ABSTRACT

CYNTHI A STEWART. The Irrpact of the Deconposition Products
of Antjspatter ngyoun on Wl ders' Health. (Und er t he
direction of Dr vid A Fraser.)

In arc and gas wel ding, metal particles expelled during
wel di ng which do not formpart of the weld are called
spatter. Excessive spatter adjacent to the weld is
considered to be a defect and therefore i s unacceptabl e.
Antispatter conpounds used to prevent spatter build-up (on
parent netals, fixtures, welding gun nozzles, contact tips,
or electrode hol ders) may deconpose during the welding
process to form hazardous gaseous compounds. This study
explores the theory that antispatter conpounds which contain
chl orinated hydrocarbons may deconpose to form phosgene
(carbonyl chloride). The phosgene concentration created by
specific chlorinated hydrocarbons present in various
antispatter conpounds is investigated. The cause of one
wel der's illness followi ng the use of an antispatter

compound may be inplied fromthe results of the study.
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l. I NTRODUCTI ON

A.  Background to Wl ding
1. Historical Devel opnent

Al though the historical devel opment of welding dates
back to biblical times, the use of welding is stil
increasing since it is an econonical and efficient way to
permanent|y join netals. Recorded in the book of Genesis
approxi mately 5800 years ago, the first welding process was
di scovered by a blacksmth named Tubal - Cai n when he
performed forge wel ding. Welded tools and artwork dating
back to as early as 1000 B.C. may be found in nuseuns around
the world. For exanple, a set of small gold circular boxes,
made nore than 2000 years ago by pressure welding lap joints
together, is presently on exhibit at the National Miseumin
Dublin, Ireland (8). Forge welding, soldering, and brazing
can be traced back to ancient times, but the nodern
processes of arc welding, resistance welding, and gas
wel ding were discovered in the 1800's.

An electric arc hot enough to melt an iron wire was
first produced in 1800. Sixty years later, an Englishman
named W1l de wel ded two small pieces of iron together wth an
electric arc. M. Wlde received the world's first electric

arc welding patent in 1865 (28). The first U S patent for
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an arc wel ding process was awarded in 1892. This process
was the first where netal nelted fromthe el ectrode and
crossed the arc to deposit filler metal in the joint to make
a weld. The oxyacetylene welding and cutting process, the
carbon arc wel ding process, and the netal arc wel ding
process with covered el ectrodes were perfected during the
period of about 1900 to 1918. Gas-shielded arc welding
processes, such as gas tungsten arc wel ding, were devel oped
inthe late 1920's. Since the late 1940's the processes of
pl asma arc wel ding, electron beam welding, friction
wel di ng, and | aser wel ding have been devel oped (8).
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2. Description of Welding Processes

The American Wel ding Society defines welding as "a
materials joining process which produces coal escence of
materials by heating themto suitable tenperatures with or

wi thout the application of pressure or by the application of

pressure alone and with or without the use of filler
material" (5). The welding process nay be divided into two
main categories: one in which the joint is made by direct
fusion of two pieces, and the other in which additiona
metal is used to make the joint. These two categories my
be further divided into specialized processes in which a
variety of techniques have been devel oped in order to
produce wel ds on a wide assortment of metals and all oys
under a diversity of conditions and situations (8).

According to the Anerican Wl ding Society there are nore
t han eighty processes used in welding and cutting. These
processes may bhe placed into seven groups which are defined
bel ow.

Arc welding is the group of processes in which
coal escence is produced by heating with an electric arc that
I's generated between an el ectrode and the surface of the
base metal. Shielding of the arc wth an inert gas is
typically provided to ensure a strongly wel ded joint.

Brazing refers to the group of processes in which
coal escence of nmaterials results fromheating these
materials to a suitable tenperature and utilizing a filler

metal with a nelting point above 450 C and bel ow the nelting
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point of the base netal. Brazing filler metal is often
brass or bronze which is distributed between the surfaces of
the join by capillary action. A braze is a special form of
a weld in which theoretically the base netal does not nelt,
Oxyfuel gas wel ding processes are those in which
coal escence i s produced by heating the materials with an
oxygenated gas flame or flanmes. The process nay be
performed with or without the use of pressure and with or
W thout the use of a filler netal.
The group of welding processes referred to as resistance

wel di ng produces coal escence of metals by the heat which
evolves fromthe resistance in an electric circuit. The

heat is obtained fromthe resistance of the work in an
electric circuit (in which the work is part of the circuit)
and al so by the application of pressure.

Sol dering is defined as a group of joining processes in
whi ch coal escence of materials is produced by heating
materials to an appropriate tenmperature and using a filler
metal with a melting point between 450 C and the melting
point of the base materials. Filler netals are distributed
between the surfaces of the joint by capillary attraction.

Solid state welding refers to a group of welding
processes that produce coal escence at tenperatures which are
bel ow the melting point of the base metals to be joined.

The process is performed without the use of a brazing filler
nmetal and the use of pressure is optional.
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ot her wel ding processes include a m scell aneous group
which do not fit into the previous categories. Table I
shows the seven groups defined above and the wel di ng

processes which fall into each category (5).
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Gr oup

Arc Wl di ng

Br azi ng

Oxyf uel
Gas
Wel di ng

Resi st ance

Vel di ng

Solid State
Wl di ng

Tabl e |

Wel di ng Processes (5)

Wel di nq Process

Car bon Arc

Fl ux Cored Arc

Gas Metal Arc

Gas Tungsten Arc
Pl asma Arc

Shi el ded Metal Arc
Stud Arc

Subrerged Arc

Di ffusion Brazing
Di p Brazing

Fur nace Brazing

| nducti on Brazing
I nfrared Brazi ng
Resi st ance Brazi ng
Torch Brazi ng

Oxyacet yl ene Wl di ng
Oxyhydr ogen Wl di ng
Pressure Gas Wl di ng

FI ash Wl di ng

Hi gh Frequency Resi stance
Per cussi on Wl di ng

Proj ecti on Wl di ng

Resi st ance- Seam Wl di ng
Resi st ance- Spot Wl di ng
Upset Wel di ng

Col d Wl di ng

Di ffusion Wl di ng
Expl osi on Wl di ng
For ge Wl di ng
Friction Wl ding

Hot Pressure Wl di ng
Rol | Wl di ng

U trasoni c Wl di ng

Letter
Desi gnati on

FCAW
GVAW
GTAW
PAW
SVAW
SW
SAW

DFB

PB
(=}
| RB
RB
B

PGwW

Fw
HFRwW
PEW
RPW
RSEW
RSwW

DFwW

FOW
Fw
HPW
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Sol deri ng D Sol deri ng DS
Fur nace Sol deri ng FS
Il nducti on Sol dering I S
I Nnfrared Sol deri ng 1 RS
Il ron Sol deri nmng | NS
Resi st ance Sol deri ng RS
Torch Sol deri ng TS
WVEAaAave Sol deri mng WS

El ect ron Beam EBWD

O her
Wel di ng El ectr osl ag ESW
Pr ocesses Il Nnducti on 1 7V
L aser BPFe &S rnm L BE=3\/\v/
TN\

T F» & r r» L«
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3. Control of Spatter
Spatter is defined as the netal particles expelled

during arc and gas wel di ng which do not formpart of the
wel d. Excessive spatter may be caused by arc bl ow
(deflection of the arc fromits normal path by magnetic
forces), by the selection of the incorrect electrode or
wel ding current, or the technique of the welder. Al though
spatter may be produced by many wel di ng processes, it is
often excessive in gas netal arc welding (GVAW, al so
referred to as netal inert gas welding (MG, and C2
welding. In the MG welding process the electric current is
delivered through a filler wire. As the filler wire
constricts when a netal droplet fornms, the current density
I ncreases very quickly (in an "explosive" manner) as the
netal droplet seperates fromthe wire. This results in the
ej ection of a spray of very hot netal droplets, and
t heref ore excessive spatter (17). It is not only a
| abori ous operation to renove spatter fromthe workpiece
surface and the torch nozzle, but it is also considered to
be a defect (8). Therefore it is desirable to control the
production of spatter or provide a sinple neans for its
r enoval

Spatter can be mnimzed by keeping the arc |length at
the m nimumthat does not result in electrical shorting.
The rate of spatter may al so be reduced by using inert
shi el d-gases such as argon or helium by using welding wres

with surface coatings containing no inpurities or by using
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hi gh i nductive power sources which Iimt the current rise
during short-circuiting and therefore reduce the severity of
wire "explosions" (17). However, application of protective
coatings to the workpi ece netal and wel ding nozzles is the
si npl est method of reducing adherence and sinplifying the
renoval of spatter (23, 29).

Many protective coatings consisting of a wide variety of

conpounds have been studied. The effectiveness of several

coating conpositions for protecting against spatter in CJ
wel ding was investigated in the USSR (29). The protective

coatings eval uated were an aqueous sol ution of chal k and
kaol in, an aqueous solution of sulphite and al cohol, and
preparations of Duga-1 (ethyl silicate neutralized with
alkali), and a silicone lubricant in aerosol form The
coatings were evaluated on their ability to reduce adherence
of spatter without inpairing the mechanical properties of
the weld joints. The results showed that Duga-1 and the
silicone lubricant in aerosol formwere two to three tines
nore effective for protection against spatter than the
aqueous sol utions of chal k, kaolin, and sul phite-al cohol
wash (29). Antispatter conpounds tested in Japan contained
al kyd resin enul sion, calciumcarbonate, talc, water, and
met hyl chl orof orm (31).

