& XA P LR—o3—))

AfEix. 4 ¥ U 2 HSE (Health and Safety Executive : f#H%2T) 25, ZOEET 27 =794 P TRAALTW3,
RDFFEFD I DT, [HFEFL—HAGERR] o cNdsdboTd,
CoOJFHMOERNT, BEACE T 2 RN R, SiH, HEFESFLZMEEL w0 (A4 ROXNRERTI9 =V B E3,) THhoT, HABEICE -TDH
ZEICRLbDTHS LHWTL T, AREFRL £ L7,

OAFGDOIERAEHR 2026 4£ 9 H

OARMRDIERE ¢+ R Ied7 8 SEFR 1kt B S PR
PEEEF L J L oD TR HEEE S D H ARGERGR
Welding https://www.hse.gov.uk/welding/index.htm b/ e

Includes welding risks, asphyxiation hazards, oxy-
propane preheating, post weld cleaning, cutting

metals and resources.

W) A7 R OERIE, lE—T TR IR
R, YHISR M OEE NG ENET,

Contents

e Welding fume: protect your workers

e Asphyxiation hazards in welding and allied processes

e Health risks from welding

e Maintenance, examination and testing of LEV and RPE

e Safety risks from welding
¢ The safe use of oxy-propane preheating

e Post weld cleaning using pickling pastes
e Cutting metals

Hx

c WWREIC X BMEEY R

7 A}

s BBEIC X BREY R

- BfE o YT

e 2 — LEERERET 5
c BERUVBEET 2 7uvRICB T2 ER (TA74 72—y a V) ofilalt

- LEV (JFPrfEx2EE) RO RPE (M HEREE) D X v T F v R, BB LT

« B Fu v FEORE R
© BRIV =R 2 L REER O




e Controlling the risks from welding
e Resources

L BT X B Y 27 Dl
-

HEER T

FER D HAGEER

Welding fume: protect your workers
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1. Overview

By law you must protect your workers by controlling the health risks from
welding fume. This applies to specialist welders and workers who do some
welding, no matter how small the amount.

All welding fume can cause lung cancer, so you must put controls in place.

HSE has issued a safety alert about the health risks of welding fume. Welding

fume can also cause asthma and many other health conditions.

You can control risks to health from welding fumes by:
e using alternative cold joining techniques
e welding in a way that produces less fume

e local exhaust ventilation (LEV)
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e using respiratory protective equipment (RPE) and personal protective
equipment (PPE)
e maintaining control measures and good general ventilation
e making sure welders understand the risks and how to use controls
Welding fume is subject to the Control of Substances Hazardous to Health
(COSHH) Regulations. These COSHH advice sheets on welding, cutting and

surface preparation help you to comply with COSHH. You can also read more

general guidance on COSHH.
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2. Control the risk
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Consider controls in this order for all welding work:
1. Avoid or reduce exposure
2. Use local exhaust ventilation (LEV) to take the fume away at source
3. Use suitable respiratory protective equipment (RPE), for example a
facemask, to protect workers from inhaling fumes
1. Avoid or reduce exposure
To protect your workers from the health risks of inhaling welding fume, first
think about if you can use alternative joining, cutting or surface preparation
methods that produce less fume or dust.
Consider if you could avoid or reduce exposure by doing the job in a different
way. For example, can you:
e automate or mechanise the process, by using distance welding,
turntables or enclosing the work
e reduce the amount of welding
e use materials or a process that generates less fume, for example using

MIG welding (an arc welding process) instead of MMA welding (stick

TR TOBEBEEEICONT Z OIEF CHIE Z RFT L T 72 &0,

L IZ<BEBET B0, UL ST,

2. RIFHERIRE (LEV) 2 L <, JERIR CHER 2 B Y BrE £,

3. TxA AT AV E, YRR RGEREE RPE) M L T, fFEEHEZE 2— 24
W AR S IRE L E T,

L IS BEEBT 50, IWH T,

WAEREE 2 — DORE LDV 27 D& 2 R#ET 57010, £9, Ba—
LM U A7 MU RS UIW X E R m i L2 CE 50089 D h M
FTLTL XN,

MOFETHFEET L2 L TESBELEREL XSO T ZENTE L0 E 0
ERRETL T 7Ean, &z,

- mEREE, X T A XIMEEEFET LT, ek R 2 HEMEL, AL
IIHgAL L £,

- EHEREW ST,

MMA EHE (B (AT 1 v 7)) TEE) OO VI MIG 88 (T — 7 a7 a ' ) %
AT L%, L a—AERESEROME LT A2 HEHLET,




welding)
e use clean metals, for example pre-fabrication shaping or better

machining
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2. Use local exhaust ventilation (LEV)
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If you can't avoid welding in your workplace, use local exhaust ventilation
systems for indoor working to help remove fume at its source. This is also
known as extraction or fume control.
This will protect your welder from exposure to welding fume. It will also
help to protect others nearby.
LEV works by using an air-flow to remove contaminated air from the process
for capture by the hood. Types of LEV include:

e on-torch extraction

e extracted benches

¢ extracted booths

e movable LEV
There is guidance on choosing the right LEV in our COSHH essentials

welding sheets.
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3. Maintain exposure controls
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You must make sure any controls you have to protect your workers from
health risks from welding fume remain effective:
e Follow instructions on how to use equipment

e Keep equipment in working order
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e If equipment is faulty, repair it straight away
e Each day look for signs of damage

e Get a competent ventilation engineer to thoroughly test and examine

the LEV system and its performance at least every 14 months
e Keep records of all examinations and tests for at least 5 years
e Review records — failure patterns show where you need to do
preventive maintenance

e Review your controls when anything changes in your workplace
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4. Health surveillance

4. REEEHE

Health surveillance is a system of ongoing health checks that is used to:

e collect data to detect or evaluate health hazards

e protect employees' health by early detection of changes or disease

e evaluate control measures
If your risk assessment shows you need health surveillance for any reason,
you should provide it.
Exposure to welding fume as an asthmagen
Employers should provide respiratory health surveillance when welding
stainless steel, where a known asthmagen, for example chromium, is present
in the fume. You should do this unless the risk assessment has shown there
is not a reasonable likelihood of developing asthma.
Asthma health surveillance should include:

e abaseline questionnaire and spirometry

e a further questionnaire at 6 and 12 weeks post start of work (this

period may vary)
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e an annual questionnaire and spirometry
You should provide workers with adequate information, instruction and
training so that they report relevant symptoms.
You should seek advice from a competent person, such as an occupational
health provider.
Exposure to welding fume as a carcinogen
It may be helpful to develop and maintain an individual health record for all
those exposed to welding fume, where the health effect is cancer. The record
should contain:

e surname

o forename(s)

e gender

e date of birth

e permanent address and postcode

e national insurance number

e date when present employment started

e a historical record of jobs in this employment involving exposure to

the known carcinogen

As the employer, if you choose to do this then it's your responsibility to
maintain health records.

Keep them for at least 40 years.
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5. Training
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You must train workers, especially those new to the job. Tell them that fume
and dust from welding and cutting can cause lung cancer and other lung
conditions, if not properly controlled.
Training should include:
e health risks associated with welding fume
e advice on health effects and likely exposures
e how to do the job properly, including where to stand and how to angle
the weld
e what pre-use checks you should make to check your welding
equipment is working correctly
e how to use controls and check that they are working
e how local exhaust ventilation (LEV) systems work, for example:
e how to position movable LEV to make sure it is in the right
place as you work
e how to ensure fume is not passing through your breathing
zone
e what pre-use checks you should make to ensure LEV is
working correctly
e how to ensure you are working within the 'capture zone' of
the hood
e how to use and look after respiratory protective equipment and
personal protective equipment
e what to do if something goes wrong
o safety risks associated with welding activities

You must consult workers and their representatives on your health and

safety arrangements.
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Asphyxiation hazards in welding and allied processes

Contents

BWEROBEET 3 7 ek Rk 2 EEDMERME
SRV

[BHHERZ T : oD T > 55— F 1 250 3
EXTEET, UTELETT,]

2T HNL, ST D HGEIT

/7/

e Introduction X LI
e Background - HE
e Common uses of asphyxiant gases - RN A O— i) e g
e Types of gas and their properties - A AOFEEE & £ ORI
e Medical effects - ER R
e Processes and techniques which may result in a gas accumulation © TADEZEMEIZORN D ARENED B 5 7 m & A & Hif
e Purge gas damming < =D I] AP
Introduction IXC®IC

This guidance gives advice on asphyxiant gases used when welding metal
fabrications and pipes, and in particular a technique known as purge
damming, (containment of purging gasses in the area being worked on). It
will be useful for employers and workers planning this type of work, and for
inspectors assessing whether the controls in place are adequate to control
the risks to health and safety.

The consequences of exposure to an oxygen deficient atmosphere can be
fatal, yet with reasonably practicable controls, as explained below, the risk
can be reduced to an acceptable level.

Accident history indicates that multiple workers are often affected. This is
mainly as a result of the rescuer attempting a rescue, but getting into

difficulties themselves due to the reduced oxygen levels.
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Background
Workers have died or lost consciousness after entering fabrications where air
has been displaced by gas shielded arc welding processes, or where inert gas
has been used to fill all or part of a fabrication to enhance weld quality. This
document describes the processes and associated hazards and gives advice
on precautions to ensure the safety of all persons who may be affected.
This document does not deal with:

e the fire and explosion properties of welding gases

e 'inerting' fabrications to prevent fire and explosion

e the toxic or harmful properties of welding fumes

e the effectiveness of weld shielding
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Common uses of asphyxiant gases

The most common use of inert gas in welding is during gas shielded electric
arc welding eg MAG, MIG and TIG. The inert gas is delivered directly from
the welding torch automatically. It creates a temporary protective
atmosphere around the arc and molten weld pool, excluding air and
preventing the oxygen in the air adversely reacting with the weld.

Inert gas delivered directly from the welding torch is generally sufficient to
create a temporary protective atmosphere, however the inert gas may not
pass though the unwelded joint in sufficient quantity to exclude air from the
back of a weld joint. Excluding air from the back of a welded joint is
particularly important when the corrosion resistance of the welded joint is
important or oxidation defects are not acceptable. This is often the case
when welding corrosion resistant metals such as stainless steel and 'kunifer'

(copper/ nickel/ iron alloys) and when removing defects out of the back of a
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weld joint is undesirable or impractical. In these circumstances inert gas
may be used to purge air from the back of the joint during welding

operations.
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Types of gas and their properties

For smaller jobs the welder may purge air from behind the weld using the
same gas supply as for the welding gun. This may be a proprietary mix such
as argon/helium or argon/helium/CO2. Mixed gases tend to be significantly
more expensive than pure argon, as a result larger scale purging operations
tend to use argon.

Although metal active gas (MAG) welding does not use a true inert gas
(often carbon dioxide or a mixture of gases) the gases used do not contain
sufficient oxygen to sustain life. Similarly nitrogen is not a true inert gas as
it can chemically react with metal at welding temperatures. However it is
cheap so may be used to purge air, particularly if large quantities of gas are

needed to purge a large void.
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Physical properties of welding gases

BEATAOYMEMEE

Gas Colour Odour Relative density*
i1 & R MZESLLE
Argon None None 1.38
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Helium None None 0.14
QU ELFN 5L o 5L o

Nitrogen None None 0.97
EE /el o /el o

Carbon dioxide None None 1.53
“BRibmER Lo Lo

Oxygen None None 1.11
HE Lo Lo

Propane None '‘Natural gas' 1.21
PA=VA el o RRARR

Acetylene None Garlic-like 0.48
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*density of air = 1
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Whilst acetylene and propane have distinctive smells, the other gases are
odourless and their direct measurement difficult. All are colourless.
Detection tubes are available for some, and the flammable gases can be
detected with suitably calibrated flammable gas-detection equipment. The
most appropriate detection method when checking oxygen levels is the use of
a suitably calibrated oxygen meter.

