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Welding is a widespread industrial process used in
applications ranging from maintenance to produc-
tion work involving the use of automated machinery
and robots. It basically involves the use of heat to
fuse pieces of metal together. Throughout its
history, most development of welding has been con-
cerned with solving engineering problems concerned
with the quality of the weld; little attention has been
given to the quality of the working environment of
the welder. This booklet is designed to provide
workers with basic information about the health and
safety hazards of welding and what can be done to

;eguce the risk of becoming injured or sick on the
job.
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Hazards of Welding

Although there are about 80 different types of
welding and allied processes, the most common is
arc welding. Arc welding includes “stick” welding
{the most common), MIG, TIG (Heliarc), fluxcored,
plasma and sub-arc welding. Other types of welding
use electrical current, laser light, electron beams,
friction, ultrasonic ssund, chemical reactions, heat
from fuel gas and other means to produce welds.

Electrical

The basic welding process involves completing an
electrical circuit through an arc which is formed be-
tween the electrode and the work. This arc is the
source of heat which produces the weld. Although
arc welding is generally done with low voltage (less
than 100V), as with all electricity, there is a hazard of
electric shock. However, environmenteal conditions,
(hot weather, cramped locations, dampness) during
the actual welding can create conditions where
shocks are possible. While a small shock itself is not
extremely hazardous, accidents such as falls can
easily result from reaction to shock. '

Hot Metal

Hot metal and sparks are also hazardous. All
welding produces intense heat which causes burns
and, depending on combustible or flammable
materials in the vicinity, can produce fires or explo-
sion.

Light

The intense light normally associated with arc
welding is another hazard. Not only is there intense
visible light which can produce eye injuries, invisi-
ble ultraviolet light (UV) is also produced. UV light
can create & short lived but acute problem for
anybody exposed to it called “arc eye” or “‘welders
flash.” This condition usually occurs meny hours
after exposure to UV radiation and feels like sand is

in your eyes.
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Shipyard Workers
Discover Phosgene
Hazard

Two welding department -
stewards from shipbuilders
Local 5 at the General Dynam-
ics/Quincy shipyard discovered
that a widely used anti-spatter
spray was hazardous to wel-
ders and other workers. The
“Arc Air" spray, used in MIG
welding operations, contained
chiorinated hydrocarbons
which were broken down into
phosgene—a World War 2
“nerve gas’'—by the action of
the UV (uitraviolet) light from
the arc. Phosgene can cause
death from pulmonary edema
(fluid in the lungs) at high .
doses and permanent lung
damage at lower level chronic
doses.

After some initial delay, Gener-
al Dynamics agreed to recall all
cans of Arc Air Spray and use
only anti-spatter products with-
out chlorinated hydrocarbons.

Credit: MASSCOSH Survival kit
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Gases

Gases are associated with welding processes as a
fuel in gas welding and cutting, as a shielding gas
_and as a product of the heat and light of the arc. UV
radiation is not only harmful itself, it can also pro-
duce some harmful geses in the welding environ-
ment. Ozone, for example, is a harmful but sweet
smelling gas produced by UV acting on oxygen in
the air. Another gas associated with UV radiation is
phosgene, produced by the interaction of UV radia-
tion and chlorinated hydrocarbon solvent vapors
(such as trichloroethylene, perchloroethylene and
others). Other gases found in welding operations in-
clude oxides of nitrogen (NOx) created by the high
temperatures of the arc, carbon' monoxide from in-
complete combustion or when carbon dioxide is used
as a shielding gas and other gases when paint or
other surface coatings are heated.

Fume or Particles

Perhaps the most important hazard associated with
welding is welding ‘‘smoke,”’ which, if breathed for
long enough time and in sufficient concentration,
can produce many different chronic lung problems.
Welding smoke is actually a mixture of very fine
particles and gases. The particles come from
vaporized metal from the base metal being welded,
the electrode coating and filler metal and surface
coatings like lead paint or zinc primer. The composi-
tion of the smoke is variable and depends on the
kind of metals involved and the type of flux
coatings used. Exposure to the welding smoke also
means exposure to many different materials at the
same time and little research has been done on these
combinations of exposure.
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What is Welding Smoke?

The smoke or welding fume is made up of
many ingredients. The very high
temperatures of the arc or other heat
source cause the metals and any otr_\er
materials near the heat to melt, vaporize
and go into the air. As this metal cools it
condenses back to the solid form as very
smalt particles iess than 1 micron in size.
A micron is one millionth of a meter or
about 1/25,000 of an inch; human hair by
comparison is over 100 microns thick.

Non metals from the flux and surface
coatings (containing fluorides, silica ar]d
sometimes asbestos) also become air-
borne. These particles stay suspended in
the air and are small enough to be breath-
ed into the deepest most vuinerable parts
of the lung.

The heat and the light alse act on the’

shielding gas and the atmosphere {air} to
create various gases. These particies and
gases rise in the heated air around the
weld and form the visible smoke plume.
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Is There a Cancer
Hazard In
Welding?

For many years it has been known that many of the
materials that welders are exposed to have caused
cancer in other workers or are suspect human car-
cinogens: chromium, nicke! and arsenic are human
carcinogens; beryllium, cadmium, cobalt, copper,
lead, selenium and zinc have produced cancer in
animals.