Products used in the United States to prevent spatter
buil d-up on the base metal and wel ding nozzles are commonly
referred to as antispatter or antispat. The contents of

these products vary from manufacturer to manufacturer. Some
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contain silicones, sonme do not, and sone contain chlorinated
hydr ocar bons and others do not. According to a
manufacturer's Material Safety Data Sheet (MSDS) the
hazardous ingredients in the antispatter conpound were

1,1, 1-trichl oroethane (nethyl chloroform and carbon

di oxi de. A second manufacturer's MsSDS |isted 1,1, 1-

trichl oroet hane, carbon di oxide, silicone and refined
organic oil as hazardous ingredients. The deconposition of
the 1,1,1-trichloroethane in the welding environment is of
interest. |In order to obtain nore specific information
about the conposition of antispatter conpounds used today,
two different brands of antispatter conpounds were purchased
and then anal yzed using a Perkin Elmer Sigma 1 Gas

Chromat ograph. Qualitative and quantitative anal yses for

chlorinated hydrocarbons were conpleted and the results are

shown in Table I1.
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Tabl e 11

11

Composi tion of Antispatter Conpounds

Conpound A

11. 32 Tri chl or oet hane

10. 85% Met hyl ene Chl ori de
0. 4% Et hyl ene Di chl ori de
0. 03% M Xyl ene

0. 009% Tri chl or oet hyl ene

Bal ance unknown

Conpound B
16. 77% Tri chl or oet hane
0.11% Met hyl ene Chl ori de
1.17% Et hyl ene Di chl ori de
0. 06% M Xyl ene

0.01% Tri chl or oet hyl ene

Bal ance unknown
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B. Case Study

The cause of one welder's illness nmay be related to the
use of an antispatter conmpound. A 54-year-old white nale
previously in excellent health, experienced tightness in his
chest and coughi ng after wel ding gal vani zed steel playground
equi pnent. A chest x-ray disclosed a nottled pattern
through both lung fields. The biopsy revealed that this

pattern was caused by w de-spread nultiple I esions resulting

fromchem cal burns. Further observation disclosed that a
fume particle or aggloneration of particles was surrounded
by a very large burned area. The nechanismof this
occurrence was identified as the conbined effect of the
netallic fune and the possibility that the fume was coated
or inpregnated with a caustic conponent, nost likely a
chl orinated species such as phosgene. The diagnosis
ultimately reveal ed that the wel der had devel oped fibrosis.
The wel di ng process being used was netal arc wel ding,
also referred to as continuous wre electrode welding. An
antispatter product was being applied abundantly as the
wel di ng process was being performed, to provide a smooth
wel ding joint. A nore conmon practice is to apply the
antispatter product and allow it to dry before proceeding
with welding. The antispatter product contained nethyl ene
chl oride which nmay have deconposed to form phosgene.
| nhal ati on of phosgene nmay cause acute bronchitis, acute

bronchiolitis, pulmonary edema, enphysema, fibrosis, or

deat h.
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C. Hazards in the Wl ding Environnment

Man's progress is often marred by unpredictable
secondary effects. Man's ingenuity and ability to weld has
enabled himto build bridges, ships, space vehicles,
aut onobi | es, pipelines, and even mcrocircuits. During this
time of progress and invention it became apparent that there
were many health and safety hazards related to welding. The
foll owing discussion wll sinply identify sone of the
hazards and their potential effects on the welder's health.
Awar eness of these hazards is the first step in providing
protection to the welder in the workplace.
1. Funes

Funes are small, solid particles created by condensation
fromthe gaseous state, generally after volatilization
followed by a chem cal reaction such as oxidation. The
sources of funes created during the wel ding process may be
the base netal, the flux, or the core wire. Table Il shows
sone exanples of metal fumes and their sources (7). The
rate of fume generation in any wel ding process is affected
by the welding current, arc voltage, arc tenperature,
el ectrode polarity, electrode diameter, speed of wel ding,
and wel ding practices (4). The potential harmfrom exposure
to funes depends on the chem cal conposition of the fumnes,
the concentration in the welder's breathing zone, the |ength
of exposure, and many ot her factors such as the size,

density, and surface area of the particle. Mny studies
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Tabl e 111

Funes and Their Sources (7)

Met al Funes

I ron

Chr omi um

Ni ckel

Zi nc

Copper

Vanadi um manganese,
and nol ybdenun

Tin
Cadm um
Lead

Fl uori des

Sour ce

Parent iron or steel netal,
el ectr ode

St ai nl ess steel, el ectrode,
plating, chromate primed netal

St ai nl ess steel, nickel-clad
st eel

Gal vani zed or zinc prined steel
Coating on filler wire, sheaths
on air-carbon arc gougi ng

el ectrodes, nonferrous alloys

Wel ding rod, alloys in stee

Tin coated stee
Pl ati ng

Lead paint, electrode coating

Fl ux or el ectrodes
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have been done to determne the effects of exposure to
f umes.

The particle size distribution is an inportant factor in
determ ning the hazard potential of welding funes. It is an
i ndi cation of the depth to which particles nmay penetrate
into the respiratory systemand it is also an indication of
t he percentage of particles that wll remain in the
respiratory systemas well as the surface area presented for
reaction with biological fluids. Wlding funmes are al nost
all less than one mcroneter (1 um in dianmeter (1).
Particles in the range of 1 to 7 umin dianeter represent a
serious hazard due to penetration into the alveol ar region
of the lungs. Although nost welding fume particles are |ess
than 1 umin diameter when formed, results of one study
I ndicate that they may agglonerate and increase in size with
time (9).

The wor kpiece netal for a majority of welding processes
is mld steel. Therefore, the major conponent of welding
fumes is often iron, usually in the formof iron oxide.
| nhal ati on of iron oxide funes over an extended period of
time may cause a condition known as siderosis, a benign form
of pneunoconi osis. Pneunoconiosis is defined as the
accunul ation of "dust"” in the lungs and the tissue reaction
to its presence. There is no disability or proliferation of
fibrous tissue resulting fromexposure to iron oxide funes,
and therefore diseases such as enphysema and fibrosis do not

devel op (14).


NEATPAGEINFO:id=53C85790-9ABE-4BEF-8CEE-9FA44B6D8C5B


16

A condition known as netal fune fever may be caused by
netal s such as copper, zinc, and nmanganese whi ch may be
present in welding fumes. High fever is acconpani ed by
coughi ng, shortness of breath, weakness, fatigue, and pains
in the muscles and joints. Synptons may occur for 24 to 4 8
hours and then subside. Zinc from galvanized steel and
pi gments and deconposition products fromwel ding on painted
surfaces may be encountered frequently (14). Some fune
constituents nmay pose nore of a potential hazard than
others, depending on their toxicity. O special concern are
silica or silicates, fluorides, copper, chrom um nickel,
and manganese. Table IV lists these and other netals or
conpounds found in welding funes, along wth sone typica
effects on the body (14, 20).

2. Gases

Gases are produced in all welding processes. The
princi pal gases produced in arc and oxygas wel ding are
ozone, nitrogen oxides, and carbon nmonoxide. The presence
of chlorinated hydrocarbons in the wel ding environment may
result in the deconposition of these hydrocarbons to form
phosgene, hydrogen chloride, or dichloroacetyl chloride
(13). Many studi es have been conpleted to identify the
nmechani sm of formation for the gases nentioned above.

Addi tional studies to determ ne the health effects of
exposure to these gases have al so been conpleted. Table V

lists the various gases and their effect on the body (14).
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Funes and Their Effects on the Body (14, 20)

Met al / Conpound
in Fune__

Cadm um

Chr om um

Copper

Fl uori des

I ron

Manganese

Lead

Ni ckel

Silical

silicates

Vanadi um

Zi nc

Acut e Effect

Pul nonary irritation

and edenma

Skin irritation

Irritation of nose

and throat, nausea,

metal fune fever

Eye, nose, throat
irritation, pulno-

nary edema, skin
rash

Irritation of nose
throat, and |ungs

Metal fune fever

None known

Eye, nose and
throat irritation

None known

None known

Irritation of eyes,
skin, and
respiratory tract

Metal fune fever

Chronic Effect

Enphysenma, ki dney,
danmage

| ncrease ri sk of
Il ung cancer

None known

Bone changes

Si derosi s (benign
pneunoconi osi s)

Central nervous
system pr obl ens

Anem a, fati gue,
abdom nal pai ns,
reduced fertility,
ki dney and nerve
damage

| ncreased cancer
ri sk

Silicosis
(pul nonary
fibrosis)

St annosi s (beni gn
pneunoconi 0si s)

Bronchitis
retinitis,

pul ronary edemm,
and pneunoni a

None known
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Gas

Ozone

Ni t r ogen
Oxi des

Car bon
Monoxi de

Phosgene

Hydr ogen
Chl ori de

Di chl or o-

acety 1
chl ori de

Tabl e V

Gases in the Wl ding Environnent (4)

Formati on Mechani sm

Phot ocheni cal reacti on

by ultraviolet
radi ati on and oxygen

reacti on
radi ati on

Phot ochem cal
by ul traviol et

Deconposi ti on of

el ectrode coating
or flux materi al

Deconposi ti on of
chl ori nat ed hydrocar bons

Deconposi ti on of
chl ori nat ed hydrocar bons

Deconposi ti on of
chl ori nat ed hydrocar bons

Acute Effects

Pul monary congesti on.
edeng, and

henor r hage

Pul monary congestion
and edemma

di zzi ness,
conf usi on

Headache,
nment al

Pul mronary edema

Irritation of eyes,
nose, and t hroat

Irritati on of skin
and eyes

Chronic Effects

Enphysema

Enphy sema

None known

Bronchitis,
Emphysena

Bronchitis

None Known

Fi brosi s

00
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3. Radi ati on
Most wel ding processes emt el ectromagnetic radiation
fromthe ultraviolet, visible, and infrared portions of the
light spectrum All three forns present a hazard to the
wel der and to those working in the vicinity of welding (4).
Utraviolet radiation nay effect both the eyes and the
skin. The following effects to the eye may occur from
exposure: 1) inflanmation of the cornea and conjunctiva -
referred to as "arc eye" or "flash burns" by wel ders;
2) retinal lesions; 3) yellowng of the |lens; and
4) cataracts. Utraviolet exposure to the skin may cause
reddeni ng of the skin (erythema), blistering, or in extrene
cases conplete destruction of tissue and ultinmately
bl eeding. Long term exposure to ultraviolet radiation
i ncreases the risk of skin cancer (21). |If the visible
light is very intense, fatigue to the nuscles used to squint
may occur and infrared Iight may be felt as heat, but may
al so affect the eyes (3).
4. Noi se
Most wel di ng processes generate noi se | evel s which
may vary greatly depending on the wel ding process being
used. One study concluded that the nost quiet was the gas
tungsten arc process and the nost noi se was generated by the
air carbon arc process. Processes such as arc gougi ng,
pl asma arc cutting, air carbon arc cutting, and grinding
were identified as those generating excessive noi se | evels.