Gases denser than air can collect in tank bottoms, vessels, pits and other
low-lying areas. In very still air conditions the denser gases, eg argon, can
act almost like a liquid and will form dense, low-lying layers which will
disperse only slowly. Lighter gases may collect in high-level spaces which

could pose a risk if this is at head level.

Although dense gases will tend to sink, and light gases rise, the movement is
easily disrupted. For example a pressurised gas leak or intentional release of
a jet of gas will entrain the surrounding air and may form a homogenous
mixture or concentration 'gradient' within a confined space. Similarly the
movement of people, plant or convection currents can cause sufficient air

turbulence to disrupt the natural tendency of a particular gas to rise or sink.
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Medical effects ERLHFR

Inhaling an atmosphere containing no oxygen causes loss of consciousness in
a matter of seconds because such an atmosphere not only fails to provide

fresh oxygen, but also removes that already present in the bloodstream. At
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the same time, carbon dioxide is removed from the blood disrupting the
normal 'breathe' reflex.

There will be little sense of breathlessness to warn the victim that
something is amiss, and they will rapidly lose consciousness. The heart will
continue to function for a short time, but will then arrest, causing
circulatory failure.

When the gas used contains some oxygen, the loss of this from the
bloodstream takes place more slowly. Victims may suddenly feel very
fatigued and often become confused and irrational. If normal concentrations
of oxygen are restored at this stage the victim will usually recover. However,
prolonged exposure to such an atmosphere will result in loss of
consciousness and then death.

Many people are unaware of the speed at which unconsciousness can occur
and incorrectly believe that it would be possible to rescue themselves in such

circumstances.
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Processes and techniques which may result in a gas accumulation

The following circumstances may result in the unintentional build-up of
asphyxiant gases in confined spaces.

During MIG, MAG or TIG welding on the outside of fabrications,

torch shielding gas can enter the fabrication through the weld root.

Torch shielding gas can rapidly accumulate inside a fabrication
during internal MIG, MAG or TIG welding.

Purging and/or shielding gases leaking or being discharged after use
can accumulate in other sections of a fabrication, plant or into a

nearby room, cellar, sump, or pit.
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This is not an exhaustive list of the processes which may give rise to

accumulations of asphyxiants.
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Purge gas damming

This procedure uses rigid dams or inflatable bladders inserted in to a
fabrication or pipe to seal off a section. Inert gas is introduced between them
displacing or diluting the air trapped between the dams. The aim is to
prevent oxidation of the weld metal and maintain the corrosion resistance of
the pipe or fabrication. Purge gas damming is commonly used by
engineering and fabrication companies who manufacture plant for the
petrochemical, offshore and nuclear industries. It is often carried out on site
to make closing welds during final assembly.

Proprietary purge gas dams and bladders for pipe welding are widely
available and relatively cost effective. Although there is nothing prohibiting
the use of a home-made dam (eg illustration A), proprietary systems are
often designed with certain safety features that may not be present in home
made dams.

e Large dams (in excess of 350 mm diameter) can be constructed using
an annular arrangement (illustration B) with twin flanges and an
open centre. They do not create a dead end in the pipe and so reduce
the risk of gas accumulating.

Excess gas can be bled off from the dams by a system of hoses and
discharged outside the fabrication.

Dams and bladders that feature pull-cords can reduce or eliminate
the need to enter the pipe or fabrication in order to reposition the

dam at successive joints along a length of pipe.
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¢ Rigid dams may have flexible seals to reduce the escape of purging
gas. Inflatable bladders form a 'seal' when inflated (provided the
bladder is appropriate to the size of pipe or fabrication). Proprietary
dams and bladders will often form a better seal reducing the
likelihood of an uncontrolled release of gas.

Note however, the seal on both dams and bladders should not be relied
on to prevent gas leakage. Therefore, the pipe or fabrication may still
become a confined space (as defined in the Confined Spaces Regulations

1997) and appropriate precautions should be used if entry into the space

is required.
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Small bore pipe
perforated to
diffuse gas

Foam rubber disk Weid root
reinforced with

adhesive tape \

Purging gas in
ng gas
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Purging gas in N—=UHAAD
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perforated to
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el et W e AR
Froitorced with Beft 7 — 7RI E N7 ST L7
\
adhesive tape Py
Purging N H 2O
gas out

Illustration A — home made purge gas dam
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Rubber seals

Purging gas A
drain hoses /

Purging gas supply hose ‘

BERHMERFE T - AN Icd 5 [HEEE—Z O HAGERGR] 13, XD &

i? D "C“‘g—o
TLE Y — L
Rubber seals
Wire pull cord A SHED 7 4 —

N o N > N
Purging gas N=IHAFLA vF—2A
drain hoses

- P — DI AR — R
Purging gas supply hose

Illustration B — proprietary purge gas dam
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Precautions

If the work is in a confined space or will create a confined space, then the

priority when carrying out a risk assessment is to identify measures needed

so that work in confined spaces can be avoided. If it is then not reasonably
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practicable to avoid entry, the risk assessment will help to identify the
precautions required in a safe system of work.

There will be occasions where purging air from internal spaces is necessary
and it is safer to seal all openings and intentionally flood the entire internal
volume of a vessel, pipe etc. As the amount of gas used is likely to be
relatively high the employer or welder should consider the risk of accidental
release of gas during the operation (eg rupture of a seal) and how to
intentionally discharge/disperse the gas once the operation is concluded.
The quantity of gas released can be significantly less when using localised
purging techniques. This means damming and use of backing plates
(illustration C) could offer safety benefits over flooding an entire vessel. Note
that manually holding a backing plate or 'shoe' to the back of a weld during
a welding operation, and moving it along as the weld progresses, is a
particularly dangerous practice if the person is in a enclosed or confined
space.

Glove boxes and glove bags (transparent plastic bags fitted with integral
gauntlets) are available and can be used to enclose the work piece
completely. They can be quite large and contain several cubic metres of gas.
Again the consequences of an accidental gas release and a safe way to

discharge and disperse the gas should be considered.
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Backing Dar with faciinty for Dack purgng

BERHMERE T « ENRIcd 5 [9EEESC A D720, HAGER
FUIFR L T g A,

Tlustration C — backing bar with facility for back purging
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Avoiding entry into confined spaces

Workers may need to enter a fabrication, eg to inspect the weld root, to
retrieve equipment used in the work process or to carry out further work
once the welding process has been completed. They may also enter
hazardous locations under less foreseeable circumstances, eg when they

have fallen in.
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Accidents have even occurred when employees have placed only their head
and shoulders into a confined space.

Entry and/or work in a confined space should only be considered when no
alternative is available.

If asphyxiant gases must be used, then production and inspection methods
should be adopted which avoid the need for entry into the spaces into which
these gases have been introduced. For example, insert the dams before the 2
parts of the fabrication are aligned and tack welded together. Some dams
can be positioned and removed remotely through the use of pull-cords or, in
circumstances when they become jammed, through the use of drain rods.
Where successive joints have to be welded, pull-cords attached to either side
of the dam can be used to position it at each weld in turn. Consider whether
final inspections can be carried out using long-handled mirrors or fibre-optic
video cameras.

Purge gas damming should not be allowed where the creation of a confined
space is foreseeable, unless:

e suitable safe working procedures have been developed
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e emergency arrangements are adequate 0 BAFE~OXINTTHTHS,
e inert gas shoes or backing bars are held in place by means other than | ®  R{EMET AMOME L X HRIL, ZEMNOFHEDLLIANF D GRE L, NEHET A D
someone in the space and adequate precautions have been taken to BRI <TEDIZH a7 PUHEEDGEL DN THET,
prevent the accumulation of inert gas
Emergency arrangements REFRFORE D
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Safe working in a confined space must be planned carefully and the
guidance in the above ACOP should be referred to, with due regard to issues
raised by the welding process outlined above.

Before any person enters a confined space of any type, arrangements for
rescue in the event of an emergency should be in place. The arrangements
required will depend upon the findings of the risk assessment and on the
nature of the likely emergency.

There should be measures to enable the alarm to be raised in the event of an
emergency. Normally entry into a confined space should only be permitted if
there is at least one other person in attendance (either inside or outside the
space). This person should be trained and equipped to initiate emergency
rescue procedures. Appropriate rescue equipment, which may include
suitable breathing apparatus, belts/harnesses, lines and hoists should be
provided.

Emergency arrangements should not rely on the attendance of the Fire and

Rescue Services or other remotely located rescue team.
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Health risks from welding

Both acute and chronic health risks are associated with welding fume.
Occupational lung disease, including lung cancer, is the most common health
risk, but welding can also affect the eyes and skin. There is also a significant

risk from asphyxiation when welding in confined spaces.
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Acute respiratory health effects
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Acute effects occur as illness quite soon after exposure to welding fume. HSE
estimates that breathing metal fume at work leads to 40-50 welders each
year being hospitalised.

Irritation to the throat and larger airways in the lungs

Gases and fine particles in welding fume can cause dryness of the throat,
coughing or tightness in the chest. The effects tend to be shortlived. Ozone in
particular can cause this when tungsten inert gas (TIG) welding stainless
steels and aluminium. High exposures to nitrous oxides (generated during
most arc welding) can also cause irritation. Extreme exposure to ozone can

cause fluid on the lungs.

Acute irritant-induced asthma
Very high levels of exposure to inhaled irritants can cause asthma to
develop, but this is not common. This condition used to be known as reactive

airways dysfunction syndrome.

Metal fume fever

Many welders get flu-like symptoms after welding. The effects are often
worse at the start of the working week. Metal fume fever is usually linked to
welding or hot work on galvanised metals. High exposures to mild steel weld
fume can also cause this illness.

Metal fume fever does not usually have any lasting ill effects. It often starts
a few hours after exposure begins and carries on for a while after exposure

ends.

Acute pneumonia
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Welders are at an increased risk of developing pneumococcal pneumonia,
due to breathing in welding fume. Welders are particularly prone to a lung
infection that can lead to severe and sometimes fatal pneumonia.
Pneumonia kills about 2 welders a year. It can affect young welders as well
as older people. Exposure to welding fume in the past does not increase the
chances of you getting pneumonia now. A vaccination is available to reduce
the risk of pneumonia if you are a welder. However, the vaccination is not a

substitution for good exposure control. Further guidance is available in

Pneumonia vaccination for employees exposed to welding and metal fume
(PDF) .
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Chronic respiratory health effects
Chronic effects develop more gradually after exposure to welding fume and

result 1n more serious diseases.

Lung cancer

Many studies report increased risk of lung cancer in welders or other
workers exposed to welding fume. The International Association for
Research on Cancer (IARC) conclude that all welding fume can cause lung

cancer and may cause kidney cancer, classifying all welding fume as Group 1

carcinogenic substances.

HSE commissioned an independent expert view on the IARC report from the
Workplace Health Expert Committee, who agreed the report findings. As a
result, HSE issued a Safety Alert in February 2019 about the link between

mild steel welding fume and cancer.
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Assessment of the strength of evidence underpinning the IARC

reclassification of welding fume as carcinogenic to humans - WHEC-11a
(PDF) (PDF)

Chronic obstructive pulmonary disease (COPD)

Current evidence suggests that exposure to welding fume may cause COPD,
but there is not enough evidence to prove a definitive link. Normally seen in
smokers, lung function can decline more quickly than expected, and fume
may contribute to this decline. Established COPD causes progressive
shortness of breath, chest tightness and wheeze. It may also cause fatigue. If

the illness does progress, workers can become very severely incapacitated.

Welder's lung

Occupational asthma can be caused by metals in the welding fume, for
example by hexavalent chromium, nickel and cobalt. Stainless steel welding
fume will contain these metals and some types of welding, for example MMA
lead to more of these in the fume.

Occupational asthma symptoms include episodes of severe shortness of
breath, wheezing, coughing and chest tightness. It usually involves a latency
period of a few months to a few years between first exposure to a respiratory
sensitiser in the workplace, and symptoms starting.

