for a suitable period, e.g. overnight. Expose collection substrates in such a manner that
contamination is avoided, e.g. place collection substrates in individual, clean, labelled transport cassettes (see
6.1.6.4) with the lids ajar.

A.1.3 Dissipation of electrostatic charge on collection substrates before weighing

If the collection substrates used are susceptible to the accumulation of electrostatic charge, e.g. membrane
filters, use an electrostatic charge neutralizer to dissipate the charge on them before weighing.

A.2 Weighing

A.2.1 General

Perform weighing in accordance with the recommendations in ISO 15767.

A.2.2 Preweighing

Preweigh sufficient collection substrates for sampling and for use as blanks (see 9.2.2.3), following the
instructions on handling, conditioning and dissipation of electrostatic charge given in A.1, and replace in the
labelled transport cassettes in which the collection substrates were conditioned to protect them from damage
in transit. If samplers of the disposable cassette type containing matched-weight filters are used for sampling,
no preweighing is necessary.

Preweigh loaded sampling cassettes (see 9.2.2.2) following the instructions on handling, conditioning and
dissipation of electrostatic charge given in A.1 and fasten with the transport clips supplied by the manufacturer.

A.2.3 Reweighing

Reweigh the collection substrates or sampling cassettes used for sampling and those retained for use as
blanks following the instructions on handling, conditioning and dissipation of electrostatic charge given in A.1.
Then calculate the mass of airborne particles collected using the mean mass change of the blanks to correct
the mass change measured for each sample.
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A.3 Quality control of weighing collection substrates

Perform quality control of weighing collection substrates in accordance with ISO 15767.
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Annex B
(informative)

Examples of arrangements for mounting samplers behind welder's face

shields

B.1 Introduction

For personal sampling of welding fume, it is essential to locate the sampler in the operator's breathing zone
(3.3.5), which is behind the welder's face shield, if used.

B.2 Characteristics of the ideal mounting arrangement

‘The characteristics of the ideal arrangement for mounting samplers behind a welder's face shield are listed
“(not in any order of importance) in Table B.1.

Table B.1 — Characteristics of the ideal mounting arrangement

1 Sampler mounted in the operator's breathing zone (see 3.3.5), behind the welder's face shield

2 Sampler inlet within 10 cm of the mouth (see 9.3.1.1)

3 Sampler inlet faces forward

4 Sampler maintained in the same position whether the visor is up or down

5 Sampler maintained in the breathing zone (see 3.1.2), without intervention, when the welder's face shield is
removed

6 Mechanical stability of sampler position

7 Operators can use their own face shield

8 Operator should experience no discomfort when using a welder's face shield that has dimensions that conform
to EN 175[13]

9 Sampler can be mounted inside face shields of all commercially available designs, including close-fitting types

10 Sampler mounting arrangement commercially available

11 Samplers can be mounted that are designed to collect simultaneously the respirable and inhalable fractions of
airborne particles

12 Mounting arrangement easy to attach

13 Sampler performance not adversely affected by breathing when mounted behind the welder's face shield @

a

At present, the effect of breathing on the performance of samplers mounted behind the welder's face shield is unknown and
therefore this characteristic is not assessed in Table B.2.
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B.3 Examples of mounting arrangements

B.3.1 Sampler attached to the welder's face shield by means of a removable clip (clip type)

A specially designed, removable clip may be used to attach the sampler inside the welder's face shield. See
the example in Figure B.1.

B.3.2 Sampler attached to the headband of the welder's face shield

B.3.2.1 Sampler attached to the headband by means of a specially designed bracket (bracket type)

A specially designed bracket may be used to attach the sampler to the headband of the welder's face shield.
See the example in Figure B.2.

B.3.2.2 Sampler attached to the headband by means of a bent copper tube (tube type)

A copper tube, bent into a suitable form, may be used to attach the sampler to the headband of the welder's
face shield. See the example in Figure B.3.

B.3.2.3 Sampler attached to the headband by means of its collar clip (collar clip type)

The sampler's collar clip may be used to attach the sampler to the headband of the welder's face shield. See
the example in Figure B.4.

B.3.2.4 Sampler attached to the headband by means of the AWS mounting arrangement (AWS type)

The mounting arrangement described in AWS F1.1MI[21] may be used to attach the sampler to the headband
of the welder's face shield. See the example in Figure B.5.