For exanple, the sound pressure |evels neasured for arc
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gougi ng processes range from95 to 115 dBA (19). Wl ding
machi nes and additional equipnent in the welder's vicinity

al so create noise that increase the sound level to which the
wel der is exposed (4).
5. El ectri cal

The energy required for nelting netals to obtain
coal escence in nost wel ding processes is provided through an
electric arc. This electricity is distributed by what is
commonly referred to as a wel di ng machi ne. Wl di ng nachi nes
can be designed to use either alternating current (AC) or
direct current (DC). Power for AC nachines is provided
t hrough transfornmers using line voltage. DC nmachi nes nay be
powered by a rotating generator or by a transformer/
rectifier system(3). The obvious hazard when working with
electricity is the risk of electrical shock. Inadequate
groundi ng of equi pnent, worn or damaged cabl es or el ectrode
hol ders, |ack of proper gloves, and wet conditions can
greatly increases the risk to the welder. Qher factors
that may affect the risk include: 1) type of circuit;
2) voltage, 3) path of current through the body; 4) current
| evel ; and 5) duration of contact. The risk to the body is
much greater when the flow travels through the trunk than
when it remains in the extremties (3). Safety qguidelines
and procedures to prevent accidents involving electricity

must be a part of every welder's training.
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6. Fire/ Explosion

Wel di ng processes provide all the el enments necessary
for fires. Fires and expl osions have been caused by wel di ng
when sparks have traveled up to forty feet, fallen through
cracks or pipe holes in the floor, or hot pieces of the base
netal have cone in contact with conbustible materi al s. I f
heat fromthe welding process is transmtted through walls
of containers to flammbl e at nospheres or to conbusti bl es,
the result can be fire or explosion. Anything that is
fl ammabl e or conbustible is susceptible to ignition by
wel di ng (8).

Wel ding fires can be prevented by elinmnating

conmbusti bles fromthe wel ding area and wel di ng should only
be perforned in non-fl anmabl e at nospheres. Special work
procedures for welding in confined spaces shoul d be used.
Addi ti onal procedures for welding on equipnment containing
f | anmabl es shoul d be foll owed by the welder (3).
7. Other Factors

Wl di ng processes provide a vast array of hazards and
a few additional factors nay be nentioned. An obvious
probl em that has not been discussed is the risk of being
burned. Thermal burns to the skin fromhot nmetal, spattered
slag, or fromhandling hot tools or electrodes are quite
common. Heat may present a problem when welding is done in
confined spaces or when the netal has been preheated to
i nprove wel ding characteristics. Al conpressed gas

cylinders are potential hazards because sudden rel ease of
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turn the cylinder into a projectile. Wlders burdened with
goggl es, face shields, and other protective equi pment may be
nore subject to hazards such as trips, slips, falls and the

many ot her potential hazards in any work environnent.


NEATPAGEINFO:id=431B09DE-BE72-45C3-8FF4-F479121C27B6


. PROBLEM

A.  Deconposition of Chlorinated Hydrocarbons
1. Use of Chlorinated Hydrocarbons

The use of chlorinated hydrocarbons is extensive in
today's industries. Mny of these chlorinated hydrocarbons
are used as solvents in a variety of applications such as
the degreasing and cleaning of metals or the dry cleaning of
clothes. They are also used in the textile industry, as
refrigerants, and even as an extraction solvent for the
decaffeination of coffee, spices, and beer hops (18). It is
apparent fromthe w de range of uses that these chlorinated
hydr ocarbons can be present in areas where maintenance,
repair, and construction are perforned. Therefore, these
chlorinated hydrocarbons may be present where open arc
wel ding is being used to join netals,
2. Decomposition in the Wl ding Environnent

Phosgene, hydrogen chloride, carbon nonoxide, and
di chl oroacetyl chloride formduring welding if degreasing
agents containing chlorine cone into contact wth the
wel ding flame or are exposed to the radiation fromthe

electric arc (16). A few studies have been done to

determne the factors of the welding process that may affect
the concentration of the conpounds nentioned above as they
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formin the wel ding environnent. In addition, three studies
to determ ne the solvent that nmay present the | east hazard
in the wel ding environment have been reported. The
concl usi ons of these studies were not always in agreenent,
but know edge obtai ned fromthe data was useful.

Many factors such as characteristics of the welding arc
and chem cal properties of the chlorinated hydrocarbon wl|
deconpose in the welding environnent. The chlorinated
hydr ocar bons are deconposed both by heat and ul travi ol et
radiation fromthe welding arc. Studies in which the vapors
of chlorinated hydrocarbons in air have been passed over
heated netal s have been perforned to determ ne deconposition
products. Wen chl orinated net hane, ethane, and ethyl ene
conpounds were heated over various substances, carbon
tetrachl oride al ways produced the nost phosgene and the
extent of phosgene formati on decreased with decreasing
chlorine content in the chl ororaethane conpounds.

Chl ori nated et hanes which contain at |east one hydrogen atom
produced chl orof orm or hexachl or oet hane (10).

It is often stated that the deconposition of chlorinated
hydr ocar bon sol vents occurs in the ultraviolet field around
the wel ding arc. The deconposition products of
trihcloroethylene were investigated and the foll ow ng
observations were made: 1) The mai n deconposition product
is dichloroacetyl chloride and it forns three tines as fast
as phosgene. 2) The deconposition rate decreases rapidly as

the trichloroethyl ene concentrati on decreases and the
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distance fromthe arc increases. 3) The deconposition rate
appears to increase when the gas nmetal -arc process, instead
of the gas-tungsten arc process is used for welding (13).
The nost intense em ssion of ultraviolet radiation is
produced by argon-shielded arcs. The short-wave band of the
ultraviol et spectrumpresent in argon shields is of specia

I nportance in the deconposition of chlorinated hydrocarbons.
Utraviolet radiation fromwelding arcs in the wavel ength
interval between 1900 to 2900 angstromunits (A) is
significant to deconposition because nost solvents,

i ncluding chlorinated hydrocarbons, have their main
absorption bands below 2900 A. It is interesting to note
that the spectrumof the arc is essentially determned by
the main conmponent of the welding electrode and al so that
the intensity of the ultraviolet emssion fromthe arc
Increases with current strength (11). The deconposition of
chlorinated hydrocarbons is very conplex and various

chem cal properties may also play a role.

The chem cal structure, including the bonding and number
of chlorine atons, influence the formation of phosgene. The
mai n absorption band for ultraviolet radiation of each
chemcal is inportant in the welding environment. The vapor
pressure of the chlorinated hydrocarbon nmay be significant
because the chemcals with higher vapor pressures nay result
in high concentrations of chemcal vapors near the wel der.
The rate of dichloroacetyl chloride and phosgene formation
was dependent on the partial pressure of trichloroethylene


NEATPAGEINFO:id=BE967A1B-2750-46CA-BFFC-C4A29F4BAA20


26

because the anpbunt of ultraviolet radiation absorbed was

al so dependent on the partial pressure of trichloroethyl ene
(13). However, this dependence was not observed when
experinments with nethyl chloroformwere perforned (12). The
deconposition of chlorinated hydrocarbons in the wel ding

environment is a very conpl ex process.
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B. Health Effects of Exposure to Phosgene
Table VI lists sonme physical properties and exposure

limts for phosgene (20). Phosgene (COOj) is a colorless

gas at standard tenperature and pressure. At | ow
concentrations its odor has been described as resenbling
that of nusty hay or green corn. It is an irritant gas
whi ch may cause pul nonary edema as a result of acute
exposure or irreversible pul nonary changes of enphysema and
fibrosis as a result of chronic exposure. Upon inhalation
i n noderate dosage, phosgene, only slightly soluble in
wat er, does not react noticeably with the agueous nucus fil m
of the upper respiratory tract, and therefore reaches the
al veol ar region of the lung, resulting in i medi ate and
irreversi bl e danage. Phosgene may irritate the skin and
eyes, but its irritant effects are not sufficient to give
war ni ng of hazardous condition (2)

| nhal ation is the nost significant route of exposure to
phosgene. The toxic effects of phosgene are caused by the
hydrol ysis of the material at the cell site producing
hydrochloric acid and carbon di oxi de (15). The chem cal

equation for this hydrolysis is shown bel ow

CcoCl2 + RO ---> 2 HO + C2

Only arelatively small portion of phosgene hydrolyzes in

the respiratory passages, but in the term nal end of the
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Tabl e VI .