Welders with occupational asthma can also develop a short-term temporary
reduction in lung function. This is sometimes also seen in welders without

asthma.

Bt 2—20Ob RENAME L TO TARC OFAFEZ BAT T A AL 3R S 02E
fili = WHEC-11a (PDF) (PDF)

1814 BA 224 it R (COPD)

BAEDFHL (7 2) 13, B 2—L~DE< #)8 C0PD 25| i 24w
REMEN D D Z & 2R L CVET A, WEMRBEZFIN T 5 ok vT v~
ZEH Y A, WEBEE IR S0 5 iR TR BICAMICIK T 5 A
RRERHY, 72— LI ZOERTICHET LR £3, s
COPD 1%, B, MR N A B A T 5RO THEOE S 25| X2
LETd, TUEEEF 25 &RITHE LLETA, HROSETTIUZ. %
BFIIIEFICOE <RI T D RN &H D £7,

TR Dt

MEMNGEIX, FIAIENMMr v, =y v RNa L MZX > TR e 2 —
LANDOEBIZE > TR I SNDFAREMERSH D T, AT L AHEREE =
—AIFEINODOERPEFENTEY ., BIZIEWA T =2 —2HNOZAHDE
ITD7 0 £7°,

WREtEng BRI, BYh, oA, MR O OBRRORIEN & i F
3, WE. S T OMPRERSZ MR ~DRWIOIE < 5 L TR O BB O R D% -
H N bEAFEOREMM A Z ENE T,

TREMENG B4 3 D BEANT E 72, Mtk OO — R 70l & FFET 5 =
EMTEET, ZHUTFRFATREDORWEEFRICH A b ET,

23




Asphyxiation when welding in a confined space
Welding in confined spaces can lead to death from asphyxiation (suffocation

from lack of oxygen). This can be caused by exposure to:

carbon monoxide which can form carboxyhaemoglobin. This can
impair the oxygen-carrying capacity of the blood. Symptoms of
overexposure include headache, dizziness and nausea

shielding gases (such as argon, helium and nitrogen, or argon-based
mixtures containing carbon dioxide, oxygen or both), because of an
accumulation of the gases and displacement of oxygen in confined
and enclosed spaces

Welding in a confined space must only be carried out when absolutely
necessary, as this is a high risk task.

Further information on this can be found at safety risks and welding.

PNZEH TS 5 L EDER

PACIAD BT ZEM CowEEIL, ER BFROXKNT X 5 12K D527
MDAREMENH Y £4, Zhid, ROLH>RboiIcEbansZ tick->THl
SEZISNDAREMDRH Y £
CHNERRTANET B ERT DI ENTE L bLIRE, ULk o
FERARERE I 2872 O FIREME B 0 37, E DX BOMERITIL, BR., ©
FOROHEEENEENET

- HADOEREE CiAD b ZZ iz st
o~V UL EBHREL IR B,
Y R—ZDIREWE) EIERT D,

FABRBOES DT DIz, TA(T /LT

&6_\
ez L<IXtol gt 7 v

HIPR S 7= 2RI COWBIL. TR R OEWEBR TH LT, Moy
RGAIZORFTINRTIIER D A,
ZHUCET B E BB I, eV AT LIEBECHY £,

Other health effects of welding

Skin effects

Nickel and chromium released during welding may cause allergic contact
dermatitis. Welders' skin can also be exposed to ultraviolet radiation.
Reddening, or erythema, of the skin, like a patch of sunburn, is the

commonest skin problem.

Neurological effects
Studies suggest that exposure to manganese, present in mild steel welding
fume, can lead to neurological symptoms similar to Parkinson's disease.

These symptoms include speech and balance disorders. There are new
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studies underway in this area that will help HSE decide whether more
action is needed.

The respirable manganese WEL of 0.05mg/m3 (8hr TWA) is appropriate
because much of the manganese in the fume will be small particles that

reach the deep lung (known as respirable particles).

When the manganese fume particles are breathed in routinely over a period
of time they cause a systemic effect. This means the manganese can be
absorbed into the body through many routes and can cause neurological
effects.

It is highly likely that the respirable manganese WEL will be exceeded
during many welding activities unless effective controls are introduced and
used properly. You could carry out exposure monitoring to see if you are

complying with the WEL.

Ocular melanoma
This rare cancer of the eye can be associated with welding, particularly the
ultraviolet radiation generated from welding. This reinforces the need to

protect the eyes when welding.

Arc-eye

Arc-eye is an acute injury to the front of the eye (the cornea) after exposure
to radiation generated by welding. Normally the eye becomes painful and
red a few hours after welding. Other parts of the eye can also be damaged by
exposure to the radiation produced in welding. This reinforces the need to

protect the eyes when welding.
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Noise and vibration

Vibration

Welding and hot cutting processes do not usually generate harmful levels of
vibration. But there may be a risk from some associated tasks like grinding,
needle scaling etc. For more information and HSE's 'vibration exposure

calculator' go to the HSE hand-arm vibration pages.

Noise

With the exception of TIG, electric arc welding generates harmful levels of
noise. The process itself produces noise, the other tasks that a welder will
typically do are also noisy, and welding is generally carried out in a noisy
environment. Noise levels experienced during arc welding and cutting vary
with the process. The table gives typical noise levels for different types of

welding process and associated tasks.
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Process Typical noise levels
7O+ HEHLGEELAIL
TIG up to 75 dB(A)

AT 75 TIRNIL(A)
MMA 85-95 dB(A) T NIL(A)
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Process
JatX

MIG

Plasma cutting (hand-held up to 100
A, cutting up to 25 mm thickness only)
TS XU (ANURAILFER &K 100
A, tIEES(F &K 25 mm ET)

Flame gouging
RRIAIOUYT

Flame cutting

Air arc gouging
ERT—IHAIOVT

Typical noise levels
RENEEFLAIL

95-102 dB(A)( T NIL(A)

98-105 dB(A)( T NIL(A))

95 dB(A) (T NIL(A))

up to 100 dB(A)(typically above 90
dB(A) when cutting thicknesses above
40 mm)

K 100 dB(A) (T RIL(A) (EE 40
mm ZEBAAMB U T D58 (L. BE
90 dB(A)LLE)

100-115 dB(A) (TN IL(A))(
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Process Typical noise levels

JatR HEMLBEFLAL
'Deslagging'/chipping 105 dB(A) (T NIL(A))(

[RSTBREL/FIELT BINIRIRE)

Grinding
g1l

95-105 dB(A)

The actual noise levels will depend on several factors. For instance, noise is
likely to increase with increasing consumable diameter and with increasing
current. Also, the type of metal being worked will have an effect. Stainless
steel tends to produce higher noise levels than mild steel.

Where cutting is concerned, the thickness of material being cut will affect
the noise produced, thicker materials being noisier.

For the loudest processes (plasma cutting and air arc gouging) the dominant
source of noise is the high-pressure compressed air. The design of air nozzle
can have a big effect on noise emission and some companies may offer
'reduced noise' equipment.

Typical noise exposure

Daily personal noise exposure depends both on the level of noise (the dB(A)
value) and the time of exposure during a working day. When assessing
potential noise exposure, it is important to consider how long welding
operations last. For welding and hot cutting processes, noise is only

generated when an arc is struck or flame lit. A production welder's 'arcing'

FEEOBEE LT ODOERIC L > TRV £4, 728 213, BEI.
THEERTRE/ZR AR DN & EIR OB E & HITHMT 2 feEnd v £4, *
7o MLSN TV DB BOFEIINRR SV £3, A7 2 VAL, BV K
Db EWERE LoV E AR T AN H Y £7,

YIRS SN AT, YIS AMEBIOE XX, A U AR IC R
JEVEEHIEREIZ 720 £7,

KbURERTORA(TITAVOWROZERT — 7 H—T 7)) OfHE, BEED
FRIFRIIEEEMHER T, =7/ AVORFHIES O R & 8%
H2 BAREERH O, —oeHiT MRS MRzt 2 afEnH 0 £
¥

BRI BRI X< BR

5 B O AR 2B FIE < BIE, BT O L~UL (dB(A) l) & ##% B o1E < @R &
O IFIAELF L E T, BEMNRERT X BATTT 2101, EEELOR S
EEETHZENEETY, EHELOERY by hTRRBATIX, 7T—7 8]
72720, UIRVBEITLTEY LT L ZICDOR ) A ADBRRAELET,

L. &9
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time may be as much as 80% of the shift. A fabricator welder may spend
most of the day setting the job up before starting any welding. Sometimes
setting up can be fairly quiet, for example marking out. At other times it can
be quite noisy, for example edge preparation by manual grinding.

Welders also often work in noisy environments and carry out other noisy
operations, such as needle scaling and grinding. It is likely that a welder's
individual noise exposure will be affected not only by their own work, but
also by the work of their colleagues.

You should consider these factors when assessing noise risk.
Underestimating noise risk could lead to damaged hearing. But over-
estimating noise exposure could lead to unnecessary expense.

Control measures

Employers should eliminate the noisy process where possible, perhaps by
buying in the material cut to size by the supplier. But welding and hot
cutting is often the only practical method, so the main focus should be on:

e using practical methods to reduce noise levels for the given process

e managing the residual risk using ear plugs, ear muffs or other
hearing protection

An example of this would be moving from hand-held plasma cutting to an
automated submerged plasma cutter. This can keep noise levels below 80
dB(A). Water-shrouded plasma cutters are available and may be practical for
some operations. Submerged or water-shrouded systems reduce fume
emission as well as noise. With any alternative ways of working, weigh the
practicality of the alternative and investment required against the benefits

(health, safety, productivity, etc):

ERERBRED [T — 7 ) BRlIE, 7 FO80NIET H00b LILERE A,
Ty 7V =2 R, BHEE AT SRR ARET DIEEALED
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T DHZERH Y ET, MOREMTIEL, FEIWHIC X 2= v DS, 2372
NEEL LWZ ERH Y F97,

WA T E, Bax LWEREETEHE, $toxr—10 o 7CuilEOMoEE < L
WEMEZFAT L E T, RO~ OBREFIXEIL, HER T OLFZIT TR
<, AEOHFIC L > THRBELZ T LR D D £,

B U A7 T 5B, ThOOERZEETLILERSH Y £3, BEE
U A7 Zil/ Nl 2 &, BEREEICORNDAREERH Y 9, L, B
FIE BEERRMKFHGT 5 &, REREMANEET L REERSH Y £,
EHEE

FEHE L, FFCEEFIC L > TRODIRE I y bSNTEMREBAT S Z
LItk T, WHERIRBVE . LW ot 22T 2 LERHY T, Ln
L. @B BOEIEIE LIX LIEME— DR FETH H DT, BB RITK
DEFBY T,

C RPEDO T m e ADERE LUV EART D o0 DFEMMR BRI T 5,

- Hie, BT, ZOMOMESRAEH L TERE ) A7 2EHT 5,

ZO—fFlE LT, FRLOT I XEW» 6 BB Sk 7T X~ v &
—A~OBATRHY £, ZNITED . BEE L-ULE 80dB(A) RimICHA D Z &
MNTEES, KCTELNET T A~ v Z—DDFHAETH . W D)hOH:
ETEMANTH LS LVEY A, KPP XIIKITEDNITZV AT AT, BEE

[FRRICHER AT 2 2 S¥ £, EEORBN2@E 5T, Rtk @k, 24
PEL EPEMESE) ISR L CRERRBR LR EDFEMMEZER LET,
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As a general rule, noise from arc welding increases with wire/rod
diameter and operating current. Using a wire/rod size and current
appropriate for the job and not excessively large should help to
minimise noise levels

With plasma/flame cutting and arc gouging, noise levels generally
increase with increasing gas velocity. Ensuring that the gas velocity
is as low as possible (for example reducing the outlet pressure at the
regulator) will generally reduce the noise levels. There is a trade-off
between productivity rate and gas pressure. But there will be a
crossover where increased gas pressure does not significantly
increase productivity

Welding in confined spaces or other areas where sound may be
reflected (such as the corner of a workshop) can give higher noise

levels than if the welding is carried out in an open space. If it is not

possible to organise the work to avoid these situations, adding sound-

absorbing materials to the reflective surfaces can help reduce the

impact of the welding noise on other people working nearby
Hearing protection
Hearing protection selection should be based on 4 criteria:

e its ability to reduce noise exposure

e its compatibility with other PPE (welding masks, safety helmets etc)
e comfort
e suitability for the working environment and activity
Ear plugs and slimline ear muffs with a neckband rather than a headband

may be more compatible with welding masks.