More recently, four epidemiological studies of
welders, flame cutters and burners have shown that
welders not only have a greater incidence of chronic
lung disease but have a sigmificant increase in
cancer of the lung and other parts of the respiratory
system. The studies, from Washington State, Los
Angeles and Great Britain, involved many
thousands of welders who died between 1950 and
1976. These studies clearly show an increased risk
of respiratory cancer for welders, but what
materials are responsible for this risk? Although it
has not been proven, chromium and nickel in
stainless steels and other high alloy metals appear
to be likely suspects.

What can be done? Although the proof may not be
strong enough for OSHA to issue new standards
and regulations, welders and their unions should
push for better environmental controls whenever
nickel and chromium are encountered in the welding
environment.
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In 1979, scientists studled a group of
8,000 members of a Boilermakers local In
Seattle. This group Included 3,247
welders who had been union members
between 1950 and 1976. Among all these
workers, there_ was a 31% greater than
normal risk of death from lung cancer, &
67% greater risk of death from
pneumonia, and a 25% greater risk of
death from other respiratory diseases
(emphysema, chronic lung disease, etc.)
For those workers with more than 20
years experience, the risks were greater
still: 69% excess risk for lung cancer and
61% for all other respiratory diseases.




Finding
The Hazards:
Three Questions -

To evaluate the health hazards of any particular
welding operation, three different types of informa-
tion are needed. You should ask yourself the follow-
ing questions:

1 What kind Of Welding Is Being
Done?

Different processes have different characteristics
and produce different hazards. For example, MIG

- and TIG welding have a more intense UV radiation

than stick welding; electron beam welding may in-
volve a radiation hazard; plasma and air arcing are
very noisy; and so on.

2 What Materials Are Being Welded
Or Are Exposed To The Heat?

With mild steel, most of the smoke is iron oxide but
when welding is done on stainless steel, particles of
chromium and nickel are also present. Any surface
coatings, such as plated surfaces (zine from
galvanized parts, for example), paint, preservatives,
oil, or solvent residue, will also vaporize and become
part of the smoke. Make sure you know what is be-
ing welded or heated before you start; welding, even

 for a short time, on a cadmium plated surface, for

example, can be fatal,
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3 Are You Welding In A Phone
Booth, Or, Under What Conditions Is

The Welding Being Done?

It is important to note the size of the space, whether
it is open or confined, how long the welding is going
on, how many welders are working there, whether
ventilation is available and being used and so on.
Several workers welding in a small area with no ven-
tilation for a short time would be exposed to very
high concentrations of welding smoke. Under these
conditions burns, electrical shocks, trips, or other
accidents could also easily occur. If very hazardous
materials are being welded or heated, the situation
could even by life threatening.
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With this as a general instruction, the following
pages describe the most common welding processes
and the hazards of the various materials found in

the welding environment.




Common Welding
Processes

Process

Stick
(SMAW)

MIG
(GMAW).

TIG
(GTAW)

Plasma
(PAW)

Flux
core

(FCW)

Sub Arc
(SAW)

Flame
cutting

Alr arc
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Used For

Gen. purpose,
more than 50%
of all welding

High production/
automation

high precision

process can be
used to weld,
cut, metal spray

high production/
automation, (ltke
MIG with flux
filled wire)

horizontal welds
high production

cutting plate,
weld praparation

“gouging”, weld
preparation

Shieiding

electrode
coating

Inert gas
(Argon,
HeHum),
Carbon
Dioxide

inert gas

gas

wire
fllling
with or.
without
gas
granular
flux

none

none

Smoke/Fume -
high '

moderate

low

moderate/
high

high

low

moderate

very high

Light/Radiation

moderate-
variable

high-esp. with
reflective metal
and Argon shisld

high

moderate/high

moderate/high

no visible arc
unless have
“breakthrough™

low

high

Specific Hazard 3

depends on electrode, e.g.
(low hydrogen-fiuorides)
{hard facing-manganese)}
{stainless-chromium and
nickel)

ozone
carbon monoxide
(with CO: shield)

stainless-chromium & nickel
ozone, light

notse, electrical shock,
potentlal x-radiation

high fume levels

generally low hazard

l compressed gas cylinders

Oxides of Nltrogen
lead {paint)
zinc (galvanized)

noise, high fume leveis

11.
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Other Processes And Hazards (Arc-less) -

Laser Welding uses a2 focused beam of light
{somewhat like concentrating sunlight with a
magnifying glass) to form very precise welds in
many materials. The major hazard of this powerful
beam is to the eyes, especially the invisible lasers of
ultraviolet or infrared light, causing partial blind-
ness when hit with the beam. Special eye protection
(specific to the wavelength of the laser) must be us-
-ed and care must be taken with any reflective sur-
face since the original and reflected beam are
dangerous.

Electron beam welding is similar to laser welding,
with high precision and deep penetration welds pro-
duced in any material by a focused beam of elec-
trons. Since this is exactly how x-rays are produced,
shielding must be present to protect operators from
this hazard (film badges should also be used). The
high voltages required (in the 100,000 volt range)
also present an electrical hazard especially during
maintenance or malfunction.

Spot welding is an arc-less process which makes

localized welds with pressure and the heat produced

by resistence to an electrical current. This is
generally a less hazardous process although flying
sparks can become imbedded in the skin and
elsewhere.