Physi cal Properties of Phosgene (20)

Cheni cal ; Phosgene

Synonyns; Carbonyl chlori de,
car bonyl dichloride,
car bon oxychl ori de,

CAS Regi stry No. ; 75-44-5
Physi cal Properti es;

Mbl ecul ar For nmul a:

Mol ecul ar Wi ght :

Mel ting Point, C

Boi | i ng Poi nt, Cat 1 atm
Density at 20°C, g/cm

Vapor Density (air = 1.0)
Vapor Pressure at 20°C, kPa

Conver si on Fact ors:

Col or J
Cdor :

Fl ammability:
Sol ubility:

Exposure Limts;
OSHA- PEL
ACA H TLV

carbonic acid dichloride,

chl orof ornmyl chl ori de,
conbat gas

CCoCl 2

98. 92
-128 to -104

7.5 to 8.3

1.387

3.4

161. 68

1 g/ = 0,25 ppm

1 ppm= 4.1 ng/nf

Col or | ess

Sweet in | ow concentrations
Pungent in high concentrations
Nonf | ammabl e

Deconposes i n water, al cohol
Very sol uble in benzene,

t ol uene

0.1 ppm (0.4 ng/ m)
Q].ppm(0.4rm/m%


NEATPAGEINFO:id=1DE23F9B-1BFF-4E20-B387-9C86364172A0


29

al veoli conplete hydrolysis occurs with disastrous effects
on the alveolar walls and bl ood capillaries. The result of
this action is a gradually increasing edema, until as much
as fifty percent of the total plasma fromthe alveolar walls
and lung bl ood capillaries nay accunulate in the lungs. The
active air spaces decrease in nunber, which decreases oxygen
exchange and weakens the heart and ot her oxygen deprived
tissue. The end result nay be either asphyxiation or heart
failure (6). |In Decenber 1915, the Germans introduced
phosgene as a poi son gas, which was responsible for eighty
percent of the gas casualties in Wrld War | (22).

Anot her product resulting fromthe deconposition of sone
chl orinated hydrocarbons is dichloroacetyl chloride. There
Is very little toxicological data for dichloroacetyl
chloride and no exposure limts have been determned. It is
a fumng liquid with an acrid odor and is noderately

irritating to the skin, eyes, and respiratory system(24).


NEATPAGEINFO:id=BC878D2D-AA88-4620-8F1D-E4F7DC63764A

NEATPAGEINFO:id=DA734697-AE05-4F7C-9471-D939825B9281


[ I PURPCSE OF THE STUDY

The purpose of this study was to investigate the
potential risk of exposure to hazardous concentrations of
phosgene fromthe deconposition of chlorinated hydrocarbons
in antispatter products used during welding. A controlled
experinment perfornmed in a chanber was used to verify that
chl ori nated hydrocarbons can deconpose to form phosgene and
t hat these chlorinated hydrocarbons, as part of the
anti spatter conpound, deconpose to form phosgene. In
addition, air sanples were taken in a snmall wel ding shop as
a wel der used the antispatter products. The neasured
phosgene concentrations were then to be interpreted in the
eval uation of one welder's illness follow ng the use of an

anti spatter conpound.
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I V. DESCRI PTI ON OF THE STUDY

A. Controll ed Experinents

The controlled experinents were performed in a
pl exi gl ass chamber with a volume of 1160 liters. Analysis
of the antispatter conpounds using gas chromatography
reveal ed that the conpounds contained nethylene chloride and

met hyl chloroform Each of these chem cals was injected

into the chanber for individual trials in volunmes to create
a concentration of one, one-half, or one-tenth of the
Anerican Conference of Governmental Industrial Hygienist's
(ACA@ H) Threshold Limt Value (TLV). The volune of

met hyl ene chloride or nethyl chloroformto be injected into

t he chanber was determ ned using the follow ng equation:

Conc(ppm = {[(WX)(p)(22. 4/ MN{T/273)(760/ P)]/ (W)}

X 100000

wher e:
Vx = volune of material to be used (m)
p = density (grans/m)
Vt = chanber volune (liters)
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The chemical was injected onto a glass dish in the chanber
and a smal| fan |ocated inside the chamber enhanced

evaporation and m xi ng.

Anal ysis of the contam nants in the chanber was
performed using a single-beaminfrared spectroneter. The
instrument was able to scan the infrared spectrumfrom2.5
umto 14.5 umand the pathlengths available in the gas cel
ranged from0.75 to 20.25 neters. The Foxboro Mran [ A
Portable Gas Anal yzer (Serial Nunber |A 916) was calibrated
for methylene chloride, methyl chloroformphosgene, and
di chl oroacetyl chloride. The instrument was then connected
inaclosed loop systemwth the chanber. Wen the infrared
instrument indicated a stable absorbance val ue for nethylene
chloride or methyl chloroform (depending on which chem ca
had been injected into the chanmber) the wavel ength and
pathl ength paraneters were changed for analysis of phosgene
or dichloroacetyl chloride. A propane torch was then |it
and held so that the nozzle of the torch fit through a small
opening in the chanber and the flanme burned in an atnosphere
containing a contamnant. The flame burned for two mnutes
and was then renmoved. \Wen the infrared instrunent reached
a stabl e absorbance reading, the torch was |it and placed in
the chanber for another two mnutes. A total of six two-
mnute burning tines were performed. As a prelimnary step
relatively large volumes of methylene chloride or nethyl
chloroformwere injected into the chanber and the torch
flame burned to verify that these solvents did deconpose
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under the conditions provided to form phosgene. The
sequence of two-m nute burning tinmes was conpl eted for

nmet hyl ene chloride at one, one-half, and one-tenth the TLV,
for nethyl chloroformat one, one-half, and one-tenth the
TLV, and for each of the two antispatter conpounds (injected
into the chanber as a liquid formin a syringe).

Experiments were perforned to deterni ne phosgene
concentrati ons and experinents were perforned to determn ne
di chl oroacetyl chloride concentrations.

A variation of the procedure di scussed above was used to
investigate the effects of heating various netals in
relation to the phosgene production. Instead of sinply
introducing the flanme into the chanber, the flame was used
to heat a one inch square piece of netal. The netals used
were alum num (a three inch square piece was used because
the snaller square nelted), brass, cold rolled steel,
gal vani zed steel, stainless steel, and titanium The
sequence of six two-minute burning tines was foll owed and
the infrared instrunent was used to determ ne phosgene
concentrati ons.

Two other variations were perforned to simulate the
actual use of the antispatter conmpound as an aerosol spray.
The anti spatter compound was sprayed into the chanber and
the torch flame was introduced into the chanmber for two
m nutes. The phosgene concentrati on was then noted. Then

the antispatter conpound was sprayed on the one inch square

pi ece of nmetal and the torch flame was then used to heat the
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coated netal. Again, the phosgene concentration was noted
followi ng the two-m nute burning tinmne.

In an attenpt to verify the precision and accuracy of
the infrared instrument, it was conpared to other nethods
for determ ning phosgene concentrations. Sinultaneous
nmeasurenments were performed using the infrared instrunent
and the National Institute for Occupational Safety and
Heal th's (NI CSH) nethod for neasuring phosgene in air. The
NI OSH nethod is a colorinetric method in which inpingers
containing a solution of 4,4-nitrobenzyl pyridine in diethyl
phthlate reacts with trace anounts of phosgene to produce an
orange color (27). The analysis of the inpinger solutions
were perforned by the experinmenter using a Bausch and Lonb
spectrophotoneter. The performance of the infrared
i nstrument was al so conpared to Draeger colorinetric
detector tubes for phosgene (Catal ogue Nunber CH 28301).

The detector tubes were used to neasure phosgene

concentrations in the chanber which were being determ ned by

the infrared instrunent at the sane tine.
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B. Field Study

In an attenpt to sinulate the use of antispatter
conpounds in the occupational setting, sone trials were
performed in a wel ding shop by a skilled welder. The wel di ng
shop had a vol une of approximately 3888 cubic feet or
110, 100 liters. Exhaust ventil ati on was avail abl e, but was
not used during the investigation. The antispatter
conmpounds were used as specified by the manufacturer's
directions and gas tungsten arc welding (TIG was used to
join various netals. Three netals, mld steel, stainless
steel, and alum num were used in order to investigate the
effects of various netals on the phosgene concentration
produced during wel ding. Phosgene concentrations were
nmeasured using the infrared instrunent and a few Draeger
detector tubes for phosgene were al so used. Sanpling was
done at approximately three inches above the base netal to

determ ne the "worst case" exposure.
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V. RESULTS AND DI SCUSSI ON

A. Control |l ed Experinents

Initially, the deconposition of methylene chloride and
net hyl chloroformto phosgene was verified. This was done
by neasuring phosgene concentrations with the infrared
instrument and the NIOSH colorimetric method follow ng a
two-mnute burning period with the torch. Table VIl shows
the results of the various trials and the difference between
the concentrations indicated by the infrared instrunent and
the NIOSH nethod. The concentrations determ ned using the
infrared instrument were consistently about 13% hi gher than
the concentrations determned using the NIOSH nethod. A
clear-cut explanation for this difference is not obvious,
but the accuracy and precision of the NI OSH method have not
been determned. However, it has been determned that the
NI OSH met hod is not subject to interference fromchloride,
hydrogen chloride, chlorine dioxide, or sinple chlorinate
hydrocarbons. Further study reveal ed that acid chlorides
may produce color with the sanpling reagent (30). These
factors nmerely show the conplexity of problenms that nust be
consi dered while using this sanpling nethod.