B.3.3 Sampler mounted in a specially modified welder's face shield (built-in type)

A sampler mounted in a specially modified welder's face shield may be used. See the example in Figure B.6.
B.3.4 Sampler mounted on the welder

B.3.4.1 Mini-sampler on a headset beam attached to the operator's head (mini-sampler type)

A small sampler attached to the beam of a headset may be used to sample air inside the welder's face shield.
See the example in Figure B.7.

Such a mounting arrangement is commercially available or can be made by modification of a professional
microphone headset having a support around the back of the head (with all electronics stripped away).

B.3.4.2 Sampler suspended from the operator's neck

A sampler is suspended under the chin from a band around the operator's neck.
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B.4 Characteristics of mounting arrangements

An evaluation of the mounting arrangements described in B.3 with respect to the characteristics of the ideal
mounting arrangement listed in Table B.1 is given in Table B.2. It is important to note that factors other than
the simple +/- counts in Table B.2 need to be considered when interpreting it with respect to the relative
merits of these mounting arrangements. In particular, the relative importance of the various characteristics,
when applied to a given measurement task, sampling situation or national requirement, has a bearing on the
desirability of any given mounting arrangement.

Table B.2 — Evaluation of the characteristics of example mounting arrangements

Example Eva]uation with_respect to the characteristics of an Observations

mounting ideal mounting arrangement (see Table B.1) ) .
arrange- (with cross-reference to the related ideal
menttype | 1 | 2 |3 [ 4[5 |6 |7 |89 10111 mounting arrangement characteristic)

Samplers can be maintained in the breathing
Clip type +|+|-|-l-|-|++]-1|-1|+ | + | zonethroughout the sampling period if
repositioned on the collar when not welding (5)

Depending upon the dimensions of the
sampler and the welder's face shield, it might
not be possible to mount the sampler such that
+ |+ |+ |+ |+ + ]|+ -~ |thesamplerinlet faces forward (3)

Samplers can be maintained in the breathing
zone throughout the sampling period if
repositioned on the collar when not welding (5)

Bracket
type

Depending upon the dimensions of the
sampler and the welder's face shield, it might
not be possible to mount the sampler such that

Tubetype | + | + | + | + | — | + | + | — | — | -+ | — | the sampler inlet faces forward (3)

The mounting arrangement can be simply
constructed by the user from copper pipe (9)

Samplers can be maintained in the breathing
zone throughout the sampling period if

Collarclip | 1 . | _ |« _ | _ |+ _1_14+/|+/|+ | repositioned on the collar when not welding (5)

type
yp A standard sampler clipped to the headband of

the welder's face shield is used (9)

The AWS mounting arrangement is designed
for use with samplers of the disposable
cassette type, for which no polyurethane foam
pre-separator to facilitate determination of both
the respirable and inhalable fractions of
airborne particles is presently available (11)

AWStype | + | + | - |+ |- -+ -] -]+]-1]+

It is necessary to use welder's face shields that
have been specially adapted for mounting -
Built-intype | + | + | - [ = | = | + | = | + | = | = | + | + | samplers (7, 9) :
Specially adapted welder's face shields have to
be prepared in advance (12) :

A polyurethane foam pre-separator for
determination of both the respirable and
inhalable fractions of airborne particles is not
available at the time of publication (11)

Mini-
sampler + + + + + + + + + + - +
type

Sampler
suspended
from the —al__afl + + + + [—a| + - + + +
operator's
neck

& Whether the sampler is in the operator's breathing zone, within 10 cm of the nose and mouth, and whether the operator's own face
shield can be used depend upon the type of face shield and exactly where it is positioned.
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B.5 lllustrations of mounting arrangements

a) Welder's face shield with a sampler attached by means of a removable clip [see Figure B.1 b)]

b) Removable clip used to attach a sampler to a welder's face shield [see Figure B.1 a)]

Figure B.1 — Sampler attached using a clip-type mounting
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Key

1 headband inside welder's headshield
2  adhesive tape binding

3 sampler clip

Figure B.2 — Sampler attached to the headband by means of a specially designed bracket

Figure B.3 — Sampler attached to the headband by means of a bent copper tube
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Figure B.4 — Sampler attached to the headband by means of its collar clip
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Figure B.5 — Sampler attached to the headband by means of the AWS mounting arrangement
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Figure B.6 — Sampler mounted in a specially modified welder's face shield

Figure B.7 — Mini-sampler on a headset beam attached to the welder's head
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Annex C
(informative)

An example of areport

C.1 Basic data

Operator:  J. White.........ccccceeeeee.. Date: 17 December 2008........
Company: Perfect Welding Co Ltd. Investigator: S. Brown.........ccccuvvvnneen
Address:  Park Lane..........cc..e....