Soldering and Brazing technically are not welding
processes because the temperature is not high
enough to melt the base metal; a filler material is
melted and holds the parts together. The major con-
cern is the materials that are used: lead is the prin-
cipal ingredient in solder; many silver solders con-
tain cadmium; and fluxes containing fluorides are
used.

Gas welding uses a fuel gas, like acetylene, and ox-
ygen to produce heat for welding; flame cutting is
similar. The major hazards are the use and handling
of compressed gas cylinders including breaking off
the valve and creating a rocket, fire and explosion.

12
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Cylinders and equipment must be handled, main-
tained, stored and used properly (see OSHA stan-
dard for detailed requirements.) When welding be
particularly alert to backfires and flashbacks, l?oth
of which indicate potentially dangerous situations
which should be corrected immediately.




Hazardous
Materials Found
In Welding

The principal source of each material is designated
as B = base metal, E = electrode or wire, S = sur-
face coating, G = gas.

Acetylene (G) is a commonly used fuel for gas
welding, cutting and brazing. Like the inert gases
used in welding (argon, helium) it can displace the
oxygen in the air, but the major hazard is its explo-
sion potential. It is explosive over a wide range of
concentrations and is unstable above 15 psi gauge
pressure.

Aluminum (B,E) is a major component of metal
and filler metals. Inhalation of aluminum dust or
aluminum oxide fume is not considered particularly
hazardous. Aluminum particles deposited in the eye
may cause damage to the cornea.

Antimony (B) is an ingredient in many special-
ty _meta.ls. Antimony and its compounds irritate the
skin and mucous membranes. Symptoms of overex-
posure include metallic taste and general stomach
distress.

Arsenic (B,S) may be encountered as a com-
ponent of various alloys (used as & hardening agent)
or as an impurity. It may also be found in paint
{especially green and yellow colors). Arsenic com-
pounds cause skin irritation and inflammation of
the mucous membranes and respiratory system.
The NIOSH criteria document also reports liver
problems and cancer of the skin, lung and lymphatic
system from occupational exposure to arsenic.

14
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Asbestos (E) can be found in the flux coating of

some welding rods (such as E6010) but manufactur-
ers are generally eliminating this ingredient because
of the widespread publicity concerning asbestos
hazards. Asbestos gloves, capes, leggings, blankets
and pads are also commonly used in welding opera-
tions. Asbestos exposure causes serious diseases
such as lung scarring called asbestosis as well as
cancer of the lung, the lining of the lung
mesothelioma), stomach and colon.

Beryllium (B) is often found as an alloying ele-
ment in copper and other base metals. It is extreme-
ly toxic. Exposure to beryllium can cause dermatitis
and chemical pneumonia as well as chronic lung dis-
ease and other problems. NIOSH also considers
beryllium to be a carcinogen. Extreme care must be
exercised in welding any material that contains
beryllium.

Cadmium (S,E,B) is often found as a rust pre-
ventative coating, as an alloy with other metals, as
filler metal in silver soldering (Brazing) and as the
yellow pigment in some paints. Exposure to large
amounts of cadmium can cause anemia, kidney mal-
function and chemical emphysema. Cadmium is sus-
pected of being a carcinogen {prostate}. Extreme
care must be used when welding or silver soldering
metals that contain or are coated with cadmium.

Carbon Monoxide (G) is formed by the in-
complete combustion of carbon containing mate-
rials (like welding on oily parts) or by the breakdown
of carbon dioxide shielding gas. It will also be found
around engine driven welding machines. Carbon
Monoxide is colorless and odorless and cannot be
detected by smell. Common symptoms of over-
exposure include headache, pounding of the heart,
flashes before the eyes, ringing in the ears and
nauses.

Chlorinated Hydrocarbon Solvents (S)

Various solvents are used in cleaning operations like
vapor degreasing. The vapors from these solvents

B = base metal, E = electrode, S = surface, G = gas 1 5
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can be decomposed by the heat and UV radiation
from welding to produce irritating gases like
phosgene (see listing). '

Chromium (B,S) is the primary alloying ele-
ment in stainless steel (as much as 30%) and may be
found in yellow/orange paint. Chromium compounds
have been associated with dermatitis, skin uleers, ir-
ritation of the nasal passages, kidney and liver
damage, lung congestion and erosion and discolora-
tion of the teeth. Some chromium forms (hexavalent)
are associated with increased risk of lung cancer.
Cobalt (B) is an alloying element in high
strength and high temperature alloys and is some-
times found in blue paints. The NIOSH criteria
document on cobalt reports lung scarring, lung sen-
sitization leading to asthma and skin problems from
exposure.

Copper (B,E) is the major component of brass
and bronze and is found in other alloys. Air arc elec-
trodes are copper clad as are some MIG wires. Cop-
per fume can cause metal fume fever {flu-like symp-

toms), irritation of the eyes and upper respiratory

tract and discoloration of the skin and hair,

Fluorides (E} are contained in the coatings of
certain welding rods like the low hydrogen types
(also called basic or lime ferritic). Low hydrogen
coatings are used for all the higher alloy coated elec-
trodes. Fluorides are also used in some brazing flux
materials. Fluoride exposure can cause irritation,
gastro-intestinal symptoms of nausea, vomiting and
diarrhea, and long term exposure causes bone abnor-
malities.