RIS LT, A/ ey ROBERLEEERICLY . 7— 7 BRICE 25E
NEINLET, VAV —/a8y ROV A XL, AFCE LZERAZFEHAL T, K
ETERNEIICTHE, BELVER/NRICIA S Z LN TEET,

C TR/ RO LT — 7 DS TIE, —RENS T AR DA LIS BRE
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DMEPEME 2 RIEIZH N SR WAGDERH L TL X 9,
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If hearing protection is used as the main control in reducing noise exposure,
workers should be trained in its use. Workers should wear the protection all
the time they are in a noisy area, or doing noisy work. Hearing protection
becomes significantly less effective if workers do not use it for even a small
amount of the time they are exposed.

There is more information on HSE's noise and vibration web pages.

BERRGEN BRI BOMBO T & LT Sh D56, HEAE X
@ﬁ%:ﬂﬁéhé&%f# FEE X, BEa LOHIEIZ W2 2, %ﬁbwﬁ
FELTHDHMT o L REEZENTHIRLERDH Y F3, WEAENMIFELL
DI TS ZMEH LAWSGEE, TR AREIIABICHRMELS 20 7,
HSE D& & LIRBI O ¥ = 7 X— VBT 25EMIEHR R H 0 757,

Maintenance, examination and testing of LEV and RPE
The Control of Substances Hazardous to Health Regulations (COSHH)
require the maintenance and thorough examination and testing of control
measures at specific intervals to ensure the control measures are effective at
all times. Controls mean more than just the hardware (LEV and/or RPE) but
also safe systems of work, provision of an RPE programme and supervision.
You should make sure that all controls measures are maintained:

e in an efficient state
e in efficient working order
e in good repair and in clean condition
Most welding fumes are easy to see, so you can assess control by observing
how well the LEV captures the fume. For TIG welding, where there is little
visible fume, you may need to use a dust lamp.
You can video the process to do a qualitative fume assessment where arc
welding processes produce UV radiation you cannot look at without suitable

eye protection.

JRIPTHEREE 8 L O RGEIEE D A T A AR OT A B

TEEEICAH E2DE OEHBAI(COSHA) X, EHHEENF A TH DL Z L2
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Local exhaust ventilation (LEV)
LEV performance can be tested for comparison to the capture velocity range

0.5m/s to 1m/s as described in the HSE guidance Controlling airborne

contaminants at work (PDF) as appropriate for welding fume, soldering and

liquid transfer. Higher-capture velocities may be required when there are
draughts interfering with the flow of air into the hood.

Capture velocity measurement is not appropriate for testing on-torch
extraction though. In this case total volumetric flow may be checked for
comparison to the manufacturer's recommendations in the user manual.

You should judge LEV performance on the effective capture of any welding

JRFTHERZERE (LEV)

HSE A % v ZIZFEf STV D 0.5m/s~1m/s OFFHEHREEHIFE & el LT,
JRTHEREEEMERE A T A N CEET,  BHEE o — A [ZATEMT R ORI
(i L2 R O 22 KB E OFIPDE ) , 7 — R~DZEK DU T4
D5 EH LB 2EEIE. K0 EWHREEN LR D551 H Y 7,

2L, b=F TOMHERBRTIE, MifdEONEIXBEI TIEHY T, T
DYE, =P —v=a 7 VORGETLOHREFIHE OO =02, GFHATE

MEEF =y 7 THZENTEET,

fume, not just on the airflow measurements. JRPTEEREEEMRRIX, =7 7 e —HEL T T, Bt = — A0 FE
You must thoroughly examine and test LEV (PDF) at least every 14 months. | £ CHIKI T2 MLE R H Y £7°,
D Lb 14 4y 2L ICRPHFRAEE (PDF) Z MUK IS A X 07 2 b L7atS
TR £FH A,
Respiratory protective equipment (RPE) MR AR B ZEE. (RPE)

You must thoroughly inspect RPE before each use and for reusable RPE
keep a record of your regular examinations, maintenance, repairs and,

where appropriate, testing. The HSE publication Respiratory protective

equipment at work (PDF) gives more guidance on this.

il FH 9~ 2 BN PR PRFE 2L TE A U AR L7221 UE 72 37, BRI ATRB 72
ARG E I DWW T, EMIZRAE, AT A ERRONEE 256 1%
T A NORERE R L2 TR Y £ A, HSE O Bk T O #
FEEPDRIX, ZNUIONWTEIDBILELDHA X AE G2 THET,

Safety risks from welding BELLDEE~DIY R
Confined space working RSN T-ZZ/H Co/EE

The main risk from confined space working is the lack of oxygen. You may be
working in an identified confined space, but you should also be aware if your

workspace could become a confined space as you weld.

P LA BN ZERDIEREN S D ER Y 27 1 3esE D RINTY, FE SR
BNTZERTEEL TV DS LIVEE AN, EEEPISIEEZEM DR & 2
IZ72 D ATRENEN B D E D B IEET D2 HENH Y £,
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Inert gases and some common chemical reactions (for example rusting) can
reduce the amount of oxygen inside enclosed spaces such as tanks, pipes and
pits. Working in these locations is dangerous.

Plan before you enter a confined space:

e consider if there is a way to do the job without going in

e if you have to go in, use a safe system of work. Confined spaces: A

brief guide to working safely gives more guidance on this

make sure you know what the emergency rescue plan is

never use oxygen supplies to 'sweeten' the air (this is a very serious
fire risk)

Welding gases such as argon, carbon dioxide, nitrogen and helium can
displace the air inside enclosed spaces. Argon and carbon dioxide are
relatively 'heavy' gases. They can pool in places where you do not normally
expect to have a problem, for example vehicle inspection pits.

Sometimes inert gases are used to deliberately replace the air to prevent
weld oxidation or reduce the risk of fires. Gases may also build up as they
are used during the welding process. If you don't follow the safe system of
work and enter an area where there is a large amount of inert gas, you are
risking death from asphyxiation.

If the amount of inert gas is high enough, you won't cough, splutter, pant or
feel breathless. You will simply pass out. It happens so fast you will not be

able to rescue yourself. Asphyxiation hazards in welding and allied processes

(PDF) gives more guidance on this.
If the inert gas has only partially replaced the air, you may feel very weak,

tired and confused. You are likely to find you cannot complete simple tasks,
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including finding the way out. If you aren't rescued and breathing normal
air within a few minutes, you are likely to pass out and eventually die.
Most welding gases, including all the inert gases, have no smell.

There are specific methods for confined space working. Confined spaces: A

brief guide to working safely has a useful list of points to consider.

Dangerous substances and explosive atmospheres gives more guidance on

permit-to-work systems.

Preventing fire and explosion

Clear away wood, fabric, cardboard and other flammable material before
starting a welding job. Heat, sparks and drips of metal and slag can travel a
considerable distance and start fires in adjacent rooms.

Where hot work cannot be carried out in a safe area, or where combustible
material cannot be removed from the work area, a fire watch should be
maintained during and after the hot work. This watch should be maintained
for at least 30 minutes after the completion of the hot work, but where an
unintended ignition may be difficult to detect or slow to develop, this may
need to be extended to 60 minutes.

Welding and cutting inside ships and other enclosed spaces is particularly
dangerous as smoke from fires cannot escape and will quickly overcome
people working nearby.

There is more detailed information on HSE's fire and explosion web pages.

Hot work on tanks and drums which may have had flammable liquids in

them
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If you are going to weld or flame cut drums and tanks, empty and clean the
inside of the tank or drum first to prevent the risk from fire and explosion.

HSE guidance Hot work on drums and tanks gives a simple description of

the safe way to do this work.

NI LB 7 AT R T > T 25815, KKERLBERDO Y 27 25 <
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Transporting acetylene in a van

Acetylene is very explosive, even in small amounts. A leak of acetylene gas in
to the back of a van can cause a serious explosion. If you carry a gas cylinder
inside a vehicle, always close the main cylinder valve to prevent leaks.

The British Compressed Gases Association publish relevant guidance.
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Electrical hazards
The arc welding process requires a live electrical circuit. This means all arc
welders using hand-held equipment are at risk of electric shock and
electrical burns. The risk for MIG/ MAG and TIG welding is much less, as
the welding current is normally switched on and off using the trigger or foot
switch.
For all arc welding, make sure:
e welding equipment conforms to the appropriate international (ISO)
or British (BS) standards
e installation of fixed welding equipment is carried out by a suitably
qualified person and is connected as recommended by the
manufacturer
e the insulation on the welding and current return leads is undamaged

and the conductor is thick enough to carry the current safely
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all connectors are clean, undamaged and correctly rated for the
current required

insulation on the welding cables, plugs, clamps or torch/electrode
holder on welding equipment is undamaged

welders use the appropriate personal protective equipment for the
task

The welder is responsible for daily equipment checks and reporting defects.
Employers should have a programme of regular checks for fixed and mobile
welding sets. There is more guidance on maintaining electrical equipment on
HSE's maintaining electrical equipment safety web page and in the HSE
publication Maintaining portable and transportable electrical equipment.
Stray welding currents

For most welding operations, it is better to clamp the current return cable
close to where you are welding.

Stray welding currents are electrical currents that return to the welding set
by paths other than along the welding return cable. Stray currents may be
substantial and comparable to the welding current, resulting in a risk of
electric shock, burns and damage to property. Stray currents are more likely
if the welding return path exhibits a high electrical resistance, for example
the return is clamped onto a rusty surface rather than clean metal.

When welding on large structures and pipework installations, avoid
clamping the welding return to handrails, pipes or the frame of the structure
unless they form part of the workpiece itself.

Some older MMA welding sets are built specifically to use an earth return
cable that is shared between several welding sets. These sets were common

in the shipbuilding and ship repair industry and should only use equipment
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designed to be used this way. The current return path should be as short as

possible. You may need to plan the return path carefully to minimise risk.

Three-phase electrical supplies

When using 3-phase welding circuits or single-phase circuits derived from
different phases of the mains supply, segregate the welding positions
connected to different phases or transformers by partitions, or distance,

whenever reasonably practicable. This reduces the possibility of electric

shock from simultaneous contact with any parts of 2 different systems,
irrespective of the voltage of either one to earth.
Welding where there is an increased risk of electric shock
If you are in control of operations where there is a need to:

e weld in damp or wet conditions

e position the welder inside a metal structure, for example inside a

tank

e position the welder on the metal workpiece
you may need to provide an insulating mat or some other dry platform, so
welders are not in direct contact with wet or conductive surfaces. Often a
wooden pallet or rubber floor mat will be enough. The mat should be large

enough to protect welders if they kneel or lie down to complete a task.

Welders should wear clean, dry welding gloves and overalls. Overalls or
other clothing should be worn to minimise the amount of bare skin,

particularly on arms and legs.
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Welding PPE is not designed to prevent electric shock, but it does provide
some protection. The electrical resistance of damp or contaminated clothing
may be significantly reduced, giving rise to a greater risk of electric shock.
When MMA welding, it is better to use a welding set that has an open circuit
voltage (no load voltage) limiting device. These devices reduce the risk of

electric shock from inadvertent contact with the electrode.
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HSE's electrical safety web pages have more information, in particular the HSE OEBEBRELET = 7 _X—I201%, FrCEEBEESOEEICET A2 —=URH Y
page for work with electrically powered equipment. £7,
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Transporting acetylene in a van

Acetylene is very explosive, even in small amounts. A leak of acetylene gas in
to the back of a van can cause a serious explosion. If you carry a gas cylinder
inside a vehicle, always close the main cylinder valve to prevent leaks.