The results of the sequence of two-mnute burn tines for
net hyl ene chloride are shown in Table VIII. Both the


NEATPAGEINFO:id=F7686A55-3D2E-464B-AF0D-9E1BCA908377


Tabl e VI I

Verification of Deconposition Products Variation of Results with Method

Vol une Theoreti cal Phc sgene "one Phoggene Cone % Difference
Added to Met hyl ene I ndi cated py I ndi cat ed by Bet ween
Chemi cal Chanber Chl ori de IR I nstrunent NI OSH Met hod IR I nstrunent
Added (ul) Cone (ppm (ppm (ppm and NI CsH
Met hyl ene
Chl ori de 100 33.2 0.41 0. 36 13.9
Met hyl ene
Chl ori de 200 66. 3 1. 65 1.48 11.5
Met hyl ene
Chl ori de 300 99. 5 1. 60 1.40 14. 3
Met hyl
Chl or of orm 2000 423 3.8 3.4 11. 8
Met hyl

Chl orof orm 300 635 4.4 3.9 12.8
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Tabl e VIII

Results of Two-M nute Burn Sequence for Methyl ene Chloride

Met hyl ene Met hyl ene Met hyl ene
Chl ori de Chl ori de Chl ori de Met hyl ene Chl ori de
Curul ati ve One TLV=100 ppm 1/2 TLV=50 ppm 1/10 TLV=10 ppm One TLV=100 ppm
Burn Ti me Phosgene Phosgene Phosgene Di chl or oaeet yl
(mn) Cone (ppm Cone (ppm Cone (ppm Chl ori de Cone (ppm
2 3.0 1.35 0.11 1.0
4 5.0 2. 27 0. 43 1.8
6 6.1 2.9 0. 63 2.5
8 6.9 3.4 0.73 3.3
10 7.3 3.6 0. 83 4.1
12 7.5 3.7 0. 95 4.9
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phosgene and dichl oroacetyl chloride concentrations are
provi ded. The phosgene and dichl oroacetyl chloride
concentrations increased as the tinme of burning increased,
but the rate of phosgene or dichloroacetyl chloride
production decreased as the burn tine increased. For
exanpl e, during the first two-mnute burn under the one TLV
col um, 3.0 ppm phosgene were produced, but during the |ast
two-mnute burn only 0.2 ppm of phosgene was produced. A
decrease in the phosgene concentration generated
corresponded to lower initial concentrations of mnethylene
chl ori de.

Figure 1 shows the increase of phosgene concentration
that results fromthe increasing burn time and the increase
of the initial nethylene chloride concentration. Figure 2
al so shows the increase of phosgene concentrations with timnme
and initial nethylene chloride concentration and al so shows
t he decrease in the rate of phosgene production over tine.
Al'l of the phosgene concentrations were greater than the TLV
for phosgene, which is 0.1 ppm (2). There is no TLV for
di chl oroacetyl chloride. Table VIII shows that the
di chl oroacetyl chloride concentrations were approximtely
one-third to one-half the values noted for phosgene, when
the initial concentrations of nethylene chloride were equal.
However, the rate of dichloroacetyl chloride generation did

not seemto decrease with tine as did the rate of phosgene

gener ati on.
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Tabl e | X

Results of Two-M nute Burn Sequence for Methyl Chloroform

Met hyl Met hyl ene Met hyl ene Met hyl
Chl or of orm Chl or of orm Chl or of orm Chl or of orm
Cumul ati ve One TLV=350 ppm 1/2 TLV=175 ppm 1/10 TLV=35 ppm One TLV=350 ppm
Burn Time Phosgene Phosgene Phosgene Di chl or oacet yl
(mn) Cone (ppm Cone (ppm Cone (ppm Chl ori de Cone (ppm
2 5.1 2.6 0.6 2.8
4 8.7 4.0 1.0 4.4
6 11.0 5.0 1.4 4.8
8 12,8 5.8 1.7 5.1
10 14. 2 6.5 2.0 5.6
12 15. 2 7.4 2.1 5.8
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Table I X shows the results of the sequence of two-mnute
burn times for methyl chloroform The phosgene and
di chl oroacetyl chloride concentrations increased with the
I ncrease of burning time, but the rate of generation for
bot h decreased with the increasing burn tinme. As the
initial nmethyl chloroformconcentration decreased, the
concentration of phosgene generated decreased. None of the
phosgene concentrations produced was |ess than its TLV of
0.1 ppm The concentrations of dichloroacetyl chloride
produced were approximately one-third to one-half the
concentrations of phosgene produced, when starting with the
sane initial concentration of methyl chloroform

Figure 3 shows the increase of the phosgene
concentration with increasing burn tine and also with
increasing the initial methyl chloroformconcentration.
Figure 4 shows the increase of phosgene concentrations wth
increasing time and nethyl chloroformconcentration, and
al so shows the decrease in the rate of phosgene production

over tine.

The purpose for using concentrations of one, one-half,
and one-tenth of the TLV was to investigate the possibility
of exceeding the TLV for phosgene while being at
concentrations below the TLV for nethylene chloride or
met hyl chloroform As shown in Table VIII and Table IX,
concentrations nuch greater than the TLV for phosgene were
produced at fractions of the TLV for nethylene chloride and

met hyl chloroform This | eads one to question the safety of
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wel ding in an environment containing these solvents at

concentrations near their TLV. |In fact this has been
investigated and it has been deterni ned that

trichl oroet hyl ene, perchloroethylene, and nethyl chloroform
when present in air near wel ding operations, may be
deconmposed to dangerous |evels of phosgene (12). It is
reconmended that if welding has to be done in environnents
containing these solvents, that a wel ding booth shoul d be
equi pped with both a fresh air intake and a vent, and shoul d
be kept slightly above the pressure of the surroundings to
prevent air contam nated with solvent fromgetting inside
the booth (12, 25).

In a study that was nmentioned previously (13), it was
establ i shed that phosgene was not the nain product in the
phot ochem cal oxidation of trichloroethyl ene, but
di chl oroacetyl chloride. The dichloroacetyl chloride yield
was usually five tinmes that of phosgene. It was al so stated
that dichloroacetyl chloride forned three times as fast as
phosgene (13). The results for nethylene chloride and
met hyl chloroformfromthis study do not agree with these
observations. The results shown in Table VIII and Table IX
indi cate that the dichloroacetyl chloride yield during the
deconposi tion of nethylene chloride or nethyl chloroformwas
one-third to one-half the yield for phosgene. These
differences nay be the result of various factors in the
study design such as the solvent chosen for study

(trichloroethylene versus nethylene chloride or nethyl
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chloroform, the method used to cause photochem ca
oxi dation (wel ding versus a propane torch), and the
experinental setting (small roomversus a chanber). The two
studies both indicated that as the initial concentration of
chlorinated hydrocarbon increased the rate and concentration
of phosgene and di chl oroacetyl chloride also increased.

The odor of dichloroacetyl chloride is very penetrating
and may be recognized at a concentration of 0.1 ppm A
di chl oroacetyl chloride concentration of 10 ppmw ||
I medi ately cause coughing and eye irritation and i s not
endurable for very long (13). Therefore, in the case of
trichl oroethyl ene, exposure to phosgene concentrations
greater than 2 ppmor higher for longer than a few mnutes
woul d be very unlikely. Unfortunately this does not appear
to hold true for methylene chloride and net hyl chl orof orm
| f one detects dichloroacetyl chloride while working near
met hyl ene chloride or methyl chloroform it would be best to
vacate the area since the phosgene concentration is nost
likely to be two to three tines greater than the
di chl oroacetyl chloride concentration. During the various

trials in the chamber, the odor of dichloroacetyl chloride

was often detected when the cork was renoved fromthe side
wal | of the chanber to allow the torch to be noved in and
out of the chanber.

At equal increnents of the TLV for methylene chloride
and met hyl chl orof ormthe phosgene and di chl oroacetyl

chloride concentrations produced were greater for methyl
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chloroform However, the TLV for nmethyl chloroformis 350
ppm and the TLV for methylene chloride is 100 ppm (2). At
equal initial concentrations, nethylene chloride would
produce greater concentrations of phosgene than nethyl
chloroform This is made apparent by conparing the results
in Table XII1 and Table I X for nethylene chloride at 100 ppm
and methyl chloroformat 175 ppm In this exanple, the
phosgene concentrations created from net hyl ene chloride
were greater, even though the initial concentration of

nmet hyl ene chloride was |less than the initial concentration
of methyl chloroform This relationship is clearly shown in

Figure 5. For nethylene chloride and nethyl chloroform

concentrations at the TLV, the concentrations of
di chl oroacetyl chloride generated were greater for nethyl
chl or of or m

Results of the effects that heating metals may have on
t he generation of phosgene fromthe deconposition of
nmet hyl ene chl oride or methyl chloroformare shown in Table X
and Table XI. The mass of each netal square is noted in the
headi ngs of Table X and Table XI. The heat of the torch was
usual Iy high enough that the metals were glowing red. The
concentrati ons of phosgene created during the heating of
metal s in atnospheres containing nethylene chloride or
met hyl chl orof ormwere | ess than phosgene concentrations
generated while sinply burning the torch and not heating
netals. Wen the torch flane was focused on the small piece

of metal a smaller volume of contam nated air may have
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Tabl e X

Phos?ene ncentr t|on Eff cts of Heated Métf’ﬂ S-
nitia N@tc% ene | or | e Cbncentratlon 0
TLV 0 ppm

Cold Roll ed &&aAal vani zed St al nl ess

No St eel Tltanl m Brass Al umi num St %I St eel

cmiative oM. phdsged py P % g os er?r% Ph( 2 g h 30 )éﬁdsze

Burn Ti nme

(mi n) Cone (%p cone ?%pﬂ) pr% gp ( ne qppn-) ne gppr%

2 1. 35 0. 53 0. 83 0. 0.70 0. 95 0.75

4 2.27 18 1.47 1.27 1.11 1.99 1.35

6 2.9 7 1.8 1.7 1.6 2.55 1.74

8 3:4 0 2.0 2.0 1.9 2.9 2. 05

10 3.6 2 2.3 2.3 2.1 3.0 2.2

12 3.7 3 2.4 2.5 2.2 3.1 2.3
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Tabl e Xl

Phosgene Concentration: Effects of Heated Metal s-
Initial Methyl Chloroform Concentration of
One-hal f TLV =175 ppm

Col d Roll ed &Gal vani zed sSt ai nl ess
No St eel Ti t ani um Br ass Al um num St eel St eel

Cumul ative Met al (4.4 q) (3.1 9) (3.9 9) (25.6 g) (3.6 g) (4.2 g)
Burn Time _ Phosgene Phosgene hos ene Phos ene Phos ene hos ene P os ene
(mn)  Cone (ppm Cone (ppm (ppn? (ppn) (ppn) (ppn) ppm

2 2.6 1.6 1.1 1.0 0.80 1.2 1.3

4 4.0 2.7 2.1 1.85 1.94 2.6 2.2

6 5 0 3.7 3.0 2.7 2.4 3.25 2.9

8 5.8 4. 4 3.5 3.3 2.8 3.75 3.55

10 6.5 4.8 4.0 3.7 3.3 3.9 3.85

12 7.4 5.3 4.1 3.9 3.5 4.0 4.1

u
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passed through or near the flane and therefore there may be
| ess deconposition of the solvent to phosgene. Figure 6 and
Figure 7 show that the phosgene concentrations did increase
with increasing burning time, but the rate of this phosgene
generation decreased with time. Figure 6 and Figure 7 al so
show that there were no identifiable patterns as to which
metal nmay have had the greatest or |east influence on the
phosgene concentrations gener at ed.