Iron (B,E) is the principal ingredient in steel
manufacture and iron oxide is the major element in
the smoke from any ferrous metal welding. Long
term deposits of iron oxide in the lung, called
siderosis, are detectable but not thought to be dis-
abling. Iron oxide (from mining operations) has been
associated with lung cancer.

16
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Lead (S,B) is found in paints and preservative
coatings, as an alloy in some bronzes and in various -
other uses. A major source of lead exposure is flame :
cutting of scrap material painted with lead paint. -
Lead can cause serious health effects. It is a cumula- .
tive poison which affects the stomach and digestive -
system, central nervous system, kidneys and blood. -
Symptoms include metallic taste, loss of appetite,
nausea, stomach cramps and insomnia. Later,
anemia and a general weakness develops. Chronic
overexposure to lead impairs the reproductive
systems of both men and women.

Magnesium (B) is an element alloyed with
aluminum and other metals and used in aircraft
structural parts and in tool making. Magnesium is
an irritant to the eyes, nose and throat and ecan
cause metal fume fever as well as digestive dis-
orders.

Manganese (E,B) is often contained in welding
rod flux coatings and is used as an alloying material.
Exposure to manganese fumes can cause irritation,
mucous membrane irritation as well as manganese
poisoning, a chronic neurological disorder which
produces weakness, difficulty walking, mental con-

. fusion and speech disturbances.

Mercury (S) compounds are used to prevent rust
and to inhibit foliage growth (marine paints). Mer-
cury vapors are produced when these coatings are
exposed to heat or flame. Exposure can produce
fever, difficulty breathing, nausea, vomiting and ex-
cessive tiredness. Long term exposure can produce
tremors, emotional instability and kidney damage.
Molybdenum (B) is an ingredient in some
types of steel. It may produce eye and mucous mem-
brane irritation but no instances of toxic effects
have been reported in industry.

Nickel (B,S) is another major alloying material
of stainless steel and copper and is also used for
plating. Nickel is a carcinogen associated with
nasal, lung, throat and kidney cancer. Nickel is a

B = base metal, E = eiectrode, $ = surface, G = gas 1 7
=




PHOSGENE
ACETYLENE

NITROGEN DIOXIDE
OZONE

GASES

CARBON MONOXIDE

PHOSPHINE

MANGANESE TITANIUM

FLUORIDES IRON
MOLYBDENUM

TIN VANADIUM MAGMNESIUM

PARTICLES

ALUMINUM COPPER

LEAD
MERCURY
COBALT

SILICA

ANTIMONY

TUNGSTEN ARSENIC

CADMIUM BERYLLIUM

ZINC
CHROMIUM

SUSPECT CANCER

ASBESTOS
NICKEL

Uv LIGHT
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Weiding can be hazardous to your health. The in-
tense light can harm your eyes and skin, the
smoke can give you lung disease. Sparks and hot
metal can burn and start fires or explosions.
Vapors from solvents, paints, oils, or plating
metails can harm your health in different ways. You
can be shocked by electrical equipment. And ac-
cidents are possibie, especially in awkward posi-
tions or confined spaces.



potent skin irritant and causes a dermatitis called
**Nickel Itch.”

Nitrogen Oxides () especially nitrogen diox-
ide, are formed by the heat of the arc or flame on the
air in the vicinity of the heat source. The gas is
mildly irritating to the eyes, nose and upper res-
piratory tract but is hard to detect. Dangerous con-
centrations can be inhaled without discomfort, but
produce serious lung problems (pulmonary edema)
several hours after exposure. Flame cutting in con-
fined spaces can be particularly dangerous.

Ozone (G) is produced by the ultraviolet light
from the arc acting on the oxygen in the air. It has a
characteristic “electric” smell and decomposes
rapidly once the arc welding stops. Ozone is irritat-
ing to the respiratory tract and may produce head-
ache, chest pain and dryness in the mouth and
throat.

Paints (S) Various painted or primed surfaces
may be encountered in welding and cutting opera-
tions particularly in shipyards, demolition and
maintenance work, Although not always possible,
as a general rule, welding should be done before
painting or the paint should be removed before
welding.

There are various kinds of paints such as acrylic,
cresol-formaidehyde, epoxy, phenol-formeldehyde,
polystyrene, polyurethane, polyvinyl-butyral and
PVC, which decompose when heated to produce
toxic materials. These products include carbon
monoxide and specific aldehydes (such as for-
maldehyde) from most paints and specific products
from some of the paints: acrolein {a highly irritating
gas) from polyvinyl-butyral; nitrogen dioxide, am-
monia and “epoxy residues” from epoxy; styrene
from polystyrene; methyl methacrylate from
acrylic; nitrogen dioxide, hydrogen cyanide and iso-
cyanates from polyurethane; cresol and phenol from
those resins and hydrogen chloride and phosgene
from PVC, The pigments in the paint or primer in-

18

clude metals such as aluminum, cadmium,
chromium, iron, lead, magmesjum, titanium and
zinc,

Phosgene (G} is formed by the decomposition of
chlorinated solvent vapors by the ultraviolet light
from welding. Welding should never be done near a
vapor degreaser or on parts still wet with solvent. In
low concentrations phosgene has a sweet but not
pleasant odor sometimes described as musty. Symp-
toms include tearing and respiratory tract irritation.
Acute exposure can produce dizziness, chills, dis-
comfort and cough, which may not show up for 5-6
hours.