The British Compressed Gases Association publish relevant guidance.

Electrical hazards
The arc welding process requires a live electrical circuit. This means all arc

welders using hand-held equipment are at risk of electric shock and
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electrical burns. The risk for MIG/ MAG and TIG welding is much less, as
the welding current is normally switched on and off using the trigger or foot
switch.

For all arc welding, make sure:

welding equipment conforms to the appropriate international (ISO)
or British (BS) standards

installation of fixed welding equipment is carried out by a suitably

qualified person and is connected as recommended by the
manufacturer

the insulation on the welding and current return leads is undamaged
and the conductor is thick enough to carry the current safely

all connectors are clean, undamaged and correctly rated for the
current required

insulation on the welding cables, plugs, clamps or torch/electrode
holder on welding equipment is undamaged

welders use the appropriate personal protective equipment for the
task

The welder is responsible for daily equipment checks and reporting defects.
Employers should have a programme of regular checks for fixed and mobile
welding sets. There is more guidance on maintaining electrical equipment on

HSE's maintaining electrical equipment safety web page and in the HSE
publication Maintaining portable and transportable electrical equipment.

Stray welding currents
For most welding operations, it is better to clamp the current return cable

close to where you are welding.
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Stray welding currents are electrical currents that return to the welding set
by paths other than along the welding return cable. Stray currents may be
substantial and comparable to the welding current, resulting in a risk of
electric shock, burns and damage to property. Stray currents are more likely
if the welding return path exhibits a high electrical resistance, for example
the return is clamped onto a rusty surface rather than clean metal.

When welding on large structures and pipework installations, avoid
clamping the welding return to handrails, pipes or the frame of the structure
unless they form part of the workpiece itself.

Some older MMA welding sets are built specifically to use an earth return
cable that is shared between several welding sets. These sets were common
in the shipbuilding and ship repair industry and should only use equipment
designed to be used this way. The current return path should be as short as

possible. You may need to plan the return path carefully to minimise risk.

Three-phase electrical supplies

When using 3-phase welding circuits or single-phase circuits derived from
different phases of the mains supply, segregate the welding positions
connected to different phases or transformers by partitions, or distance,

whenever reasonably practicable. This reduces the possibility of electric

shock from simultaneous contact with any parts of 2 different systems,
irrespective of the voltage of either one to earth.

Welding where there is an increased risk of electric shock

If you are in control of operations where there is a need to:

e weld in damp or wet conditions
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e position the welder inside a metal structure, for example inside a

tank
e position the welder on the metal workpiece
you may need to provide an insulating mat or some other dry platform, so
welders are not in direct contact with wet or conductive surfaces. Often a
wooden pallet or rubber floor mat will be enough. The mat should be large

enough to protect welders if they kneel or lie down to complete a task.

Welders should wear clean, dry welding gloves and overalls. Overalls or
other clothing should be worn to minimise the amount of bare skin,
particularly on arms and legs.

Welding PPE is not designed to prevent electric shock, but it does provide
some protection. The electrical resistance of damp or contaminated clothing
may be significantly reduced, giving rise to a greater risk of electric shock.
When MMA welding, it is better to use a welding set that has an open circuit
voltage (no load voltage) limiting device. These devices reduce the risk of

electric shock from inadvertent contact with the electrode.

HSE's electrical safety web pages have more information, in particular the

page for work with electrically powered equipment.

- W GRS RONANIELE L £,

VRS A S RRLO Y — 7 CRE L £,

g~ hZOMOEXT T v b7 4 — 2 ERETHILERHIH5ENH S
T2, WHA IR ASUIEEM R & EEEAM L COWERTA, Z<DGE. K
WOy bRIALHOK~ y b THHTT, v v ME, EBZETT D20
WCOSETWE ORI o720 T 28818, BHERERET IO+ KRE
STHOLHULENRDD 7,

BHERITENORRRSETR L A== — V2 ERTDIVNERDH Y £,
B BECHI DO EALO B & F/ NRICI 2 5 72012, &R SUIth o R2EZ2E 35
PERDH D £,

-
=~

Wi PPE (A AARER) 13EXY 2 v 7 2Ly IS TV EEA
DB WL OPDORELREE L E T, o 7o RIRCTE G S LT KR O B HH L

o A=
FEL XL

RIFIZAR T L, Tav DY ATPEL R RERH Y T,

MMA FEH: 056, BEIEEE@EMELER L, IHREEL G 2885%EE Y M &
FHTLZ e LET, ZNDOEEIL, Bl EORNEELREICLD
BRYa vy DY 27 BEELET,

HSE OBERLZRT = 7 _X—VIid, FrICEBEGEOFEEICET 2 X—U2nH 0
£

Offshore welding

Unlike factory welders, onsite welders will face highly variable
circumstances and conditions. So the health and safety measures you should
take may also change frequently. Many of the risks an onsite welder will face

are the same as other industrial workers (for example working at height,
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lifting and slinging, manual handling). HSE's offshore web pages give more

guidance.
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Slips and trips

The latest figures show that slips, trips and falls account for a large
proportion of reported accidents. Companies who manage their slip and trip
risks effectively can reduce these types of accidents. The solutions are often
simple and cost effective.

The HSE leaflet Preventing slips and trips at work: A brief guide and the

slips and trips web pages give simple guidance on what to consider when you

are doing your risk assessment.
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The safe use of oxy-propane preheating
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e The effects of the weld preparation gap
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This document addresses the physical risks and hazards associated with the
use of open flame propane fuelled preheating nozzles when used prior to
welding to heat a weld preparation, which forms an enclosed space. It may

also be relevant if using oxy-acetylene torches.
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Open flame propane fuelled preheating nozzle type

1.

"H" type Oxy/Propane Superheating Nozzie.
For use with propane rmexer and heating neck
o the correct shank. Acvallabie n varowess
sizas delivering Haatl up 10 638k Blwhr Usad

for pre-heaeating appbcations.

(EFRDHEKR)
'H' type oxy/propane superheating nozzle

For use with propane mixer and heating neck

on the correct shank. Available in vanous

sizes, delivering heat up to 618k Btu/hr. Used for pre-heating
applications.
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'NM' type oxy/propane heating nozzle
Connects directly to the head-nut of an NM
type universal cutting torch, delivering heat

up to 188k Blut/hr
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'AHT' pepperpot type oxy/acetylene heating nozzle
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'Cup' propane/butane 'Bullfinch' type nozzle
Fits to a hand-held single gas heating torch
with integrated neck. These torches often
contain a piezo lighter and intake valve lever
Often used for pipe-warming, paint removal
etc. A wide range of sizes are commercially
available

Download a PDF of the four open flame nozzle types (PDF)

Although the use of oxy-propane preheating equipment is covered by several
sets of legislation, the Management of Health and Safety at Work
Regulations 1992 are particularly important. These Regulations require,
amongst other things, that the risks from work activities should be assessed
in order to determine what health and safety precautions are needed. If
there is any doubt about the adequacy of the precautions used, then the risk
assessment should be reviewed.

Further advice on welding issues can be found in the welding web pages.
This guidance is aimed at workers and their management / supervision,
especially as the risks involved can be reduced by consideration at the

design and planning stages.
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Background
Before undertaking arc welding, steelwork often has to be preheated to
ensure that the weld does not fail because of hydrogen cracking. The

methods for achieving this include using an oxy-fuel gas nozzle (ranging
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from 1H-5H). The preferred sizes of these copper heating nozzles, are known
as 3H and 5H. Propane is generally used as the fuel at a consumption rate of
about 2 and 4 litres/sec respectively. As an alternative to the 3H and 5H
nozzles, fuel gas/entrained air nozzles are used.

There have been several instances of explosion, one resulting in a fatality,
where unburned fuel gas has collected inside steel fabricated structures
during preheating.

The welding gap can interfere with the flame from a preheating nozzle by
allowing the passage of unburned gas through the gap. This can then result
in the formation of an explosive atmosphere in any enclosed space behind
the welding gap.

For the purposes of this document, an 'enclosed space' is that space within a
fabrication in which the atmosphere can potentially become explosive as a
result of applying a preheating torch to a weld preparation. This document

does not advise on work within confined spaces.
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Flammable gas chemistry

The burning of propane (hydrocarbons) is a complicated chemical process in
which several different reactions occur at the same time. Part of the process
of burning propane is called oxidation and it results in a massive release of
energy which is used to heat up the metal. However, if the reaction does not
take place with the correct amount of oxygen in the mixture, there will be

some unburned gas remaining in the flame.
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The effects of the weld preparation gap

Weld preparation gaps range from 3-10 mm in width. However, there may be
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circumstances where larger gaps are found because of distortion and or poor
dimensional match between sections to be welded. The typical nozzle to
workpiece distance for preheating is about 50 mm, which gives the highest
heat input. During the process the torch is moved across the gap to heat up
the metal for about 25 mm on either side of the joint. Longer working
distances, about 150 mm, are often used during the early stages of preheating
to remove surface moisture.

As a lighted nozzle is played over the weld preparation gap, various amounts
of unburned gas pass between the plates. Where the weld is intended to seal
an enclosed space, then the passage and accumulation of such gas can form
an explosive atmosphere within the enclosure. The happens as follows:

1. Unburned fuel passes through the gap and this results in a fuel-rich
atmosphere being created on the opposite side of the weld
preparation. Whilst the outside of the flame appears to be burning
correctly, in fact in the middle of the flame it is not.

2. Because there is not enough oxygen, the gas in this mixture does not
burn properly behind the weld preparation. (Sometimes gas can be
seen burning at the weld preparation edge when the preheating nozzle
is removed).

3. Once the nozzle is removed the unburned gas behind the preparation
begins to cool and, in doing so, draws air in from the surroundings. (In
large structures, such as vertical tubular fabrications, this air can
come from within the fabrication itself).

4. During cooling, gas enters the explosive range and will explode if a
new source of ignition is introduced such as a preheating torch or a

welding arc.
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Large enclosed spaces, such as the support legs for oil platforms, are just as
likely as small ones to contain a flammable atmosphere. Although unburned
gas accumulates more quickly during the use of an oxygen-deficient flame,

this occurs regardless of flame quality.

The following factors increase the possibility of unburned gas passing through
the weld gap:

1. Incorrect procedures are used to light the flame. The correct way to
light a torch is to hold it pointing down to trap the heavier-than-air
gas against a horizontal surface. The torch should also be lit quickly
to minimise the amount of unburned fuel released. Attempts should
not be made to light torches where raw fuel can enter an enclosed
space.

The wrong torch nozzle sizes are used. Gas flow rates vary with nozzle
size and operators should select the heat output of the nozzle to match
the size or area of the preparation.

Operators are not competent to use the equipment. This may occur
because no training is thought necessary for such 'low technology'
equipment.

The nozzles are not properly maintained. A standard preheating torch
is an unwieldy piece of equipment and it is easy to damage the nozzle
by casual impact. The body of the nozzle is made from copper and
impacts not only damage the front face of the nozzle, but also tend to
loosen the screw thread attaching it to the torch extension. This
results in an escape of unburned gas.

When a narrow gap is placed in the path of the flame, the mixture entering
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the gap will be the same as the flame at that point.

The shorter the stand-off distance, the greater the rate of build up of unburned
fuel gas behind the weld preparation. Because of the vast amounts of heat
available it is possible to have a longer stand-off distance, which still has
sufficient energy to adequately preheat the weld. The greater stand-off
distance also gives the fuel and oxygen a greater opportunity to mix and reach
an ideal balance, ie 'a normally adjusted flame'. Even so, a fuel-rich
atmosphere will always be generated in the enclosed space using the open
flame process, it will simply take longer to form at greater stand-off distances.
In summary, unburned fuel gas can be expected in all open flame preheating
processes that are usually employed with an effective preheat flame length.