It is interesting to conpare the results obtained in
this experinmental setting to other simlar projects.
Results froma simlar study in which chlorinated
hydr ocar bons (i ncludi ng nethyl ene chl ori de and net hyl
chloroforn) were introduced into a stainless steel and
al um num chanber having a volune of 600 liters will be
di scussed (25). The concentration of the chl ori nated
hydr ocarbon was to be approximately its TLV. Wl di ng was
t hen performed by an experienced wel der for 15 seconds to
600 seconds on bl ocks of soft steel. The phosgene
concentrations were determ ned using infrared anal ysis.
Met hyl ene chloride resulted in phosgene concentrations of
approximately 1 ppm and nethyl chloroformresulted in
phosgene concentrations of approximately 0.5 ppm The
author noted that the initial nethylene chloride
concentration was 730 ppm (25). Unfortunately the authors
di d not specify precise welding times, but conparison to the
two-mnute burn tine fromthe current study may be

sufficient. 1In the current study, concentrations of
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phosgene produced from nmet hyl ene chl oride and net hyl
chloroformat their TLV were 3.0 ppmand 5.1 ppm
respectively. These values are three to ten tinmes the

val ues noted earlier for the study discussed above (1 ppm
phosgene from net hyl ene chloride and 0.5 ppm phosgene from
nmet hyl chloroformy. 1In the current study, heating netals in
an atnosphere containing concentrations of nethylene
chloride and nmethyl chloroformat one-half the TLV resulted
I n phosgene concentrations of approxi mately 0.72 ppmand 1.2
ppm respectively. Values obtained in the current study are
again greater (even at the lowinitial concentration of one-
hal f the TLV), but conparison is difficult because the
difference in initial solvent concentrations.

The phosgene concentrations resulting fromthe sequence
of two-minute burning tines for two antispatter conpounds
that were injected into the chamber by mcroliter syringes
are shown in Table XIlI. The conposition of these
antispatter conmpounds was noted earlier in Table Il. One
t housand microliters of the antispatter conmpound were
injected into the chanber. Conpound A produced 143 ppm
nmet hyl ene chl oride and 100 ppm net hyl chl or of or m and
Conpound B produced 10 ppm net hyl ene chloride and 175 ppm
nmet hyl chl orof orm Conpound A produced nuch greater
concentrations of phosgene than Compound B. This occurrence
results fromthe high concentration of nethylene chloride
and significant concentration of nethyl chloroform produced

by the evaporation of Conpound A. As noted in the previous
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Tabl e XlI |

Phosgene Concentrations Resulting fromthe Deconposition
of 1000 ul of Antispatter Conpound in the Chamber

Anti spatter Anti spatter
Currul ati ve Conmpound A Conpound B
Burn Tinme Phosgene Phosgene
(mn) Cone (ppm Cone (ppm
2 5.9 2.1
4 9.8 4.1
6 12.2 5.15
8 14.2 5.75
10 6.3

12 6. 6
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experinents, the phosgene concentration increases with

Increasing burn time, but the rate of phosgene generation

decreases with increasing burn tine.

The results of spraying the antispatter conpound into
t he chanber and burning the torch for two mnutes and then
spraying a nmetal square in the chanber and heating the neta
with the torch are shown in Table XIIl. Conparison of these
results is difficult because there was no neasure of the
vol une of the antispatter conpound introduced into the
chanber. However, the initial nmethylene chloride or nethyl
chl orof orm concentrati ons were noted. |t appears that
heating the netal had no effect, as noted earlier. The
val ues for Conmpound B are | ess than those for Conmpound A,
but this may be the result of initially spraying a snaller
vol unme of the antispatter conpound into the chanber.
However, it may be possible that Conpound B does produce a
| oner concentration of phosgene. Although heating various
netals did not affect the phosgene concentrations produced
during the deconposition of methylene chloride or nethyl
chloroformin this study, other studies have identified
differences for various nmetals. 1In one study in which
wel di ng was performed in air containing the vapor of
stabilized nethyl chloroform the rate of phosgene fornation
was greatest for alum num then stainless steel, and then
carbon steel (12). Results from another study reveal ed that
consi derabl e amounts of phosgene were produced when net hyl

chl orof orm was passed over heated iron, steel, or copper
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Tabl e Xl 11

Phosgene Concentrations: Antispatter Conpounds
Sprayed i nt o Chanber

Anti spatter Conpound A

Initial Initial
Met hyl ene Met hyl Phosgene
Tor ch Chl ori de Chl or of orm Cone
Condi ti on Cone (ppm Cone (ppm __(ppm
In air 165 135 6.3
On net al 157 125 5 1

Anti spatter Conpound B

Initial Initial
Met hyl ene Met hyl Phosgene
Tor ch Chl ori de Chl orof orm Cone
Condi ti on Cone (ppm Cone (ppm (ppm
In air 15 620 5.4

On net al 17 602 4.8
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(10). In the current study, a propane torch was used to
initiate the deconposition of chlorinated hydrocarbons. A
flame emts very little ultraviolet radiation, but a welding
arc emts high intensity ultraviolet radiation. As the

wel ding current increases, the intensity of the ultraviol et
radi ation increases (11). Utraviolet radiation is a very
effective neans of initiating the deconposition of

chl orinated hydrocarbons (27). The wel ding process or the
type of nmetal to be wel ded nay effect the intensity of
ultraviolet radiation emtted. Further investigation of
this occurrence may provide useful information. A propane
torch was used for the current study because it was not
practical to weld in the plexiglass chanber. The use of a
propane torch instead of welding may explain the differences
noted concerning the effect of heating netals on the
phosgene concentrati on.

The Draeger detector tubes were used during these trials
to conpare their accuracy with the infrared instrument. The
infrared instrunent neasured a phosgene concentration of
12.2 ppm and the Draeger tubes indicated 2.5 ppm It is
difficult to explain such a great difference since the
reaction in the detector tubes for phosgene is specific and
no ot her gases have influence on the phosgene indication,
according to the literature fromDraeger. Furthernore,
experinmental results confirmthat there is no interference
fromchl orine, hydrogen chloride, and nitrogen dioxide, but

the tubes do respond to acetyl chloride (25). Therefore,
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t he tube readi ngs nay be conservative and the actual
difference greater. This indicates that the accuracy of the
tubes may be questioned and that care nust be taken when
dependi ng on the tube to evaluate a potentially hazardous

envi ronnent, and an alternate nethod nay be preferred.
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B. Field Study

The results of the field study are shown in Table X V.
The phosgene concentrations recorded in Table XV are peak
concentrations reached during the trial period. The phosgene
concentration woul d peak just following the initiation of
wel di ng and stay steady for approximately ten to twenty
seconds and then slowly decrease to zero, unless additiona
antispatter was sprayed during welding. |If additional
antispatter was applied then the phosgene concentration
woul d peak again. The wel ding process used for alum num was
not operating properly, so only two values were recorded. A
Dr aeger detector tube was used to obtain the concentration
of phosgene present in the welder's breathing zone. The
tube indicated a value of 0.5 ppmwhich correlated closely
to a value of 0.4 ppmindicated by the infrared instrunent
whi ch was slightly closer to the welding surface. Table 14
shows that concentrations above and bel ow the TLV for
phosgene (0.1 ppnm) were recorded. Variability in phosgene
concentrations resulted fromthe inability to apply
consi stent volunes of the antispatter conpound to the netal
surf ace.