Phosphine (G) or hydrogen phosphide can be
produced when steel coated with phosphate rust-
proofing is welded. This gas is irritating to the eye,
nose and skin and acute exposures produce head-
ache, dizziness and pulmonary irritation. Chronic
exposure may produce sight and speech disturb-
ances.

‘Silica (E) can be found in the coatings of some

welding rods in the form of silicates and free silica.
Free silica, also called cystalline silica or guartz can
cause lung scarring called silicosis, a serious and dis-
abling disease.

Silver (E) is a major ingredient in many silver
solders. The health effects of silver exposure are a
permanent discoloration of the eyes and skin,

Tin (B) is an alloy of brass and bronze. Tin oxide
accumulates in the lung but is not considered toxic
or disabling.

Titanium Dioxide (E,B) is a major ingredi-
ent in welding rods designated as rutile. Titanium is
also a major alloying material used for lightweight,
high strength parts such as aircraft or aerospace ap-
plications. Some titanium compounds can be irritat-
ing but are generally considered low in toxicity.

Tungsten (E) is a high melting point metal used
as the elctrode in the TIG or ‘“Heliarc” welding

B = base metal, E = glectrode, 5 = suriace, G = gus 19
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process. These electrodes are termed non-consum-
mable to distinguish them from stick welding elec-
trodes or MIG wire which is consumed or melted
into the weld. In practice, these electrodes are slow-
ly consumed and are a small part of the welding
fume. Occupational exposure to tungsten and tung-
sten carbide can cause disease but this is unlikely in
welding. However, tungsten electrodes often con-
tain 2% thorium, a radioactive material. Although
onily small amounts may be present in TIG welding
fume, inhaling radioactive material allows the mate-
rial to continually irritate the lung and may cause
lung cancer.

Vanadium (B) is an element used in some
specialty steels as well as electrode coatings. The
NIOSH criteria document reports respiratory tract
irritation, bronchitis, discoloration of the tongue,
dermatitis and skin irritation from occupational ex-
posure. Vanadium has been found as a residue in oil
fired boilers.

Zinc (B,S) is a metal which is used as an alloying
material for brass and other metals but is also used
extensively for galvanizing. Welding on zinc coated
parts produces large quantities of zinc oxide fume
which causes metal fume fever {also called Monday
Fever, galvo, zinc chills and others). This condition
is like having the flu for one day, and is easy to mis-
diagnose. It is very uncomfortable but not thought
to have any long term effect,

:
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Confined Spaces

Confined spaces can be defined as any area
that is relatively small (or has many people
working together), has limited egress and re-
stricted air flow or ventilation. The OSHA ship-
building standards (29CFR 1915, 1916 and
1917) define a confined space as“...a com-
partment of small size and limited access. .
which by its size and confined nature can read-
ily create or aggravate a hazardous exposure.”
These can be useful definitions but don't let
definitions take the place of common sense;
welding inside any tank, for example is always
dangerous.

It is obvious why these areas are especially
dangercus, but it is useful to explore these
reasons in more detail, The work may involve a
particularly hazardous material or surface coat-
ing, like lead or zinc based paint, or may invoive
the use of a welding process that produces a

lot of fume. In a small space dangerous con-

centrations can build up very quickly,

Second, welding processes use oxygen and in
confined spaces may reduce the level of ox-
ygen below safe levels. Welding smoke or
shieiding gas can also displace the air, Both
conditions can cause unconsciousness or
death from suffocation.

Third, there is little chance for escape in case
of fire or explosion. Sparks can ignite combus-
tible materials like paper or wood and touch off
explosive vapors which may have been created
by the heat from the process. A small fire
which could easily be extinguished in the open
can be life threatening in a confined space.

Finally, confined spaces may involve exposure
to safety hazards like tripping over or falliing
against structural members and often increase
the hazard of electrical shock or electrocution,
Many confined spaces are metal and part of the
electrical circuit. in addition, the heat and
small space means increased sweating and the
moisture decreases the resistance to electrical
current.

21




Control Methods '
and Practice

Elimination/Substitution

Most welding hazards can be controlled with proper
engineering and planning of the job. The first stage
in any attempt to control welding (or any) hazard is
to determine whether the job has to be done the way
it is being done. If there are hazards, they should be
eliminated by changing the job or by using substi-
tute materials. For example, if welding is being done
on painted parts, ask why the parts must be welded
when they are painted. Can the welding be done at a
different stage in the process or can the coating be
removed?

Other examples of engineering controls using sub-
stitution include:

» using the sub arc process where possible to min-
imize the light and fume created by the visible arc;
* using cadmium free silver solders;

» using asbestos free electrodes, gloves and hot
pads;

+ using a water table under plasma arc cutting to
reduce fume and noise levels;

« grinding parts instead of air arcing.

Automation

In many industries the welding process is being
automated. This ranges from MIG welders mounted
on tracked rails to fully automated robots on the
assembly line. In some cases the automated process
produces greater production, higher smoke levels
and more hazardous conditions, but the introduc-
tion of robots is often justified on health and safety
grounds. The workplace is safer for the welder
because the welder is no longer there! Technological
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improvements in the workplace are important.- but
workers and their unions must be prepared to deal
with the issue of job elimination.