Operators can greatly affect the rate of build up of unburned fuel in an
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enclosed space, but it does not appear they can prevent it. Users of open flame | T A D2 —W—F, Z O LEICE TN HHIEFHIHEMIZEET HILENLH Y £
preheating process should give detailed consideration to the recommendations | 97,

contained in this document.

Summary of control measures BEEE OBIE

Wherever reasonably practicable, designers and their clients should consider
making use of alternative designs of fabrication to those which require the
formation, by welding, of an enclosure.

Alternatively, wherever reasonably practicable, other techniques of pre-
heating should be substituted in preference to the use of fuel gas. Depending
upon the temperature requirements of the preheating these can include
radiant preheat gas burners or electrical induction or resistance heaters.

Where this cannot be achieved such as in repair or maintenance, then the
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following precautions should be adopted.
1. The correct lighting procedures and flame setting

The correct handling of preheater nozzles to prevent damage.

Weld preparation gaps of approximately 5§ mm minimum width should
be sought. Evidence shows a 3 mm gap passes more unburned gas than
a 5 mm gap.

The nozzle face to preparation (stand-off) distance should be the
greatest reasonably practicable; in any case not less than two-thirds

of the length of the preheater flame and a minimum of 150 mm.

A safe system of work for the use of preheaters should be drawn up.

Where reasonably practicable, the atmosphere within the enclosed
space should be tested using a flammable gas detector before the
welding arc is struck or preheating restarted. It is advised that
welding/heating does not proceed at levels greater than 10% of the
lower explosive limit (LEL).

If reasonably practicable, the atmosphere within the enclosed space
should be supplemented with make up air at a volume sufficient to
maintain the flammable gas component in the enclosed space to below
10% of its LEL.

Nozzles should be maintained in good condition and there should be
no leakage of fuel from the rear of the nozzle heads. Hammering the
face of the nozzle deforms the castellations and blocks up the jets.
Hoses, regulators, flame arrestors and torches should all be routinely
inspected for operational integrity.

Operators and supervisors should be properly trained in these precautions
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and the hazards associated with the use of fuel gas, including how an

explosive atmosphere can form after preheating.
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Post weld cleaning using pickling pastes
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Introduction T IT
Pickling pastes contain a combination of hydrofluoric acid and nitric acid | £°7 U > 7 (JR{H) ~—Z MZ, BEOXELSI SR T AEEOH 5 7 v kK

which can cause serious burn injuries. They are primarily used to post weld
clean stainless steels and can be applied by brush or by a spray on process.
Their use is relatively widespread amongst stainless steel fabricators
although they tend to be used infrequently. As a consequence they are often
overlooked by employers when conducting assessments under the Control of
Substances Hazardous to Health Regulations (COSHH).

This document explains the risks and the controls measures likely to be

required following a risk assessment under COSHH.
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Pickling surface cleaners and passivating solutions are not covered as they do
not generally contain hydrofluoric acid. The guidance contained here is not
exhaustive and should be read in conjunction with the product's health and
safety data sheet. If the product supplier does not supply the material safety

data sheet it is essential to ask for it.
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Background

Stainless steel's corrosion resistance results from a thin, transparent layer of
chromium oxide formed on its surface during production. When this film is
present the metal is in a passive state. During fabrication and welding the
film can be damaged by scratches, the formation of surface oxides (including
heat tint) and embedded iron. This can reduce the chromium content of the
surface metal, preventing the passive film from reforming naturally. As a
result, areas of lower corrosion resistance are formed.

To restore the protective surface these areas are typically treated, eg by
immersing the fabrication in a pickling bath. The use of pickling pastes arises
where a fabrication is too large to fit into a pickling bath or where either the
pickling has to be done in situ or where only localised pickling is required,
such as on weld seams. The paste can be applied either directly to the weld or
following mechanical dressing of the weld, for example by grinding and/or
abrasive blasting. The pickling paste removes any resulting free iron or other
surface contamination, areas of chromium depletion being removed by the
hydrofluoric acid component.

Whilst pickling pastes are normally used on stainless steels, a small number
can be used on aluminium as a means of recreating a bright, polished surface.
A small range of proprietary pickling pastes is available in the UK, the

majority of which are imported, reflecting their greater use abroad. They are
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available mainly from welding consumable and stainless steel suppliers, who
tend to stock only a single range of pastes. They are supplied ready made up,
generally in plastic canisters. Prior to use the paste has to be stirred, it is then
applied by either brush, roller or occasionally by spray. The paste is left on for
anywhere between 15-60 minutes before it is washed off with water which
may be applied under pressure.

Pickling pastes typically contain 20% nitric acid and 5% hydrofluoric acid by
weight, although this can vary.

Hydrofluoric acid is a highly toxic, reactive chemical. Skin contact with
diluted solutions can cause very serious and extremely painful burns. The
extent of these burns can readily be missed at the initial stage, as it can take
up to 24 hours after contact before the pain is felt.

The acid is also capable of destroying flesh long after initial efforts have been
made to wash it from the skin. Very small quantities of diluted hydrofluoric
acid can cause irreparable damage to the eye. It is toxic by inhalation and has
a workplace exposure limit (WEL) of 1.8 parts per million (ppm) (as fluoride)
(8-hour time weighted average reference period) and 3 ppm over a 15-minute
reference period. This reflects the level of exposure which based on current
scientific knowledge will not damage the health of people exposed to it by
inhalation day after day.

Nitric acid is highly corrosive and will produce lesions of the skin, eyes and
mucous membranes on contact. The severity of the lesions will depend on the
length of contact and the concentration of the acid. It has a WEL of 2ppm (8-
hour time weighted average reference period) and 4ppm over a 15-minute

reference period.
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Control methods
Elimination
Before using pickling paste consideration should be given to whether it has to
be used. This largely depends on the fabrication's intended process
environment. Where for example a fabrication is destined for a high
temperature, heat resistant application, scope may exist to eliminate post
weld cleaning and hence the need to use pickling paste. However, in most
cases where stainless steel is used, some form of post weld cleaning will be
necessary particularly where ultra-clean surfaces are required, as in the case
of pharmaceutical and food process equipment.
The scale of this cleaning may however be controlled, eg by avoiding embedded
iron contamination. Ways of achieving this include:
1. ensuring abrasive tools previously used on ordinary steel or iron are
not used on stainless steel
2. where possible, locating stainless steel fabrication away from carbon
steel fabrication to avoid iron contamination from steel grinding,
cutting etc
3. avoid leaving stainless steel sheets on the floor exposed to traffic
4. avoiding contact between iron or steel surfaces and stainless steel
Substitution
Where post weld cleaning cannot be avoided consideration should be given to
using a less hazardous alternative to pickling paste. Where a contract
specifies that pickling paste has to be used, the employer is not exempted from
this requirement. In such circumstances the employer should challenge the

specification.
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A number of alternative methods of post weld cleaning exist, these can be
broken down into two broad categories; mechanical and chemical.
Mechanical cleaning

Mechanical cleaning includes:

1. Dblasting with clean glass beads, walnut shells, steel shot or grit
(although steel shot may result in surface contamination and grit can
produce a roughened surface)
brushing with a stainless steel brush (provided it has not previously
been used on materials other than stainless steel)
grinding with an abrasive disc
mechanical buffing and polishing (although this can cause smearing
which may later result in corrosion)

5.

Consideration should be given to adopting either one or a combination of these
methods before selecting chemical cleaning.

The resulting quality of finished surface will vary depending on the method
or methods chosen. Depending on the final process environment it may not be
possible to completely avoid the use of pickling paste. A follow on application
of pickling paste may for example be necessary for a high-purity process where
a high standard of finish is required. Where this is not the case pickling paste
can more readily be avoided.

Pickling paste is sometimes used where it is not possible to access a weld using
mechanical cleaning methods. This may be partially offset by careful planning
of the order in which a fabrication is assembled and by cleaning welds as
fabrication progresses.

Chemical cleaning
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The main chemical alternative to using hydrofluoric acid is electrochemical
cleaning. The surface to be cleaned is made the anode and a current is applied
which initiates the surface's controlled corrosion. A number of electrolytes are
available such as dilute phosphoric acid or a mixture of phosphoric acid and
sulphuric acid. The fabrication can either be immersed in the acid or
alternatively hand-held devices are available.

In the case of hand-held devices the acid solution is either pumped to a contact
pad at the tip of a hand wand or the tip is simply immersed in the solution.
The connection of an earth lead and the hand wand making contact with the
work piece, completing an electrical circuit. This in turn locally heats the work
surface and the acid solution, activating the cleaning process. The resulting
fumes can be controlled either by local exhaust ventilation (LEV) or by an
extraction system fitted to the cleaning unit. While the acids used are mild in
comparison with hydrofluoric acid, a COSHH assessment is still required
which should include consideration of whether PPE is necessary.

The surface produced is smooth and requires only a wipe down. Due to the
size and shape of the contact pad it may be possible to access welds that are
inaccessible to mechanical cleaning methods. However, there are variations
between different manufacturers' makes and models as to the weld type and

plate thickness on which these devices can be used.
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Precautions
The hydrofluoric acid concentration of the various proprietary pickling pastes
differs slightly. Where it is not reasonably practicable to use an alternative to

pickling paste, consideration should be given to using a lower concentration

EEHEH

FREME ORIEN—A PO T ALKERRIE T DT TR Y 97, REFE~— A
FOREESLEEN TS 2 L RAEMNICEMNTRWESIE, LV IRREDO~—2
NefHT D EEBETOLENRDY £,

56




paste. A higher viscosity paste is also less likely to splash when applied.
However, before starting work with any pickling paste an assessment should
be made of the risks associated with this work. This enables any necessary
precautions to be identified and put in place.

As well as the precautions detailed below, as a minimum gloves and/or eye
protection should be worn when applying pickling paste to avoid an immediate
risk of serious health effects. Adequate first aid should be available (ie calcium
gluconate gel or trained first aiders) even when gloves or eye protection are
worn. In such cases the activity should not be allowed to start or continue
without these control measures in place.

General precautions

The following precautions should be followed:

1. store the paste in its original, acid resistant container which should be
kept upright, away from possible sources of damage and away from
strong alkalis
keep the container's lid firmly closed when not in use
prevent unauthorised access to the paste

provide suitable PPE/RPE and make sure it is worn

A

avoid accidental contact with the paste, in particular take care when

stirring the product and keep the outside of the container clean

o

take measures to avoid the spread of contamination

only use the paste on metals specified by the supplier

8. allow surfaces to cool before applying the paste (when heated the paste
releases nitrous gases)

9. do not allow employees to eat, drink or smoke when handling the paste

10. ensure employees wash their hands and face after working with the
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paste
11. ensure first aiders have been additionally trained in treating
hydrofluoric acid burns
12. Ensure calcium gluconate is available and in date before commencing

work with the paste
Pickling paste can be made up using pickling bath solution and an inert
material such as graphite. This increases the handling of the solution and
therefore increases the risk of splashes and/or spillage. It is therefore
recommended that a proprietary brand of pickling paste is used instead. These
are available in different container sizes. It is recommended that smaller
container sizes are purchased as this helps to avoid future decanting of the
paste into a smaller, possibly unmarked container that may also be
unsuitable.
Care will be needed to avoid the spread of contamination.
Spillages/splashes of pickling paste should therefore be cleaned up as soon as
they occur, using a suitable cloth. Used cloths should be put in a suitable
clearly-marked container, and disposed of according to local waste disposal
authority guidelines. Where possible, contaminated clothing and equipment
should be neutralised and cleaned prior to leaving the immediate work area.
Where this is not possible it should be put in a suitable, clearly marked
receptacle until cleaning can take place. During cleaning suitable hand
protection should be worn. Care should be taken to avoid touching surfaces or
items such as door handles and taps while wearing contaminated gloves.

