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Gas and Electric ‘Welding .
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WEDNESDAY MORNING SESSION
October 28, 1942

" Presiding:—R. H. Fm‘ixsou,'-ngr., Safety Dept, Republic Steel Corp, Cleveland

Safe Pmc!ices in War.Time Applicahon of Weldinq
' By HENRY A. MATIS
. Pullman-Standard Car Manuficturing Company, Pullman, Chicago, TiL

Conservation of our labor, .;veldmé labor,

- is. advanced through the observance of sun-
ple rules of safety:

1. Wearing of proper shoes: and clothing.

* 2. Use of proper protectwe eqmpmcnt for
the glare of the arc or flame.

3. Useof adequate‘mhlatxon from fumes.
4, Waringofgokglsata]i times.

5. Removal of all combusﬁble material |

from_job.

6. Elimination of and care aronnd loose ;

tools, equipment, cables, hoses, etc.”

-7. Awareness of one’s position with re-
spect to himself and others and -his sur-
- roundings. ;

We havc found through long yars of ex-
perience in car building and more recent!y
-on our work on government ordnance proj-
ects that these factors do promote safety,
create more productxve man hours and so
conserve labor.

- Whenever working around an open flame,

. arc, etc., clothing of a proper nature should

be worn so that there is less danger of fires
starting. Woolen clothinig 'is always better
than cotton, not only from changes of tem-

‘95

perature, but also because it does not ignite
- easily. Overalls, .jackets, etc., should not be

grusyoroﬂyforﬁlesamerason. As a
protection from sparks, splatter, or- slag,
leather gloves, sleeves, aprons and jackets
can be worn.

In our plants we are very insistent that

proper clothing be worn. -Leather gloves,

. sleeves, etc., are on sale at cost so that the

welder can obtain them easily. Safety shoes
are a “must” necessity. A welder, whether
he is in the aircraft division, tank division,
or the shipbuilding division of our company,
must wear safety shoes. By so doing his
work generally is ‘speeded up when the num-

- ber of foot i uunnu are decreased.

" In the use of we!dmg or cutting :t is im-

portant that the eyes be protected from, the
heat and the glare of the-flame or the arc.
In this same regard and as a further pro-
tection to the skin because of the.intensity
of the ultra violet and infra red rays, weld-
ing helmets or shields should be worn in arc
welding. Properly selected goggles are suffi-

cient for protection of the flame. In both’

cases, the colored_lens must be adequate for
the job at hand. Valuable information for the
specifications for eye protection can be ob-
tzined from the “National Safety Code for
the Protection of the Heads and Eyes of In.
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“Whether the slag will be removed

"dustrial Workers” issued by the Nahonal
Bureau of Standards, Washington, D. C.

Welding should be performed in separate
rooms or in locations where screening is
possib!e in order to eliminate the danger of
eye injuries from'reflected or direct rays of
the arc to.other workers or passers-by.
Where many .welders are working, as on a
ship section, then care should be exercised
by the welder in striking the arc as a con-
sideration of his fellow workmen. As a pre-
caution to protect their eyes, the ‘workmen
nearby, whenever the arc is struck, should
adequately shield their face and eyes.

Ventilation is an important factor in weld-
ing. Health hazards result from the con-
tammahonofﬂmeaxrfromwcldmg In large
open shops or in the outside atmosphere,
fumes can dxss:pate themselves without re-
sulting injury, but, in smaller shops, schiools,
or in“restricted spaces, such as compartments
or holds of a ship,: ventilation must be used.
In these places enough ventilation must be
installed to insure good visibility and 2 com-
fortable working temperature. Usually one
hundred cubic feet per minute per operator
is sufficient ventilationr- for most work. Port-
able ventilation systems are very useful in
ship constraction work for local exhaust.

Inthewddmgofgalvamzzdsudandxts

type of filter rspxrator that fits under the
hzllxget will give adequate protgctnon ‘to the
welder.