Ventilation/Shielding

If elimination or substitution is not possible, haz-
ards should be contained at their source. Light from
an arc can be shielded, smoke can be removed by
local exhaust ventilation or the use of a “sucker”
placed as close as possible to the arc. (Use of a
sucker can increase UV radiation and ozone forma-
tion, so some additional steps might be needed to
reduce these hazards.)

General exhaust ventilation, with a pedestal fan, a
blower or an open window, provides some relief but,
except for ozone, is not as effective as local exhaust
ventilation. (Ozone, created by the light, is out of the
range of local ventilation at the arc.)

Local exhaust ventilation can be used in several dif-
ferent ways. The welding can be done in one location
with a moveable hood, vented outside, positioned
where the welder needs it. A second system is like 2
portable vacuum cleaner which can be moved
around with the welder and placed close to the arc
where it is needed. These devices often have filters
which clean and recirculate the air. These filters
must be maintained properly so that dirty air is not
recycled. Another system can be used with MIG,
flux core, plasma and other types that use electrode
wires. These devices are built into the gun or attach
directly to the gun end exhaust the fume at the
point where it is generated. Complaints about the
weight of the gun and about disturbing the gas
shield can be overcome by using lighter materials
and providing welder controlled adjustments in the
exhaust rate.

Other shielding methods include barriers to protect
other people in the area from viewing the welding
arc and avoiding shiny surfaces for welding booths
by painting with non reflective, light colored zinc
oxide or titanium dioxide base paints. The welding
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helmet shields some of the fume, especially those

with a curved front. Some welders attach a leather
flap to the helmet to improve shielding from the
light of the arc and to keep the welding smoke from
coming up under the helmet.

Work Practices
Work practices can also be used to minimize expo-
sure to welding hazards. These should be used along
with engineering controls not in place of them. Use
of ventilation and other control devices should be
" made an integral part of the job because piece work
jobs, for example, provide an incentive to short-cut
health and safety. Training of welders in the health
and safety aspects of the job provides an incentive
. to minimize exposure and an example to other weld-
ers. If the welder knows what he or she is working
with, precautions such as positioning to avoid the
rising smoke plume and avoiding the smoke of other
welders will be practiced.

Personal Protective Equipment

The nature of welding makes certain personal pro-
tective equipment necessary for protecting the
welder: :

¢ All welding requires some form of eye protection
{darker shades for more intense light) plus safety
glasses, protective clothing (woolens are best, syn-
thetics worst), gloves, headcap, hard toed shoes,
button down shirt pockets, cuffless pants, etc.

* Depending on the type of welding and the posi-
tion of the work other equipment may be needed.
Heavy duty welding might require leather gauntlet
gloves, jacket, apron and spats. Overhead or ver-
tical welding will require a cape or other shoulder

protection. Ear plugs are sometimes worn as protec-

tion from flying sparks as well as for noisy air arc-
ing, grinding and plasma welding or cutting. Hard
hats are needed when there is an overhead hazard
and life lines can be important in dangerous con-
fined spaces or when there is a falling-hazard.
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*Other workers in the area should heve safety
glasses (preferably tinted) with side shields.

Respirators

The above equipment is essential and must be pro-
vided, but Respirators should only be used if other °
engineering controls are not feasible or during the
time they are being installed. It might also be appro-
priate to use a respirator for a short time job and, of
course, it is better to use some protection rather
than be exposed to hazardous fumes,

If respirators are used they must be specific to the
hazard, properly fitted and properly maintained. In
addition, operators must be examined by a doctor to
determine if they can safely use a respirator. OSHA
ng.eral Industry Standard 1910.134 details the
minimum program for use of respirators.

Two respirators are worth mentioning. A disposable
type respirator (3M 9920} which filters out dust,
fume and mist, has been approved by NIOSH. 1t is
comfortable and will filter out the very small par-
ticles of welding fume, but not the gases. The other
type of respirator, made by Racal and others, is a
t)_rp'e of helmet. It provides a flow of filtered air, pro-
viding respiratory protection and cooling without
the fitting problems of other respirators. This
system has been adapted for welding applications.

RAacal heimet Local exhaust vanillation
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- OSHA Standards

OSHA standards can often be used to bring pres-
sure to change conditions on the job, even without
celling for an inspection. There are standards for
safety aspects of welding; however, the standards
for air contaminants are for separate materials in
the fume. There is no standard for total welding
fume and no standard related to combined effects of
materials in the fume.

The General Industry Standards apply unless there
are more specific standards for an industry, e.g.
Maritime or Construction.

General Industry

29 CFR 1910.252 Welding, Cutting & Brazing (see
selected requirements, pg. 31).

Paragraph

(a)Oxygen fuel systems

(b)Arc welding and cutting equipment

{c) Resistance welding equipment

_ {d)Fire prevention and protection

(e) Protection of personnel. . .eye protection, work
in confined spaces.

(f) Health protection and ventilation... precau-
tionary labels (cadmium, fluorides), general ven-
tilation; local ventilation; special precautions for
fluoride compounds, zine, lead, beryllium, cad-
mium, mercury, cleaning compounds, cutting of
stainless steel and first aid equipment.

(g)Industrial applications.

29 CFR 1910.1000 Individual standards for air con-
taminants (see table).

Maritime

29 CFR 1915 {Ship Repairing), 1916 (Shipbuilding),
1917 {Shipbreaking)

Subpart D—Welding, Cutting & Heating
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Section .31 Ventilation and protection in welding,
cutting and heating.