It seens that sonme manufacturers of antispatter
conpounds are concerned about the deconposition of
chl orinated hydrocarbons in their products. Sone |abels
i ndicate that the product contains chlorinated hydrocarbons,

but not carbon tetrachloride. Oher |abels indicate that

t he product contains no chlorinated hydrocarbons. Since


NEATPAGEINFO:id=CEFF5597-9406-461C-A777-6EFBC2BD4FC4


62

Tabl e Xl V

Phosgene Concentrations: Measured During the Field Study

Anti spatter Compound A
Phosgene Phosgene Phosgene
Base Cone (ppm Cone (ppm Cone (ppm
Met al Trial 1 Trial 2 Trial 3
St ai nl ess
St eel <0. 1 <0.1 0. 15
MIld Steel 0.2 0. 5* 0.2
Al um num <0.1 No dat a No dat a

Anti spatter Conpound B

Phosgene Phosgene Phosgene
Base Cone (ppm Cone (ppm Cone (ppm
Met al Trial 1 Trial 2 Trial 3
St ai nl ess
St eel <0. 1 <0.1 0. 4*
MIld Steel 0.1 0.7* 0.2
Al um num <0.1 No dat a No dat a

*Det ect ed odor

of dichl oroacetyl chloride.
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Conpound B, a newer product than Conpound A, contains very
little methylene chloride it is possible to surm se that
manuf acturers may be using nethyl chloroformto reduce the
heal th hazards presented by the deconposition products of
their antispatter conpound. The substitution of methyl

chl orof orm nay be based on the stability of methyl
chloroformto ultraviolet radiation because of its weak
absorption of ultraviolet radiation. One author concl uded
that methyl chloroformis quite stable to open arc welding
energy and phosgene, if generated at all, will be at a | ow
concentration and is not likely to exceed the TLV (24).
However, a different author (12) concluded that nethyl
chloroformis not a safe solvent in the welding environnent.
This is because methyl chloroformcontains stabilizers and
their concentration may be greatly reduced over tinme and
therefore the phosgene yield will increase. In addition,

t he deconposition products from nethyl chloroformdo not
provi de any adequate warning properties to indicate the
possi bl e presence of phosgene (12). Fromthe results shown
in Table XII1 and Table XIV it is difficult to identify any
differences in the phosgene concentrations generated.
Unfortunately it appears that the substitution of methyl
chlorof orm for methylene chloride in antispatter conpounds
Is not effective for reducing the phosgene concentration
generated during the deconposition of the antispatter

conpound.
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Since the peak phosgene concentrations generated in the
field study were generally | ow concentrations and the
decrease of this peak concentration was quite fast (ten to
twenty seconds), it seens that the proper use of antispatter
conmpounds in a well ventilated area would not present an
environnent that would allow for hazardous concentrations of
phosgene. However, the results fromthe chanber study
I ndicate that high concentrations of phosgene may be
produced in sone situations. The ventilation in the chanber

I's not conparable to that found in nmost wel ding

environments, since there is no air novenent through the

chanmber to allow for dilution of contam nants. The absence
of air novenent would tend to increase concentrations of the
deconposition products in the controlled experinental
situation. However, two factors may cause simlar
concentrations of phosgene to be reached in a practica

wel ding environnment. The first factor is the possibility of
wel ding with an antispatter conmpound in a confined space.
The second factor is that the m suse of the antispatter
product may result in high phosgene concentrations.

Exampl es of msuse may include spraying large quantities of
the antispatter compound and wel ding before the antispatter
dries, spraying the antispatter compound while actually

wel ding, or spraying the antispatter conpound every few
seconds. Warnings to alert users to such occurrences may be

i ncl uded on labels and al so enphasi zed on Material Safety

Dat a Sheet s.
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The wel der who becane ill while using an antispatter
conpound to provide a smoth wel ded joint on gal vani zed
steel playground equi prent may have been exposed to high
concentrations of phosgene. This particular welding
envi ronment provided both of the factors that may enhance
t he devel opment of hazardous concentrations of phosgene. A
children's playground tunnel, which nay essentially act as a
confined space, was being wel ded together. 1In addition, the
wel der was misusing the antispatter conpound by liberally
appl ying the conpound up to ten tines a mnute. Therefore,
It seens very possible that significant concentrations of
phosgene may have been produced. |In addition, the burn
pattern identified during the biopsy may have been the
result of phosgene being carried by the fune (by coating the
surface of the fume) to the lower regions of the lung. It
i's possible that once the fune had becone inbedded in the

lung tissue the phosgene was hydrol yzed.
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Vi . CONCLUSI ONS AND RECOMVENDATI ONS

A. Concl usi ons

The information obtained during this study permts the

foll owi ng concl usi ons:

1. The antispatter conpounds contai ned met hyl ene chl ori de
and net hyl chl orof orm

2. Concentrations of phosgene created in the experinenta
chanber setting fromthe deconposition of nethylene chloride
or methyl chloroformat one, one-half, and one-tenth of
their Threshold Limt Value, were considerably greater than
the Threshold Limt Value for phosgene. Therefore the
safety of welding in an environnent containing nethylene

chl oride or methyl chloroformcannot be determ ned by the
concentration of nethylene chloride or nmethyl chloroform

3. Heating of one inch square pieces of netal to el evated
tenperatures in the chanber did not increase the
concentrations of phosgene produced. Studies conpleted by
other authors did identify significant variations in
phosgene concentrations with different nmetals. This

di fference may have resulted fromthe use of a propane torch

which emts very little ultraviolet radiation.
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4. Tests of antispatter conpounds under actual wel ding
conditions did not produce hazardous concentrations of
phosgene under normal conditions.

5. Factors that were identified which may cause hazardous
conditions were a confined space or an area with little or
no ventilation, or excessive use of the antispatter
conpound.

6. It is likely that the wel der who becane ill when using
an antispatter conpound while welding on children's

pl ayground equi pnent was exposed to high concentrations of
phosgene. Exposure may have been intensified because the
wel der was essentially welding in a confined space and was

al so m susing the antispatter conpound.
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B. Recommendat i ons

The foll ow ng recormendations are nade in an attenpt to
prevent any injury that may result from welders using
anti spatter conpounds;
1. Antispatter conpounds that do not contain chlorinated
hydrocarbons are available. The use of these products and
t he devel opment of a variety of such products to neet the
wel der's needs shoul d be encouraged. Although the use of
antispatter conpounds containing chlorinated hydrocarbons
does not present a hazard in a well-ventilated wel ding
envi ronnent, avoi dance of any exposure to deconposition
products such as phosgene is desirable.
2. To ensure safe conditions in a welding environment which
may contain chlorinated hydrocarbons the foll ow ng neasures
are recommended. A wel ding booth should be equi pped with
both a fresh air intake and an exhaust vent, and shoul d be
kept slightly above the pressure of the surroundings to
prevent air contamnated with the chlorinated hydrocarhbon
fromgetting inside the booth.
3. Welders using antispatter compounds which contain
chlorinated hydrocarbons should be warned of the specific
hazards and nade aware of the precautions to be taken.
Label s should clearly identify this information and a
Material Safety Data Sheet should also reflect these
warni ngs and precautions. The new Hazard Communication |aw
shoul d inprove the content of Material Safety Data Sheets

and the information provided to wel ders.
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Current Material Safety Data Sheets for antispatter
conpounds do not nention the possibility of the formation of
hazar dous deconposition products such as phosgene. Materia
Safety Data Sheets for three different antispatter conpounds
may be found in the Appendi x. Another problem concerning
the Material Safety Data Sheets is that requests are not
al ways fulfill ed.

4. Additional areas to investigate:

a) an in-depth field study at a site where antispatter
conmpounds are used frequently;

b) include in the field study an investigation of the
t heory that phosgene may be carried to the | ower [ung region
by attaching to the fune and then mgrating to the |ung
ti ssue where hydrolysis may occur; and

c) also include in the field study an evaluation of the
intensity of ultraviolet emssions fromvarious welding
processes and various netals. Determne the effect of the
intensity of ultraviolet emssions on the phosgene

concentrations produced.
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us. DEPARTMENT OF LABOR

MATERI AL SAFETY DATA SHEET

Raqui rxI under USDL Saftty and Haaltti Ragulniont for Ship Rapairing,
Shi pbui | di ng, and Shi pbreaking (29 CFR 1915, 1916, 1917)

SECTION L l
MANUFACTUW RS NAMC I MERO NCV TCLI r MOM NO.
Bering Sai | aa 21U 357-93T1*
10323 “arr-r  Hin-1  Bivd., Nl& T T ’
CneM CAL NAMC AND SVNONVMS TRAQC NAVE ANDSVNONVNVE 1
i, N
C»EM CAL FAM LY f dRMJuA‘Jt‘-A ﬂ._._d:.l S !

SECTION'I1 @ HAZARDOWS | NGREDXEATS |

PAI NTS, PRESERVATI VES. » SOLVENTS < I;'I-‘\l’) ALLOYS AND NVETALLI C COATI NGS o I-l:tIT\Vn |
Pl GQVENTS BASE METAL
CATALVST ALLOYS
VEHI CLE METALLI C COATI NGS
SOLVENTS Chl ori nat ed (1-1-1- ELtSLEoRtmNﬁr@ OR CORE FLUX
ADITIS R) 80 350 OTHERS
OTHERS
HAZARDOUS M XTURES OF OTHER LI QUIDS. SOLIDS. OR GASES % (Uim
Propel | ant Car bon Di oxi de 20
BOILING PONT ("F-1 SPECI FIC GRAVITY |H O 1) 1+
VAPCOP PRESSURE (nm Hfl.) 70 max ;’\ER\?&":JTNE \(/:JI;)ATI LE 85- 90
VAPOR DENSI TY (AIR-11 [EVAPCRATI N RATUE 1 +
SA _UBI LI TV I N WATER no
FERE D00 |
SECTION [V FI RE AND EXPLOSI ON HAZARD DATA )
FLASH PO NT (Mal hoa UNMD) FLAMVABLE LIM TS um u.,

CXTI NGUI SHI NQ MEDI A

SPECIAL FI RE FI G NG proceaut 1M f2p. Dry rhodiilrA»
UNUSUAL "I RE AND i ~_OS' ON HAZARDS
container  under ~pressure. Do not exuose to tenpeaatures (treater 1

thn JUF. |

PAGE (1» t Conl i nukKi on rww si de) For m CSHA- 20
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SECTIOVV - FEALTH HZA 4T |

FFFECTS O OVERBPOSURE Hg;wu concentrations: signs of aneatheala |1
ENEBEW\OHWWS flush vith Targe amunts of water} get medical aid. f
It oiglfoed, do not induce -vomting.  Call physician |
SECTION I, REACTIVATY DATA !