London.......ccoccveveennnnn
Location:
Type Approximate dimensions

a) Open air

b) Open workshop: 60 m x 30 m, 6 m ceiling height (see diagram below) ...........cccccceeeeiiiiiiiiiiineee s
o) S 1= 14 oo ] ] 1 aT=To IR o= Lo = SRR
Lo ) IO o gl 0= ] o F= o7 S
Type of fabrication: Small cylindrical storage tank, approx. 3 m diameter .........cccccvveeeeeeviicciiieeeee e

12 m long (see diagram DEIOW) .......ccviiiii i
Operator's position: Kneeling 1 m inside tank, welding vertically, head................ccccociieiiiiiiiiie s

0,75 M TTOM BIC 1ttt et e e ne e e

Ventilation in use:

Type description

o) ST o[ ox - | TP ETPT PP
b) Local: XYZ GUN EXEFACTON. ... ittt e ettt e ettt e e e e e et et e e e e e e e e sanbb e e e e e e e e e s e annbraeaaaaeas
c) General: 6 fans in roof (oNly 4 iN OPEratioNn)..........cccuviiiiie e
Lo ) T V= (U - SR
e) None

Respiratory protective equipment (RPE):
a) Description of RPE (see EN 132[22]): NONE iN USE ......ccovoviveuieiieieeeeieietce ettt
D) Standard of RPE (8.0. 10 ENL.. ). oottt ettt et e e et e e e tb et e e e bb e e e e anbb e e e e annb e e e e annneas

Other welding operations or allied processes in progress: Submerged arc welding (15 m distant), 3 other
flux-cored machines working adjacent to tank, de-slagging and grinding intermittently in progress .....................

Other details (e.g. diagram or photograph, observations on the effectiveness of control measures or

environmental conditions): Night Shift PreCeded ..o e
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Diagram or photograph Additional comments

The operator worked inside tanks without ends. Four
= = periods of personal sampling were carried out
throughout the working day: between start of shift and
morning break; between morning break and lunch;
Q) > between lunch and afternoon break; between

afternoon break and end of shift.

The background fume level was measured in
approximately the centre of tank in which the operator
worked. Samplers were relocated as necessary.

C.2 Process data

Welding or allied process (see 1SO 4063[4])

Type: L7 e
Descriptor: Tubular cored metal-arc welding with inert gas shield ...................
Shielding gas: Ar/20 % CO/0y .oviiiiiiiiici

Welding consumable

Electrode or wire ClasSifiCation: e
Brand name: CENFLUX 30 .oiiiiiiiiieee ittt
Wire diameter: L2 MM e
Wire feed speed: NOt reCOrded ....oovvieeiiiiiie e
Fume analysis data (as supplied by manufacturer): F~16,4 %; MN 11,6 %0 .....covveeiiiiiiiiiiiiieee e eciiieeee e e
Base material: C-Mn steel tO EN ....ovviiiiiiiiiieeee e
Surface coating or contaminant on wire or plate: Nil, except some rusty areas on plate ............cccceecuvvineeen.

Welding parameters

Welding current: 252 A e ———————
Arc voltage (a.c., d.c. and polarity): 28,5V A.C.F oo

C.3 Sampling data and results

Shift pattern:

Time of start of shift: (01 300 [ T
Time of end of shift: L7:00 e
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Personal exposure measurements:

Sample details: Personal exposure measurement for J.White ..................