Section .32 Fire prevention

Section-.33 Welding, cutting and heating in way of
preservative coatings

Section .34 Welding, cutting and heating of hollow
metal containers and structures

Section .35 Gas welding and cutting

Section .36 Arc welding and cutting

Section .37 Uses of fissionable material in ship-
building

Construction .
29 CFR 1926. Subpart J—Welding & Cutting

1926.350 Gas welding and cutting

1926.351 Arc welding and cutting

1926.352 Fire prevention

1926.353 Ventilation and protection in welding,
cutting, and heating

1926.354 Welding, cutting, and heating in way of
preservative coatings, -

Selected requirements from OSHA General In-
dustry Welding standards (29CFR 1910.252)

Section .252(a} Oxygen—fuel systems

Only approved apparatus such as torches,
regulators, etc. shall be used.

Compressed gas cylinders shall be legibly marked
with the gas content.

Cylinders shall be stored upright in ventilated, dry
locations at least 20 ft. from combustible materials
such as oil.

Valve protection caps shall always be in place, hand
tight, except when in use.

Oxygen cylinders-and fuel gas cylinders must be
stored separately at least 20 ft. apart.

All Oxygen cylinder apparatus must be kept free of
oily and greasy substances (fire hazard).

Cylinders shall not be placed where they can become
part of an electrical circuit.

Other requirements for manifolding of cylinders,
service piping, acetylene generators, calcium car-

bide storage.

Section .252(b) Arc welding and cutting eqmpment

Persons designated to operate arc welding equip-

ment shall be qualified and tralned to operate the
equipment safely.

Only specially designed machines shall be used
when exposed to conditions such as corrosive fumes,
excessive humidity, oil vapor, flammable gases,
vibration, shock, dust and weather.

Open circuit (no load) voltages should be as low as
possible but not to exceed 80V for a/c manual
welding or cutting and 100V for automatic (machine
or mechanized) arc welding or cutting and dic
welding.

Input power terminals, terminels for welding leads
and live metal parts shall be enclosed and protected
from accidental contact.
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PART 1910
OCCUPATIONAL SAFETY AND
KEALTH STANDARDS

SUBPART Q—WELDING, CUTTING, AND BRAZING

1910.251 Definitions.

1810.252 Welding, cutting, and brazing.

1910.253 Sources of standards.

1910.25¢ Standards organizations.

DOCUPATIONAL BAFETY AND HEALTH . [LHE-D i Lt |
STANDARDN AND INTERFRETATIONS
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Before starting to weld the following shall be check-
ed: proper hookup of machine, grounding of
machine frame, leaks of water, gas or engine fuel,
switching equipment for machine shutdown, and
wear and damage to cables.

Cables shall be uncoiled before use, should not be
looped around the body and shall not be used with
splices within 10 ft. of the holder.

Section .252(c) Resistance welding equipment

All press welding machines shall be guarded similar
to that required for punch presses.

The hazard of flying sparks shall be eliminated by
installing shield guards.

Section .252(d) Fire prevention and protection
Whenever possible, welding, cutting and brazing
shall be done in designated areas designed for fire
protection.

Appropriate fire extinguishers must be on hand for
instant use.

A fire watch shall be required whenever welding or
cutting is done in an area where more than & minor
fire might develop.

A responsible individual must be designated to
authorize welding or cutting (hot work).

No work shall be done on used drums, barrels, tanks
or other containers until they have been thoroughly
cleaned (purging with inert gas is also recommend-
ed).

Section .252(e) Protection of personnel

Welders and helpers working on platforms, scaf-
folds or runways shall be protected against falling.
All welders, helpers and attendants shall be provid-
ed with proper eye protection (proper shade no.
should be selected).

When work permits, the welder should be enclosed
in an individual booth or with non-combustible
screens which allow air circulation at floor level.
Confined Spaces are intended to mean “a relatively -
small or restricted space such as a tank, boiler, -
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pressure vessel or small compartment of a ship.”
Ventilation must be provided, welding machines
and gas cylinders must be left outside. If entrance is
through a manhole, an attendant with a preplanned
rescue procedure must constantly observe the
welder and be able to quickly remove the welder in
case of emergency.

Section .252(f) Health protection and ventilation

The amount of contamination welders are exposed
to depends on the size of the space, the number of
welders and the materials involved plus other fac-
tors such as atmospheric conditions, heat generated
and presence of volatile solvents.

Precautionary labels are required for all filler
metals, brazing filler metals containing cadmium,
and fluxes containing fluorine compounds (fluorides).
Ventilation {(general) at the rate of 2000 cubic feet
per minute per welder is required (1) in a space of
less than 10,000 cubic feet per welder, (2) when the
ceiling height is less than 16 feet, and (3) in confined
spaces {cross ventilation obstructed).

Special ventilation and/or respiratory protection is
required in confined spaces; when fluorine com-
pounds, zinc, lead, berylium, cadmium and mercury
are encountered; for cleaning compounds; and when
cutting stainless steel.

First aid equipment and trained employees shall be
present.

Section .252(g) Industrial applications

Requirements for transmission pipeline and
mechanical piping systems.