Goggles are worn by the welder at all .
txmstopmtectlnseys. Theyarevalnable'

protection when :removing slag. from welds
cither before or after the wddmg process.

hammer or not, on cooling it pops-up par-
ticles that may, enter the eye just as easily
asdmngﬂxednmngprocssonthesl'ag

met for the added protection whenever the
helmet is raised or off of the man's bud.
Eye mjury with its resultant handmp
very rare in our plants.
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: mfuuprodncuonandmconservelabor

we are also conscious of the parts that sabo-
teursaudarsomstsmphymhmdenngour
effort. - Without a great-deal of imagination
we could be a tool in ¢heir hands to accoms
plish their purpose or we could uninten-
tionally achieve the same thing if we allow
combustible materials near welding arcs or

flames, When every small fire is & potential.

big fire, definite rules must be set up to
avoid a stoppage of producﬁon from this
cause, .

a. Domtpu‘iormcumngorwe!dmgm_..
flammable vapors

of mear rooms
or lxqmds or u:posed loose combustible ma-

b. Welding or cutting should not be set
up near dipping or spraying rooms. Work
performed in a hazardous location is mot
safeworlr. \

Ifcnthngorweldmgmnstbedooeou

a floor” that is combustible, the floor should-
be kept clean and should be wetted down -

before starting work. Wooden floors should
beooveredthhame&lornon—eanbusﬁble
material. .

cannot .be easily removed or protected, a -

smaﬂhose.chumalexnngmslms,or-ﬁn
paﬂsshouldbemvanmﬂyplaced.

Talnngthesefactors mtoaecmmt, ‘fires
will be prevented. All.of us know too well
the lesson that was brought so forcefully
home to us in the disaster. to the ship Nor-

Many cases of stumbling or falling are -

due to loose tools, equipment, cables, or

‘hoses lying around in disorder.’ Good house-

keeping, orderliness, and salety conscious-
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" ness willeliminafe these hazards. *Passage- made easier and safer, but his fellow workers’
> Jadders, openings, ditches, etc., should . opportunity for doing their jobs-faster and
B safer i3 furthered i . ) *

me will diminaee'-"mis Ha:rﬂ. .. These many factors—proper clothing, pro-

s R o tective equipment, ventilation, goggles; fire
A welder or a worker, on whatever job prevention, elimination of tripping hazards, -
be doing, must be conscious not, and the regard for others helps all of us in-
only of his own safety but of the safety of dividually and collectively to conserve our
s néar at hand. By his own efforts so that each of our jobs can be done.
safety efforts, his own work not -only is faster and better, - :

. Hoalth’ Aspects of Weldingr
" By A.G. CRANCH, M. D.
Union Carbide Company, New York City.
: and

" .B.L. VOSBURGH, M. D. ' Lo
General Electric Co.; Schenactady, N. ¥. = - = = ..

\ The biealth hazards of welding may be classed * cular (1) giving much detailed information
/' as “real and unreal”. , The former. should not - on the composition’ of welding rod codtings
be ignored, hor shotld the latter be allowed and fluxes. This was based on patent in-
to catise undue alarm. ‘The real hazards are  formation, purposes served’ by, the various
not mysterious; they should be easily under- . ingredients and anmalyses of many typical
.and. means for protection are available and the “mystery.” . Co
st ot 1o reson for- i g 6 welding & 3
A welding operator is usually exposed to reason for assumption welding is a
all the general accident hazards .common to - heaith hazard, are the dramatic deaths which
the .industrial fidd in which he is working. have been reported in a relatively few in-
Structural iron workers, ship builders and stances following massive exposures to weld-
the like .are. exposed to increased accident mgfmmmstncﬂycoﬁnedspammthout
hazards. As.a large proportion of welding switable protection for. the .operators. That
opetations are.in:connection with such work, Such incidents do ‘not reflect a general hazard
this may be oné reaso.for the common asser-  is well' shown by the fact that in the past
tion that welding is a dangerous and un- three years the number of welding operators
healthy, occupation. e ..~ has increased some 400% and in-the past ten
i : " years consumption of welding rods has in-
Ancother possible source for the charge creased some 2800% with scarcely any in-
that ‘welding 'is 2 health hazard is the cir- crease in such fatalities.
cumstance :'that the formulds- of most rod S . . L
coatings: are ‘“trade secrets’” so hat there Until quite recently the health problems of
is ‘an:opportunity . to.indulge in all sorts of  welding have been approached from a
speculation-as to-the dinger to-health from speculative rather than scientific view. point.
the’ “secret”- ingredients in these coatings. Uunfortunately in a number of instances even -
Acimlly very few coatings would appear'tc  medical men, apparently with little attempt to
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check exposires or .weéigh endenee available,
have attributed an amazing variety of ills to
welding exposures. These include digestive
disorders and malnutrition, liver diseases,
mmratory affections even including cancer
of the lung, circulatory, blood and glandular
changes including thyroid disease and Hodg-
kin’s disease, various skin dxsmss, neurd-
logical changes, sterility, and various other
complaints;” A - careful analysxs of " these