Further guidance on the cleaning of PPE is contained below.
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Ventilation
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Provide a good standard of general ventilation with 5-10 air changes per hour
with a through draught to dilute the acid fumes from the application of
pickling paste. Local exhaust ventilation (LEV) should be considered where a
large area is required to have pickling paste applied.

The need for LEV should be identified before work commences to ensure that
it is both available and suitable. Local exhaust ventilation should always be
used in preference to RPE which should only be used as an additional control
measure and not as a substitute.

Avoid using pickling pastes in confined spaces as an immediate risk of a
serious health effect will exist where pickling paste is applied in a confined
space without the use of appropriate LEV or RPE. The likelihood of this risk
will depend on the quantity of the paste that is applied and the available
ventilation. However, where ventilation is severely restricted and suitable

RPE is not worn then the activity should not be allowed to start or continue.
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Hand application

Pickling paste can be applied by brush or by roller, both of which should be
acid resistant. Using a roller generates more splashes. While a splash guard
can be fitted, brushing remains the preferred option. Using a roller is also
not recommended due to the contours of weld surfaces. The paste normally
has to be applied in a relatively thick layer. However, care should be taken to

avoid applying excess quantities particularly when applying it overhead.
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In the case of large fabrications the work should be organised to avoid
accidental contact with the paste. For example weld seams that are towards

the inside of the fabrication should be cleaned first.
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Spray application

Spray application generates fine airborne droplets which increases the risk
of exposure. This method of application should therefore only be selected
where application by hand is not reasonably practicable, eg where it is
difficult to reach a weld or where a large surface area has to be treated. It is
essential that where pastes are applied by this method that this is taken
into consideration in the COSHH assessment. This should consider not only
the people carrying out the work but also other people in the area, who may
also be at risk. Safety precautions capable of addressing these risks should
also be established.

Only pickling pastes that have been identified by the paste supplier as
suitable for spraying should be used. The spray unit should also be of a type
specified by the paste supplier. This in most cases will be a pressure pump,
hand spray unit fitted with a hand held lance. Such units are typically
available from the paste supplier. Where possible, compressed air-driven
spray units should be avoided due to the greater potential for over spray.
When decanting the paste into the spray unit care should be taken to avoid
spillage; using a funnel may help. Spray activities should as far as possible
be segregated from the rest of the work area particularly when applying the
paste to a large surface area or when using a compressed air-driven, spray
unit. Non-essential personnel should be prohibited from the immediate

vicinity unless they are wearing suitable PPE.
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Final rinsing
A number of different cleaning methods are available for removing the paste

from the fabrication involving either one, or a combination of:

1. a stainless steel brush (although this could cause surface damage)
2. a damp sponge or cloth

3. a hose pipe

4. a pressure washer

Using a damp sponge or cloth creates the least amount of splashes and the
smallest quantity of waste water and is therefore the preferred method. Using
a pressure washer is the least preferred option. However, for large fabrications
it may be the only practical option. The resulting waste water will be acidic
and may contain residues of heavy metals. This water should not be allowed
to enter the public drainage system without prior treatment including
neutralising with slaked lime. Alternatively, neutralising pastes are also
available which can be applied to the pickling paste prior to its removal from
the fabrication. In either case the local water company should be contacted for
further details before discharging waste water into the public drainage

system.
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Personal protective equipment

Before pickling pastes are used a risk assessment should be conducted to
establish the need for PPE. As part of this assessment the product's material
safety data sheet should be consulted. This should specify the type of PPE that

may be required. If this information is not detailed the product supplier
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should be contacted for further advice. When the assessment is completed,
any PPE identified as necessary should be provided to those people who need
it.

Typically the equipment will consist of:

1. face/eye protection - a full-face shield capable of protecting the throat.
Eye injuries have resulted from splashes of paste passing behind a
person's safety glasses. Sole reliance should not therefore be placed on
safety glasses especially if they are not close fitting. Wearing the
correct eye/face protection is particularly important when the paste is
either applied overhead, sprayed or rinsed using a pressure washer.

2. waterproof, acid resistant, chemical protective clothing - with
elasticated cuffs to prevent contaminated water or paste running down
the inside of the sleeves. To be worn when spraying the paste or rinsing
with a pressure washer. Acid resistant clothing fitted with a hood
should also be worn when the paste is applied over head.
neoprene rubber gloves or gauntlets - which overlap the sleeves

4. rubber boots - primarily for when applying the paste by spray or using
a pressure washer

Care should be taken to avoid contact with contaminated equipment, eg, by
not raising face protection with soiled gloves as this can result in facial burns.
Personal protective equipment should be thoroughly cleaned with water after
use and checked for wear such as pinholes or cuts in the gloves, especially in
the fingertips. These can be detected by filling the gloves with water before
leaving them to dry.

Contaminated clothing should be removed at once and neutralised with

sodium bicarbonate solution before washing separately. When handling the
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contaminated clothing suitable hand protection should be worn such as

neoprene rubber gloves.
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Respiratory protective equipment

Respiratory protective equipment (RPE) should not normally be required
when brush application of pickling pastes is carried out. RPE is needed when
spray application of the paste is carried out. RPE should also be considered
for tasks requiring large areas to have pickling paste applied and where the
COSHH assessment has identified LEV on its own cannot achieve adequate
control.

The RPE selected should be adequate to protect the wearer from the
hazardous substances present and suitable for both the task and the
individual.

Where the COSHH assessment identifies that RPE is required, an air-fed
visor should be worn. Where work using pickling pastes takes place within a
confined space, specialist advice should be sought. This will also be the case
for entry into the confined space and for emergency rescue. Further

information on RPE and LEV can be found on the HSE website.

Mk R eE B

RIEN—A bOT 7 VBT OND & &, FFIRRGELRE (RPE) IT@F LE L X
NREWET T, X—RA NDRT L —BAAR TN D & MR IRFEEE S LE T
T ARIEAN— A N EBATT DT DIT AW A L EE L 3 5K T b MR RS E
HEETHMLENGH Y COSHH 71 A A v MIZzHERCRAMERER 2 HE L
F L7, U fil A4 m#ER TE E£H A,

BRI REEEE 1S, FEHE 2 A EWENOIRE L, EH EEADO I
WL TWARENRDY £,

COSHH DFHfi TRHRRFEREE N MNETH D Z LV L2 maid, ERmf

(27 74— A=) ZEMTLHERHY 3, RIES—X M2 LE
TERED IR D NIZZERN TIT O D 5813 HMEDOT R 22RO LN H &
TY, ZAUL A SN2 ZER~DAY B E BB OT-OIZ b H TITED £,
PR Rt 2 e Y LEV OFEMICOWTIX, HSE O =7 %A F &2 TR ES
[

Training and supervision

Before any employee uses a pickling paste they should be informed of the
associated hazards and risks. In particular they should be made aware of the
potential for serious burns and the required safety precautions. This should
involve detailed instructions and training on the safe use of the paste and the

protective equipment that is needed. The training should also include the
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measures required to prevent accidental skin contact with the paste, both by
those working with the paste and those who are not. They should also be fully
briefed as to the action that needs to be taken in the event of paste getting on
their skin or in their eyes. As part of this training, the Hydrofluoric acid
poisoning leaflet could be issued.

The use of the paste should be supervised to ensure all the required
precautions are followed. This should include supervising the correct use of
PPE.

First-aid treatment

As pickling pastes contain hydrofluoric acid which causes severe burns that
may not at first be painful, first aid treatment needs to be urgent. First aiders
should receive additional specific training in the hazards of hydrofluoric acid
burns and their treatment. This training will not normally be included in
general first aid training and may need to be arranged separately. Records of
training should be kept for the first aiders trained to treat hydrofluoric acid
burns. When treating a casualty the first aider needs to ensure both they and
the casualty are protected from further exposure. Casualties should be sent to
the Accident and Emergency (A&E) department as soon as possible. In all
cases the hospital should be informed of the cause of the injury so they in turn

can give appropriate treatment.
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Skin contact

Contaminated clothing should be removed and it is essential that the affected
area is flooded with plenty of clean, cool water, for at least 5-10 minutes.
Calcium gluconate gel should be applied by the trained first aider on and

around the affected area and continuously massaged into the skin until at
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least 15 minutes after any pain is relieved. The first aider should ensure their
own hands are protected with neoprene rubber gloves of adequate strength
when removing contaminated clothing and when applying this treatment. The
casualty should be taken to hospital and treatment with calcium gluconate
gel should be continued whilst in transit, particularly if any pain has returned
to the injured area. After pain has been relieved the area can be covered with
a dressing soaked in calcium gluconate gel and lightly bandaged.

Calcium gluconate gel is essential to the first aid treatment of hydrofluoric
acid burns. The first aider or another nominated person should therefore
closely monitor the availability of the gel to ensure a sufficient quantity is
always available eg in relevant first aid box . As the gel has a limited shelf life
of two years a method of checking the expiry date and replacing the gel as
necessary, should also be in place. Pickling paste should not be used unless
the gel is available as this will otherwise increase the severity of any injuries

that may be sustained.
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Eye contact

If pickling paste enters the eye urgent action is again required. The eye should
be flushed with water for at least 20 minutes. While this is carried out the
casualty should be transported to an A&E department, that is able to provide
urgent ophthalmological assessment. Not all hospitals can offer this, and the
nearest hospital that can should be identified as part of the risk assessment

and first aiders should be made aware of the name of that hospital.
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Gassing
In the event of gassing the casualty should be removed from the contaminated
area and placed in fresh air, if necessary they should be resuscitated. The

casualty should be sent to A&E department.
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Ingestion

If pickling paste has been swallowed do not attempt to induce vomiting. If the
casualty 1s still conscious, continuously rinse their mouth out with clean, cool
water whilst they are transported to the A&E department.

The following publications are relevant:

e Control of substances hazardous to health: The Control of Substances

Hazardous to Health Regulations 2002. ACOP and guidance - L5
Personal protective equipment at work - .25

First aid at work: The Health and Safety (First-Aid) Regulations

1981 Guidance on Regulation - .74
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e Safe work in confined spaces. Confined Spaces Regulations 1997 - | - R ORI COREAMEFE, RONTZEMHS 1997 - L101
L101
e Hydrofluoric acid poisoning: Recommendations on first-aid procedures | - 7 v{b/KFEH @ ISRLEICE T HHELEHEIE - INDG307
- INDG307
Cutting metals & TIH|
There are several metal cutting processes which produce fumes and health | #&#t = — A L[AHEDO b = — A L REFELZELHT W OO BYIN 7 o
effects similar to welding fume. TARHY ET,

Fume generated by these processes has not been classified as carcinogenic.
The fume, however, is a substance hazardous to health and subject to the
Control of Substances Hazardous to Health Regulations (COSHH).

If the process is remotely operated the control measures should be the same

as for other workers in the area.
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If the process is not carried out by remote operation and the operator is
exposed to the fume generated, you should provide adequate control of
exposure to a similar standard as you would for welding processes.