Arcing time (estimated % of sampling period): 30 90 APPIOX ceeieeeieiiiiiiee ettt
Sampling Time sampling | Time sampling %?Jnrwzilignng Mean flow rate Volume
identifier commenced finished i Vmin |

Jw1i 08:05 09:45 100 2,00 200
Jw2 10:15 11:55 100 1,975 197,5
JW3 13:05 14:45 100 1,95 195
Jw4 15:15 16:55 100 2,025 202,5
Samoli Weight A;:r)tci)élnee F i Mn Mn
ic?enr]l?ilflir;? gain concentration concentration concentration
mg mg/m3 mg mg/m3 mg mg/m3
Jw1 1,96 9,80 0,314 1,57 0,216 1,08
JW2 1,74 8,81 0,261 1,32 0,209 1,06
JW3 1.85 9,49 0,315 1,61 0,213 1,09
JW4 2.05 10,1 0,348 1,72 0,250 1,24
JW 8-h TWA — 7,96 — 1,30 — 0,929

Observations: Measurements were not made in breaks. 8 h TWA calculation assumes no exposure in

these periods

Background measurements:

Sample details: Background measurement inside tanks

Sampling
Sampling Time sampling | Time sampling duration Mean flow rate Volume
identifier commenced finished
min I/min |
BGTK1 08:00 12:00 240 2,05 492
BGTK2 13:00 17:00 240 2,00 480
Weight A;::t?élnee F F Mn Mn
Sampling i i i
i gain concentration concentration concentration
mg mg/m3 mg mg/m3 mg mg/m3
BGTK1 2,16 4,39 0,346 0,70 0,238 0,48
BGTK2 1,94 4,04 0,320 0,61 0,2339 0,49
BGTK (mean) — 4,22 — 0,65 — 0,48
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Annex D
(informative)

Blank report form

D.1 Basic data

Operator: ..o, Date: ..o
ComMpPany: e INVESHIGAator: .......eviiiiiiiie e
AAress: i

Location:

Type Approximate dimensions

a) Open air

D) OpPen WOTKSNOP: e
C) SeMI-CONFINEA SPACE: ..o e e e e e s s e e e e e e e e e s e nnenraees
d) ConfiNed SPACE: oo e aea e

Type of fabriCatiON: oo e e e s

(O] 0 1=] =1 (0] = o 1o 171 1o o ST

Ventilation in use:

Type description

) SPECIAL e e e e e e e e e e areeeaeas
D) LOCaAl: e
(o) I C1=T 0 1= - | R
Lo ) T\ £ - R

e) None

Respiratory protective equipment (RPE):

a) Description of RPE (see EN 132[22]): | ..o
D) Standard of RPE (£.9. 10 ENL..): ettt st s bt e e e ebe e e s ennbe e e e eneee

Other welding operations or allied ProCeSSES IN PrOGrESS: ....cccuuuiiiiiiee ettt e e e e et e e e e e e e s s eaanbreeeeeaeaaaas

Other details (e.g. diagram or photograph, observations on the effectiveness of control measures or

enVIroNMENTAl CONAITIONS): ..iiiii it e e e e e e e e e e e e e e s s ettt e e e e eeeesassanbaeeeeeeeesasnnranneaeaens
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Diagram or photograph

Additional comments

D.2 Process data

Welding or allied process (see 1SO 4063[4])

TYPE: s
DesCriptor: e
Shielding gas: .o,

Welding consumable
Electrode or wire classification:
Brand name:

Wire diameter:

Wire feed speed:

Fume analysis data (as supplied by ManufaCtUrer): ... e

Base material:

Surface coating or contaminant 0N Wire OF PIALE: .......uiii i

Welding parameters

Welding current:
Arc voltage (a.c., d.c. and polarity):

D.3 Sampling data and results

Shift pattern:
Time of start of shift:
Time of end of shift:
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Personal exposure measurements:

Sample details:

Arcing time (estimated % of sampling period):

ISO 10882-1:2011(E)

Samplin
Sampling Time sampling | Time sampling dura?tior? Mean flow rate Volume
identifier commenced finished ) )
min I/(min I
oo | e | e | - " "
Sampling gain P . concentration concentration
identifier concentration
mg mg/m3 mg mg/m3 mg mg/m3
(0011t V7= 11 (o] 1S T TS PETTT PP
Background measurements:
ST= o] o] (S0 =] = T1 SRS
Sampling
Sampling Time sampling | Time sampling duration Mean flow rate Volume
identifier commenced finished
min I/min I
. weignt | - - o M
Sampling gain P . concentration concentration
identifier concentration
mg mg/m3 mg mg/m3 mg mg/m3
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