reports generally shows little ot no ‘evidence

of any connection with welding exposures.
The agents usually blamed for these vanous
ailnfents would ordinarily be .present in
enurely,neghgxble concentrations, if at all.

Such substances as silica, asbestos, man-
ganese, chromium, nickel, cobalt, various
othermetalsandemxronhavebeeugnm
_as “potential hazards” in welding fumes.
These have been charged with dxrwtly caus-
ing ill health or serving to activate other
conditions such as pgeumoqia, tuberculosis,

etc. With the exceptions shortly to be men- -

honed,thereseemstobenomdeneeto
indicate that they are present in a form or
an amount which would constitute a health
hazard. Some have' stated’' that welding
operators “are dying evety day, and others
suffering permanent health impairment as the
result of their work” and charge that no
studies have been made to identify or control
the hazards., Anyone at all familiar with the
research which has \been done and is still
going on in this field will realize that such
charges must be due to ignorance or
prejudice.  The very thorough study con-
ducted by, Britton and Walsh (2) and the
experimental’ work and observations in this
field by many other:investigators (3) (4)
(5) (6) fail to show any excess of il{ health

. among welding operators, or any outstand-

ing type of illness among them.

- s

The Real Welding Hazards

The real hazards peculiar to welding are
&senbally from: (1) radiation and (2) air
contamination by gases and fumes. o

Radiation presents the bazard of x'ntmse
light, glare and of ultraviolet exposures.

. Probably all workers even casually ac-

quainted with welding operations are familiar
with the need for eye protection in this
work. In the case of gas welding there is
little, if any, exposure to ultraviolet rays,

L
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lens for the eyes, and unfound
profeclive clothing to support
be- ' o
rm ‘of protection,’ as these are e:sily

‘svaitible from a fiamber of S6utces; especially Amor
the American Standard Safety Code for the welding
Protection of Heads, Eyes, and Rsmramry may be
Organs (7) (9). . 3;;&
Hazards from radiation are not confined- reaction
to the welding operator alone, but also oxides «
involve his‘ helpers and others king in of . imp
the immediate neighborhood, ‘ ‘con- 1t is ki
sidered to be within seventy-five to ' one . R  as used
hundred feet it the case of arc welding. Any hazard.
workman within this area should be protected stitute
cither . with suitable goggles or by the use small- ¢
of screens. If screens are used they shonld from b
be so-designed as to interfere as little as actively
possible with ventilation. SGibe types .of oxygen
operation can be done in booths,  formed
which ‘may serve to reduce the hazard to "tions of
others. Not only must direct rays be kept irritant
from theunprotected eye, but reflected rays ceases
must be considered. * This invariably calls igatdrs
for the ‘use ‘of dull ‘non-reflective paint on fined 51
areas which..may otherwise ‘serve as re- found
flectors. .- . Itise
Excessive ‘exposure of the eye to ultra- thing E
violet :radiation damages chiefly the outer “Whil
structures of the eye, setting up conjunctivitis made o
of varying degree. The damage is analogous deficier
to a blistering sun-tewn of the skin and if only in
theexposnmis'sﬁﬂé"_v}crypaixﬁplrdcﬁons some ¢
will occur, with Some “visual dis- holds,
turbances. Ultraviolet rays do not penetrate ‘somea
the lens or injure the deeper structures of the such I
eye. E cataracts bave been pro- (7 fation
.duced in rabbits by prolonged exposure to N “was pr
ultraviolet rays, but 'in actud]l welding ex- ations
perience lens changes do not occur and optic tyle
nerveix_uuxyisimposﬁbleﬁ'omaphysiul " of oxy,
standpoint. ‘ weldin;
Before leaving the subject of radiation it unsatis
should be mentioned that in welding there ciency
is no exposure to short waves like the x-ray. a Jevel