Common cutting processes include:

e plasma cutting, which uses the principle of a welding arc to cut metal
with a clean profile. Most plasma cutting has pre-programmed
computer numerical control with the operator at a distance from the
fume source
laser cutting, which uses a focused laser beam, usually with an
annular gas jet to create a fine cut, with minimal loss of material and
a quality profile. Most laser cutting has pre-programmed computer
numerical control with the operator at a distance from the fume source
flame cutting, also known as torch or oxygen-gas cutting, is a chemical
reaction between pure oxygen and steel to form iron oxide. It is rapid,
controlled rusting. Only low-carbon steel and some low alloys can be
cut effectively with this process
arc-air gouging, an arc-cutting process where the metals to be cut are
melted by the heat of a carbon arc. The most common metals cut with
the process include cast irons, copper alloys and stainless steel. You

should also control noise risks when using this cutting process
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Controlling the risks from welding
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If welding is part of your work activity, you must carry out a risk assessment
to 1dentify what measures are required to control the risks from exposure to

welding fume.
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e Regular welders will weld for most of their shift and carry out
different types of welding and other associated activities in the same
day, depending on the requirements of their job. Their exposure to
welding fume will be regular and of a significant duration or high

intensity. They will require adequate controls to protect them from the

risk of developing occupational lung diseases.

e Sporadic welders will carry out welding infrequently when it is
incidental to their main manufacturing operation. Engineered fume
controls will not normally be expected for occasional welding carried
out less than once each week and lasting less than 1 hour. In these
situations, ensure that respiratory protective equipment (RPE) and
good general ventilation is provided to control exposure to welding
fume. But, you must also consider the protection of others nearby and
ensure the general ventilation is effective at removing and dispersing
the welding fume. For example, a car mechanic wearing RPE with
good general ventilation in the workplace, carrying out an occasional
short welding job on a car with a broken exhaust support bracket,
would meet the minimum requirement for compliance.

Without controls in place, workers will be exposed to welding fume. This video

shows typical fume emissions arising from MIG welding.
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o No extraction

HSE Health and Safety Executive
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Your assessment should consider factors such as the:
¢ welding process, volume of work and level of fume generated
e size of the component being welded
e metal being welded (mild steel, stainless etc)
e consumable being used in the welding process

When reducing exposure to any hazardous substance, the principles of control

are based on a prioritised approach. You should consider eliminating welding
where possible by using cold joining techniques with:

e mechanical fasteners (bolts, rivets etc), or

e adhesives (such techniques are under continuous development)
If you cannot eliminate welding, consider:

e reducing the amount of welding

e using a consumable that produces less fume

e using a welding process that produces less fume
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e making sure the metal has been properly cleaned and prepared
e automating or mechanising the process or job

e using other engineering controls such as LEV
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LEYV for the most common types of manual welding processes

The most effective way to reduce welding fume is to capture it at source,
protecting the welder and preventing fume spreading.
To adequately control exposure to welding fume you should use suitable LEV

where possible. These may vary depending on the welding activity.
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On-torch extraction

On-torch extraction can be very effective for MIG welding, and you
should assess if it is useful for your task. Modern, bespoke, high-
efficiency welding guns with built in on-torch extraction can provide

really good control.
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- On-torch extraction 7]
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Practical guidance for using on-torch extraction ~—FNHHE D ZAR R iEE
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Extracted benches PR EER

Extracted benches are a good choice for medium and smaller welding jobs that
can be brought over to the bench. When welding larger articles, extracted booths
large enough to house the workpiece with it mounted on a turntable to ensure
the fume is drawn towards the extraction at the back of the booth can be

suitable. This video shows an extracted bench.

PERAEERIL NS E TRLIEAR D PHL R OV ORI L T
WET, K0 REREHEAEET 2581E, FIREICHEZY —27 B — 2%
RTCEDLTHRRESOPFLEXT —ABNBE L CHET, Zhicky, R —
A OYPER T > THEEICKFI SND X 91 £9, ZOBENE T,
FRAMEEBE RN LT ET,

72




- S— - [ HEHEZ I oo B F I3t on=5 2 » 2 FHiTHS = ERTExF
% Extracted bench -]
HSE  Health and Safety Executive
extracie @ ulheh
Movable LEV AERXRETHEREE

Movable LEV units with swing-arm hoods rely on workers correctly
placing hoods and moving the hood as they work. Some tasks require

bespoke hoods.
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Movable LEV

Health and Safety-Exectitive

™ don't work outside

. 2
R

capture zone

\ -

25 B YouTube

The videos above illustrate what good control looks like when LEV is used to
control exposure. The BOHS Selector Tool will help you select the right LEV for
your workplace.

When LEV discharges within the work area, the discharged air must be filtered to
reduce the particulates to a negligible concentration.

Extracted air discharged outside the work area should leave the building at a high
enough level to ensure it will be dispersed. Environmental legislation may also
apply.

The HSE publication Controlling airborne contaminants at work (PDF) gives

guidance on planning, designing, commissioning and testing effective LEV.
The COSHH essentials sheet WL3 Welding Fume Control (PDF) gives more

guidance.
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COSH Essentials Sheet WL3 Welding Fume Control (PDF) %, X » %<
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Respiratory protective equipment (RPE) R0k (R 3 %5 & (RPE)

If you cannot achieve adequate control from LEV alone, or it is not reasonably | AFTHERZEE 721 Tl 22 HilEI23 C X 72 WIGAESC, PR EEE 2 12 it3
practicable to provide LEV, you must provide your workers with suitable | 5 Z & NABANCEHAMITRWIEGAIL, (3£ BIZEY) 7 Mk £ # % E (RPE)
respiratory protective equipment (RPE). Also consider any other workers exposed | Z42fk L7 idiuid 720 A, Flo, O RBKO L~V EEE LT, &
to the welding fume, taking account of the level of general ventilation provided | #2= U 7 N HRFE SN TR NWA L ZFRINL T, B 2 —AlIZS b I

and excluding unprotected people from welding areas. DT EHE L HBE L T IEI N,
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This photo shows although the welder is working in the capture zone, there | = DG EH X, EHEE MG YL XKL TV TV D03, i S TR0k 1
remains residual risk in the form of uncaptured particulate and therefore | DFE TR U A7 HFk->TWNH72, IBIDRPE BMETHDHZ L E R LT
additional RPE would be required. WET,
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You cannot rely on LEV to effectively capture welding fume at outdoor operations.
So, for any welding outdoors, you must provide suitable RPE and consider the
protection of others nearby.

A powered air respirator or a supplied air respirator which combines respiratory,
eye and face protection, with an APF of at least 20, is the best option for arc
welders. Otherwise, if tight-fitting RPE is used, it can become uncomfortable to
wear, leading to workers loosening or removing the RPE.

For work not expected to exceed one hour, a FFP3 tight-fitting disposable mask or
re-usable half-mask with a P3 filter may be adequate to protect against
particulates if the wearer is clean shaven, but these particulate filters will not

protect workers from welding gases contained in the fume.

RPE must be suitable for each wearer. Face fit testing for devices with a tight-

fitting face seal will ensure the equipment selected is suitable for each worker.

You should have an RPE management programme which includes:

e suitable face-fit testing

e a stock of spare parts for example, batteries and filters

e clean storage of RPE when not in use

e compatibility with other personal protective equipment (PPE) you have
provided for the task, for example a welding visor

The HSE publication Respiratory protective equipment at work (PDF) gives more

guidance.
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Other workers in the area

HoIgk oD fth oD 35 85

Workers operating automated or mechanised welding machines or other
workers nearby are unlikely to need RPE if:

o effective general ventilation provides rapid fume clearance and a
through draught to ensure that fume generated from welding is
dispersed and removed. In most welding workshops mechanical
general ventilation will be required because natural ventilation from
open doors and windows is not sufficient to disperse the fume
generated from the work tasks

e they can see fumes generated, but are working far enough away that
they are not near any fume generated and there is no haze of fume
lingering in the air

It may not be possible to have an LEV system in robotic cells capable of
capturing all the fume. So how far away the operators can work becomes one
of the main factors in deciding whether mechanical general ventilation is
needed. Mechanical general ventilation uses fans mounted in the ceiling or
high up on a wall to extract the air in the room and draw in clean air to

disperse airborne contaminants.
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Resistance spot welding

EBHRARy M ERE

Resistance spot welding produces much less fume than other welding
processes like MIG welding. Good general ventilation is usually sufficient to
remove welding fume from low intensity resistance spot welding processes
where the welding is on clean uncoated metal. Eye protection is required to

safeguard against splatter. COSHH Essentials sheet WL3 (PDF) gives more
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advice on fume control.
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Prevention of arc-eye using welding curtains

WD —F v E AW T — 7 IBOFE5

The purpose of a welding curtain or screen is to protect passers-by and nearby
workers from the welding arc light.

Flame-retardant, heavy canvas screens are very common, but many people
prefer to be able to see if someone is welding inside. This means that many
screens are made of 'semi-transparent' plastic. These semi-transparent
screens allow you to see enough to know that someone is welding, but the
material filters out the harmful parts of the light. If there is no need to see
the person welding or for screening in between welding bays, darker or opaque
screens and curtains should be used.

Welding curtains and screens should conform to the British Standard BS EN
ISO 25980 or at least offer the same level of protection as this standard. Some
welding equipment suppliers may refer to this as EN ISO 25980.

The standard does not specify any particular colour, it just requires the
curtain to attain certain levels of performance. This means that suitable
curtains may be available in a variety of colours and levels of 'darkness'. A
reputable supplier should be able to confirm if a curtain conforms to the
British Standard. At the moment, HSE is not aware of any clear welding

curtains that conform to BS EN ISO 25980.
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Personal protective equipment (PPE)

B8 A 4% B (PPE)

Prevent exposure to direct and reflected ultraviolet (UV) light and infrared

rays by wearing protective clothing and using welding screens. If possible, use
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dark-coloured wall coating to reduce reflections.

To protect against splatter when welding, wear appropriate clothing that
covers arms and legs, and use suitable gloves. Wear goggles when chipping
slag or wire brushing welds during preparation or finishing off work.

Specific eye protection including filters for welding operatives (to prevent arc
eye) should conform to relevant British and European standards. There are
standards covering impact resistance, auto-darkening welding filters and
fixed filters. Reputable welding equipment suppliers will be able to help you

make the correct choice.
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Resources

fRHIR

Publications

Health and safety in engineering workshops - HSG129

Safe use of compressed gases in welding, flame cutting and allied
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processes - HSG139
Choosing a welding set? Make sure you can handle it - INDG390
Take care with acetylene - INDG327

Safety in gas welding, cutting and similar processes - INDG297

Hot work on small tanks and drums - INDG314

Asphyxiation hazards in welding and allied processes - EIS45 (PDF)

- By FEBIRLE IO RENENEWR I N TEDLZ L EERL T
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- TEFLOMEEEZ TS - INDG327

- AW, UM OYELLO 7 a - R EB T AR - INDG297

- R L RT AW MEE - INDG314

- WK ORET S 7 o ACBIT D EEDOEBRYE - EI1S45 (PDF)

COSHH advice sheets

COSHH essentials for welding, cutting and allied tasks
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Information documents

e Asphyxiation hazards in welding and allied processes

¢ Post weld cleaning using pickling pastes

e The safe use of oxy-propane preheating

EHCE

- BERUVBEET A o RCBIT A EBDRBRYE
- BEAN—R MEER U BRER OER
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Research
e Welding, Molybdenum Trioxide and Indium Tin Oxide - IARC
Volume 118
e RR683 - Effective control of gas shielded arc welding fume
(PDF)
e RR770 - A small survey of exposure to stainless steel welding
fume (PDF)

o RR338 - Measurement and analysis of magnetic fields from

welding processes (PDF)

e« CRR 388/2001 - Fume emissions from resistance welding

through adhesives and sealants
e Analysis of Weld-Through Primers Arc Welding Tests
HSL/2007/15 (PDF)

e
- R ZRbe ) 77 U R OEREA > Y 2 - TARC Volume 118

* RR683 - T AV —)L K7 — VR = — L O FH 7244 (PDF)

« RR770 - AT 2 L ASERE 2 — A~ BO/NEEE (PDF)

« RR338 - A7 0t A0 5 DRSO HIE & fiAr (PDF)

« CRR 388/2001 - #2541 O —F b (KA Zd Cr-ilpuasszic ks 7

a— L DOHEH
« AR 1 IRT — 7 i BERBR O gt HSL/2007/15 (PDF)

Videos
Video case study Phil Hydes, plater welder and asthma sufferer
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Stop welding fume causing cancer - training video for schools,
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colleges and industry

=N =

80