34




[
i ainsodx3 g G 09 g (051) & g awny
S|QissiuLad —13d SNBA WE PIOUSAIYL—ATL apIxQ 2u|Z
‘BINJISU} SPIEPURIS [BUONEN URDLIWY —ISNY . . . . . . wn
ts1siuaBAH (episnpu| [eluawusacy jo acums; 50 G Ot 080 080 18 ° A“
407 UBILBKIY ~ HIDIY ‘Yi|eaH pur Ajd1eg (euol) apixojus
-edAd2Q 10 AINHISU] jeudilEN—HSOIN ‘ucpel wnIpeUeA
-SIUNLIPY Y)EaH PuE A19ES |BUONRANIDO—~YHSO
suojuAeigay © G - = I - (suow) uajsbung
_ - - ot — 51 apIxop
wniuey |
_ —_— = 1oL — Gl apixQ Wi
B - - - L —_ Lo v oeans
Z sisY sabueyn pepualu) Jo ION 1864 B — £ 0Ll0 wdd ¢ wdd ¢ aulydsoyd
swOuw 50" . . dd (ozwddy” wdd - auabsoud
$0°0 Sis|| SeBuEYD PEPUAIU JO 3OKION 1861 750 00 Ot wad 1 o¢ .
‘anjea sjyl 0) payanbel aq pINOYS 1A fl b _— — wdd - — wdd JIUOZO
42 (1€ ‘owefouased-uou si i eyl Buimoys o) g a2 wdd ¢ o) wdd 0 widd g apIxoIp
UOJIEWIO}UY JBYI0 JO ADUBSHE BY) U} 1A 1D) uabosjIN
Wwnjwoiyd Jusjeaexay jo voiod uabouts
-182 ey} 10} pBpUGWWODA) §f piepuels st [€] L 1 08 ! Sior I (eD) 19%0IN
-s0)s6qse o adA) oy} uo Bujpuadap E — - 09 oL —_ Sl wnuapgAjloN
23519qy Z O} Z'0 WON SBUBA pJEpUR|S . i ! . A
e ay; uj uebixo sadeidsip) 50 S0° O10 S0 S0 ‘ AndIay
wepAydse ajdus @ 8q 0} paisp|sua] [i] L gZ oF I - a9 %E:_
ue
‘suaBou2Jea uewny Jaadsns 10 vewny esaue ! W
8q 0] paujuselep ueeq aawy uoipubisap —_ — —_ 1] 8 —_ SL awny apxo
SIY) yum S|EUeleRyy C,.J8Juen,, sueaw ) wnisaubepy
l v
(ye Jo awn|oa 1ad jueuiwe) 50’ L° 00 Gl- L [s1} pean
-u02 JO AWNJOA B) LO||W Jad Sued SuBl wdd 5e _ . G — ol autny apixQ ol
-aun} AUB j2 papadoxe agq JoUUES Jey) . . g
uoyEHUAIUCS € JO anjep |, Buen,, sueaw 2 Z s oV ) Gc G¢C soapuoni4
‘pepeesxe aq JouuEd z — 0 2 — L awn) jaddo)
1ey; Aepyiom ay; Bupnp ainsodxs sbesare S0 L og _M_ L o L 11EQOD
oy 1o ° abeiaay pewybiap Awyl,, Suesw  YML . .
-3, € Aq pamoyiog ssajun GO - - G0 [E1100 L (en) wnjwoiyd
S, VML 812 SIN|eA [y "3SIMALHO Pajou SSajUN n:_w (D002) apixouow
JO BWNOA 190 BUIWRILOD JO JyBlam €) (L) w) dd wdd wdd 0s uogqien
1 og 08t wdad 0% SE
1elaw 24qn3 jad sweiby)iws Se pasyy 31e Sanea Iy - ! R . [t
aiqeg 10§ 590N 207 G0° Ot 050 (oz0) vo (oe) L auwny wniwpe)
“yead yoea pajepdn {D500)
seuyapinG auaiBAy |RlIsNpUr 2B SATL HIDDY 200 200°DL00° zZoo G000 200 {e0) wnijliag
‘UOKEULIOJU) DIPIUAIIS JUAIND UG PISE] YHSO O © (0oL 20
SUOIEPLEUWIIDTE) 1B SjUBWA3I0Q SPAIND HSOIN ; @ 2951991} G (51801 Z ﬂmou $0}159qsy
LI6L e ’
pUE QgL USBM]EG SPIEPURTS ISNY LU0 10 1511 AL ) o0 oF el 200 10 (en) ojuasiuy
HIDOV §961 AUl WOI} UIKE] A13M SPIEPUR]S 853y ¢ ¢ OF G g G Auounjuy
‘{padojarap Uaaq aAey SPIEPUEIS Mau LDIUM 10)) P - Si wnuniy
peaT pue $o|saqsy ‘Jluasty 10 1daoxy ‘2unsodxa - - - :
10 shwi) jeBey ay) 34 'S, 13d IO 'SPISPURIS YHSO — — - Ky — (auou) mcm_bmuM
A o N o
o g ) M > n oe )
(aae.w ° a2 (& . OGv &//.v vﬁo n.vo 6@/
60027 ofmobo Gof.ﬁnc. ..uvﬁfv./o .w..a/) 4 aw//v o O/dr <9 ,bdr a2
ey o /rm.
o /?/

sauljapIny pue spiepuels jueujweluo) Jly