This has been demonstrated repeatedly by operat(
having welding operators carry dental x-ray - weldin,
films in their pockets. - Nosystum effects conditi
have been demonstrated as due to the radia- confine
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'-mweldmg lastofallsterihty This

"i‘::s mentioned because this charge has recently

been revived in some quarters. It was
originally made during the fast World War

. and several mvshgatxom proved-it to be

e

<

- unfornded. There is no valid evidence to
port such a theory.

\J Galhmds

Among the m t§h\’d|scussed hazards of
welding are those diseto gases. These gases
maybemaltoﬁnetypeofwddingas
the oxygen and acetlylene in oxyacetylene .
welding or they may be produced through the
rachonsoecnmngmtheweldmgpmwssas
oxides “of nitrogen, ozone, or in some cases
of . imperfect combustion carbon monoxide.
Itlslurdlyueossarytosutethatoxygw

~

as used in welding does not produce a health_

hazard. Muused,formstanee,as""mb-
stitute for«comprased air in ventiating
small- spaces, it may increase the hazard
from burns, as any material will burn more
acuvdymﬂlepmoianexmsof
oxygen. . Ozotie, 2 “peroxygen,” may be °
g «\weldmgarcandmeoncentra
txons qverI p.m.mayactasapulmonary

< eaving the arc, ozone rapidly

ceases to exist as such and many - invest

igators have demonstrated that even in ¢éon-
fined spaces a dangerous concentration is not
found in the air breathed by an operator.
It is extremely doubtful that ozoue is any-
thingbutatheoreticalhanrdinwdding

Whﬂe@qhngofoxygm,menhonmaybe
made of the fazard said to be due to “oxygen
deﬁued:y"fmmweldmg This. could occur
onlymverywnﬁnedspaos,asmunksor
some of the small compartments in ship’s .
holds, and the like. There may have been
somemdmduewmgmdeﬁuencym

_ such locatioris but in all probability investi--

gauon would show that this condition already
~ was present in the area before welding oper-
ations were attempted. Intheaseofoxy—
acetylene welding where a certain proportion

“of oxygen is drawn from the atmosphere the
welding flame will usually become entirely -

nns;nhsfachoryior:tspmpomandthedeﬁ-
ciency recognized’before the oxygen reaches
alevdlowcnoughtobedangeroustothe
operator. Also-ﬂ:ehentgenemmdby the

'welding operation under normal atmospheric
conditions: would usually be unbearable in a

mnﬁnedspaeebeforedangerousoxygen

" 99

depletion occurred. “Oxygen . deficiency,’
thmmnbeputmtothemtegoryof nnrml
hamrd. [
" One not infrequently sees references to e P
toxic effects of unburned acetylene or {133_ '
nnpunua preseént in acetylene gas. Acety-.
"lene is a simple asphyxiant-gas not in itself .
a poison. It has had fairly wide use as an
ansthetxc. A hazard wénld exist only when
the gasfxs SSpresent in such concentration as

to reduce 't the\oxygen in the air breathed so - e |

that not éngugh remained properly to supply:
the body. As the lower explosive limit of
acetylene in air'is about 2!/ - 3% it is evident
thatmtheprsmoeofaﬂameanexplomon
would result long before the concentration
would appreuably reduce the .available
oxygen in the air. As for the alleged hazard
from mpunhes—-arsme, phosphine, hydrogen
sulph:de 6f ammonia—~this purely theoretical
hazard is based chiefly_on early -analyses of
acetylene made from ‘materials of - foreign
ongm. o significant amounts are present
in acetylene produced today from raw mate-
rials from North American sources. Re-
. cently tests were.made for arsine in dissolved
aeetylene from four commercial proditcers
“and .not even a~trace was detected. The
minute amounts ‘of impurities sometimes
found in acetylene afe, of course, destrayed
in the flame, Thehealthhazardsﬁ'omaeety
lene and its :mpuntxs" belong m the
“unreal” class.