L STABILITY UNSTABLE ODen flame can cause thermal decompositlonl

BT (40s 004
WO CEIPCH 01 PRDLTS

(DTN 10 AVOD 1

MAY  OCCUR
HAZ ARDOUS

POLYNMERI ZATI ON
W LL NOT OCCUR

SECTION VI - SPILL OR LEAK PROCEDURES
STEPS TO BE TAKEN | N CASE MATERIAL |'S RELEASED CR SPILLED

WASTE DI SPOSAL METHOD

SECTION'VI12 SPECH AL PROTECTI ON | NFCRAATI ON l
AR AIETO 3000 ) | 1
VENTI LATI ON LOCAL EXHAUST ”/\i ”/\/\i A ALY SHIA 1
NECHANI CAL/ Cf nva/ ~  Maintain OTHER

PROTECTI VE GLOVES EIE PRUECTON !
(VR RTECTIE BT |

SECTION T X - SPECIAL PRECAUTI NS l
PRElggunn%\‘tS Tgu?]EctTGIF%\‘ l NO%NDLiIrTSi '?]Ngr Sa'Ecgl NG Keep out of reach of childr en. -Do

not Sore at tenperatures above 120"7? Avoi d prol onged breathl ag

OTHER PRECAUTI ONS of vapors.

For m OSHA- 20
PAGE (21 nn. May 71
ore ts.sM
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76
Uus Ui'"MWiivitiIMIl ur- LABUH

Qccupational Safety and Health Adminittration

MATERI AL SAFETY DATA SHEET

LA
Required under USDL Safety and Heal th Regul ations for Ship Repairing,
' Shipbuilding, and Shipbreal <ing (20 CFR 1915, 1916, 1917)
SECTI ON |
MANUFACTURER S NANMK EMCROENCV TELEPHONE NO.
HORRCSS (‘f’“n%o“s! 0 Proodet 1% g
|-umer [ee ale, en e '
e 620 DLEQUUAR T PETROITa M ACHRML. LS one
K6 oM JLA Npi zh Kirrn
T CORTY A BKEDIG Al - SPYTTE ISUCAE  H Tl I CH nitor TN, G
| SECTI N1+ FAZARDIOLS [ NGRED) ENTS |
PAINTS. PRESERVATIVfa. |i SOLVENTS % (vaLu\|/ ALLOYS AND METALLIC COATI NGS K (H
Pl GVENTS 0 BASE METAL 0
CATALYST (6] ALLOYS (@)
VEHI CLE ) METALLI C COATI NOS (o)
SOLVENTSCAS Rec.25323-89-1  nagt A\ « 068 oo NG or come pLUX o
Aooi Ti veCAS Reg. 68037r77-J""" 11 OTHERS 0
I OTHRS 008 ! "
{n I HAZARDOS M XTURES (F OTHER LIQU DS, SCLIDS. (R GASES % (Unan)
! Nong

1 SECTIQNTT1 - S CAL DATA )

aO LINQ PONT ("P.J 161 SPECIFIC GRAVITY (H O1) 15 1

. PERCENT. VOLATI LE
VAPOR PRESSURE (m Hg. ) uli SO "N BY voLUMVE (% J. @ J
EVAPORATI ON RATE A
VAPOR DENSI TY (AIR t) ~h, M\, (emememmeereer e ) '
SOLUBI LI TY | N WATER Not

1 APPEARANCE AND ODCR CLCRESS O SLLOHLY ACE™.  LVENT  CBR |
SECTI ON 'V - FI RE AND EXPLOEI O HAZARD DATA |

FLASHPO NT (MthonABl e TCp FLAMVABLE LI M TS Lal Al }
rL e . )

E)GIWSHM v : 1

SPECTAL FE FIGHTNO PREDURES !

UNUSUAL FI RE AND EXPLOSl ON_HAZA| E  DrenMPn<rn 1

Grrt-Y " HMN?E HENor PRCaSWBIZro CAy AND VAPR CAM B |

PAGE (1) (Continued on reverse tide) For m GSHA- 20

Rav. My 72


NEATPAGEINFO:id=64710270-B758-42D5-9813-6584DFA970B6


77

sasurwos,, S0 VR \

P OB LB
NOALATI ONI OUZI NCSS
e CEFATTING  NO  ABSORPTI ON
mewwwmm vent esh air 1
a ...%NL TLU%SH WHW\T P AND W\T(RA APPLY LANO.|N CREAN , )J

w0 BT 0 | |

" INSTABLE 1t (0TS oA, - S I | }

STABI Ul TV

STABLE X

WOPHLTViiiat DA 1 AND  POSASSI UM HYDROXI DES |
HAZARDOUS OKCOWPGOSI Tt ON PRODUCTS

CONDI TI ONS TO AVOl D
HAZ ARDOUS MAY R

POUYMERI MATI ON W LL NOT OCCUR X

\
|
!

SECTION VIl . SPILL OR LEAK PROCEDURES
STEPS TO BE TAKEN IN CASE MATERIAL | S RELEASED CR SPI LLED

Nbg 80AK VI TH AayPRBCKT MATIR, | AU> Pt SPGaE w, r Ti HAa. ULnFi Ei ENT
ESH AI R TN AREA

WASTE DI SPCSAL METHOD
NOWVAL I'N PLANT

SECTION VITT + SPECI AL PROTECTI ON | NFORNATI ON 1
RESP| RATpm(4 PRG&%&I\I Speci fy typt) '. |
LT R
ATV - EAENTI AL
PROTECTI VE (Jt_O\/ESNEEDED CYC PROTE%(N Necoeo f]

SECTION | X « SPECI AL PRECAUTI ONS

PRECAUTI ONS TO BK TAKEN | N >4ANCLI Na, AND STORI NO
STPRt VI TH W AagWAai E t ABG | H tg9" PVAOt f fi

OTHER PRECAUTI ONS

...... 3| L1 Lyy—mmvan—s—HPN A A-11 | |1 8—«PWPi ——»—«M ", —»»i p» [

REPEE\J%N%Z?HE%% G fesvﬁojldWéEe'Asas?JA%Daﬂm PO R |

ditional SAFETY MEASURES MAY NOT BE REQUIRED UNDER PARTI CULAR CR

EXCEPTI ONAL CONDI TI ONS OF USE*
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U.S. DEPARTMENT OF LABOR OB Na 44" R 37
Qccupational Safety and Health Administration

MATERI AL SAFETY DATA SHEET
el e ARt

SECTI ON |
MANUCACTURKR S NAM CM RQuNCV TBLEPHONK NO,
nccrELD- A' D PR(DUCI% LNGR: cuge
HM S DETROT, M

CHEM CAL NANE AND SYNO\IYI\/B BW Zﬁf mm%%
CHEM CAL FAM LY @ Fof ML - o et YRR

| NPUSTRI AL VEUDI'HG AN, T! - SPATTER E‘%LIA’&EQ AQLgani ¢ OIA I M Trichloro-

SECTION Il - HAZARDOUS | NGREDI ENTS
TLV
PAINTS, PRESERVATIVES, & SOLVENTS WiH ALLOYS AND METALLI C COATI NGS (Wit
Pl GVENTS NO BASE METAL NC
CATALYST NO ALLOYS m
VEHI CLE | . METALLI C CQOATI NGS NQ
Nor LesSaiIN ! Pl LLER METAL NO
savents Not nore  traTli 92 PLUS COATI NG OR CORE FLUX
T . i " NO
aooi tiveshase proouclt (Gil) L ' " o
OTHERS NO Ty
HAZARDOUS M XTURES Of OTHER LIQUIDS, SOLIDS. OR QASES (Ui ul
N A
' SECTION [11 - PHYSI CAL DATA
BOILING POINT ("P.) 165 SPECIFIC GRAVITY (HO1) 1.30
VAPOR PRESSURE (mm HE I .) |.. 120 yv R Oe (35 F Not  knownN
A EVAPORATI ON RATE : A AN
VAPOR DENSI TY (Al R-1) . bb ( i
SOLUBI LI TY | N WATER No
APPEARANCEANo0OOR COLORLESS,  SCLVENT ODCR
1 SECTION V', FIRE ALNQMEA)LSE@L% I'TM;ZARD DATA .
FUAOMA- " (Br. ' TOQ OOC
EXTI NGUI SHI NG(NEDI A m

NOT  NEEDED

SELA) IR FIGHT 16 RS 1
! L ‘ |
OSLAL .. RE ANOMtjPS'cp,"gg® O+

PAGE (11 2. (Continued on reyerseiide) Form CSHA- 20
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SECTION V'« HEALTH HAZARD DATA

THRt SHOUO LIM T VAUUC

0 AT AR

NHALAT
G %&M R, LONTONG 1Y,
KVEROE AL %\L&:& RESg\I-AI R UG

KN VASH SOAP AND v/ AT&R. KYED- FLU."H WTH WATFR
I NGESTI ON- TREAT SYMPTOMRTI CALLY

SECTION VI . REACTIVI TY DAT/"

<;ONOTIONS TO AVO D
UNSTABUe

o s A PCTASS UM WORODES -+ i1 JIWD - <

HAZARDOUS DECOMPGSI TI ON PRODUCTS

STABI UTV

CONDI TIONS TO AV D
MAY OCCUR

HAZ ARDOUS
POLYMERI ZATI ON W LL NOT OCCUR

SECTION VI1 . SPI LLORLEAKPROC™ DU A ©S

SRR W e o

g, £LCAN

SECTION VUl . SPECI AL PROTECTI ON | NFCRMATI ON
RESPI RATW&VS pW type)

ironxi T
LOCAL EXHAUST
VENTI LATI ON

OTHER
MECHANI CAL (Gntrali
NORMAL | N Pl ANT,

PROTECTI VE QL NEéDED tji

OTHER PROTECTIV%«EfUhE%Ew5£P

SECTI ON MM SPECI AL PRECAUTI ONS
e 1 A M A AH cool  plact .

OTHER PRECAUTI ONS

P01 Oﬁ@[&m 3&4” Q@E@fm Oéiﬁ%@@%@@%ﬁ i PARTM:ML,KR

& PROTECTI ON
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