Gassformedmﬂxeﬂameorarcarethe
oxides of nitrogen, sometimes called “nitrous
fumes” They are not nitrous oxide, but are
nitric oxide' and other h:gher oxides of
nitrogen. In the concentration present in
connechonw:thweldmgmeyamsodxluted
as to be colorless. Under other conditions -
of exposure these fumes may present other
hazards but in welding ‘the real hazard is as
a pulmonary irritant. Except in small réoms
or in very confined spaces as in tanks, etc,
no dangerous. concentration would be likely -
to occur. Just what is a' dangerous concen-
tration has been undergoing considerable dis- .
cussaonmthelasttwoorthreeyears. The
classic figure of 39 pp.m.'by vblume in air,
admittedly was based on very limited obser-
vations but has:proved a fairly satisfactory
workmg standard. Just as much more ex-
tensive experiments were beginning to indi-
cate that 70 p.p.m. or even up to 100 p.p.m.
might be a safe limit. for a day’s work-
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:{ others on what basis is not clear, are advocat- zihcfume,iromweldingon galvanized «d mate- Their |
ing @ “safe concentration” of ooly 10 ppm. rial, or brass, or from using rods-with a : .
i Certainly a study of available evidence in- high zinc contept. Zinc shonld not be con- - Ther
dicates that in welding operations concen- sidered “highly toxic,” however, as this . Wh‘d‘
trations of 50 p.p.m. or less bave not produced  condition is an acute, 'self-limiting reaction “’“’l“‘
: ) symptoms, and that probably under many of short duration and without knovwmn: after- steels .:
conditions this amount may be exceeded effects or’ complications. In.a large number prese
without harm. Protection will be discussed of those affected a coosiderable. degree of rod ‘co
1 imder fume ‘protection.. : immunity is established so that subsequent Jj fluoric
i : . attacks-are very mild or lacking ‘altogether.. inhaled
3 ‘ Carbon Dioxide and Carbon Monbxide  The permissible Timit for zinc fume in the loag p
.t air has been suggested as 15 milligrams of tion to
Carbon dioxide is, produced by the oxy- . zinc per cubic meter of air. If this concen- - edesna.
acetylene flame and by the electric arc but tration is not exceeded it is unlikely that
éx never in concentratious of physiological im-
£
i

"
. involved are below ghose known to have * 11,
which may not be handled by a welding produced effects. o’!."'hecharxed:atm.mn ‘ qmmc:
operator., amounts of m::pneu nb’redxstgeoc to pacu- condit
: monia is not borne out known ex-

The most common complaint ‘due to fume s ph measy
exposure is metal fume fever. This often Poroc of welding operators. . © withst
called “zinc chills” “brass founder’s ague”  Other materials than gases or metals may in apy
and the like, is really a non-specific reaction create fume hazards through air contami- ::;“
which might come from any of a number of nation. These miy be encotmtered especially ‘de:l
metal fumes. The most common source is in repair work on various tanks, vats, ete. fdens
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~ which may be.present in many operations®
involving aluminum or some of the “stainless™
stecls and alloy moetals. This is from the
presence of fluorides in many of the fluxes or
rod ‘coatings. used for this work. Hydro-
fluoric -acid may be formed and the fome if
- inhaled in appreciable. concentrations or for -
long periods may cause considerable irrita-
tion to the nose and throat or even pulmonary
- Prevention

Tosmnp- The real hazards of welding
are not many, are generally easily identified
and -protective measures are available and
effective when used. " These real hazards
should not be ininimized or passed by. Briefly
_ theyare due to:

L Rm’ fant energy: —nl'u'aviolet and .visible
Z.Ondaofmtmgm.
. 3. Metal fumes—lead, adnnumandnnc.
4.Fmtromorgamcmduuorm

S. Fumes from fluoride-containing fluxes

., Gas and Electric Welding

Various studies of - present day practice
have been made which indicate that welding
ontofdoorsormlargeshopssddomruulb*‘
in any serious air confamination except in
the case of lead. In spaces of fess than 1000

cn.ft.andecpemllymsldelanks,shmholds,i -

etc., special ventilation is necessary. Usally
the exhaust of contaminated air is moch more
effet:tnretha.n:mattmnpttofox-euafnahan'~
into the space. In.stationary locations this
can-geaerally be done with properly located
e:baustfamorbytbemeoihoodsandduets
towmhdrawfmnuasnmaspossiﬂemthur
source. Portable exhaust systems have been
designed whxchareadaptedtoﬁddneeds. )

Intheaseofgasasmhasomdesof
nitrogen, or- the rare”instances of carbon

-tmnedfromthebegimingoftheopmhon}.

andsuﬁuenthmsnregoodusibihtyandﬁo’

- insure a comfortable temperature theére should

be no gas hazard evén in confined spaces.

Bureau of Mines for lead fumes may be

" satisfactory. In.any confined space at' least

local exhamt ventilation is required 'when
there is exposure to zinc or fluoride fumes,
or to fumes from heavy deposits of organic
wastes and sludge. Air supplied respirators
oEer of course,’ themostpoahveprotectm

is one that will be sufficient to insure good

,vm’bihtyatthepantofopuamn,andimnre

a temperature within a reasomably comfort-
able limit. Inmﬁnedspawthtswould
call for exhaust ventilation. In case of lead
oradmmmexposuruuuupphedmhm
required. No serious hazard is apt to be
present except in confined spaces or when
lead is involved. Spedalmndardsforventi
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JIation in weldmg of leaded steel have been
given by Halley (8) General requxremenu
for. ventilation are given in more detail in the
reports of Tebbens and Drinker, (6) and in
Special Bulletin No. SoftheU S. Depart-
ment of Labor, “Control of Welding Hazards
x(nl 0l))efeuse Industries, (9) and by Hemeon.

Suminary and Concln;ionz

. 1. Health ha.za.rds in weldmg may be
divided mto “real” and “

2. Ral hazards should not be ngnored or
minimized. They are nsually easy to recog-
nize and effective prcventxve measures are

available. ) -

3. Unreal and’ hypotheuml hazaras are
often alleged. If indicated precautions are
takentoguardagmnsttherulhamds the
unreal will disappear entirely.

4. Hazards from radiation in welding are
limited to eyes and skin. No systemic effects
have been demonstrated. Means of preven-
tion are well known and available,

s, Hazardsfroma:rcontamm‘honcan*-

usually be controlled by ventilation and in
some instances; by respxratory protective’
equipment. Hazard .from gas is. essentially
limited to oxides of nitrogen. Ozone and
carbon monoxide hazards are of minor "im-

portance. Oxygen deficiency,; if present, is .

usually not due to the welding operation but
to other causes. Fume hazards for practical
wre~Hmited to fumes from. lead,
cudmi m,: zinc of fluorine, and rarely from *
orgamm:‘wastm sludges. Fumes from-other
ials,~whEf present, are usually in non-
toxic amowmnts, or would be removed by pro-
tective measures indicated for the well recog-
nized hazards just mentioned. . -

A

¥ 6. No reliable evidence has been prsmied

to show that ‘welding operators have any
poorer health and accident records than other
tradesmen working in the same environment,
or that they show any characteristic type of
iﬂnusk which eould be assocxated with their
WO].'

7." That the heaith hazards due to weldmg
exposmuarenotgratandcanbewdleom
trofled is evident from the enormous increase
in weﬁimg and”its applications without a
corﬂspondmg increase in jllness, -
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