- The meetmg was mlled to order by Voyta
Wrabetz, Chalrman, Industnal Commrss:on

" ”_'October 14 1937

of WJsconsm, Madxson, who presxded and
mtroduced the speakers R

. vaxsxon of, Labor Standards. U S Department of Labor, Washmgton. D.C..

. The mhalatton of metal fumes i a com-s

mon cause of’ illness among:certain otcupa-.

tional .groups.- “‘Two. very-different- systemic -

reactions may-, resalt . from. brath:ng air’
‘containing particulate metal or metal: com- .
. pounds- (a) ‘metal: fumie- fever, an-acute, -
transitory, non-fatal disease causing slight or- .

temporary, dlsabll:ty, (b): :Systémic’.. metal
poisoning, mild,. seyere, oreven:fatal in its

- effect, The same, occupatxonal exposure may,
produce both" reactxons, metal fume. fever
*)developmg following the worker's early.ex-
/posure, chronic.systemic poisoning develop-'

ing later as.a result of . prolotiged exposure.
We ‘may’ consider metal: ‘fumes as:-solid
particles gererated . by . condensation . from
“-métal in a gaseous. state, Condeénsation :
usually accompamed by oxidation. .

There are two chief - -physical: charaeter- o

-~ istics of metal fumes which béar a direct -

relationship to the ease with which they may .

be absorbed: :(a) :The solid. .particles ‘are .
much finer than atmospheric: dust, probably
averaging less than .5 microii -in’ diameter;
) they tend to: flocculate and settlé out of
the air.as dust The- finér the: solnd particles
suspended in;the air, ‘the’ longer ‘the’ time
-required for them to -settlé out Many of

the coarser::dust partzcles "b the -air are

trapped in the tipper respirdtory tract and by
the ciliated ‘cells ‘lining: the trachea -and

bronchi, while | the " finér’ partxcles ‘may be’

- carried ‘to the terminal air ‘spaces of the
Tungs. Here they are taken up by the phago-
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cytxc " cells and : are elxminated cluefly by way
of the blood and' lymph.‘

.Sayers and hxs assocnates? found that only

about 15: per.- -cent "of . inhaled . particulate -

matter. such ‘as lead dist’from’ automobile

exhaust: gas. was retained..in the'lungs, the .-

remamder passing out with, the exhaled air.
Drmker andhxs associates” "and Brown® made

quantxtatxve mwsurements of- fiimes retained
in the lungs. They found 2’ direct relatron-.

ship ‘between the. percentage of ‘fumes_re-

tained- and the size. of . the partncle and the .

densxty of the fumes breathed. They also
“showed’ that ‘slow deep breathing mcrmsed
the reaction -resylting “from mhalmg zince
fumes. Such breathing should increase the
percentage' of partxculate matter retamed

Hazardous Processes

For convemence ‘weé miay place the more
common” occupatxonal environments whrch
. are likely to afford a-harmful exposure to
metal fumes in three large grouips:

1 Smelting of ores and reﬁnmg of metals

2, Employment at'processes handling mol-
. ten metal such as molding, cuttmg, and
welding .operations.’ :

3. Salvage and cleaning operations, mclud-
ing: the. buriing of - metals .or- -metal

- ;covered: objects, especially by means of .. '

" acetylene torch or electric arc.

In-the first class, the ores or metals’ proc-
essed provrde the’ source for the geueratlon
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offumes. Such operahons are usually per-
manent and exposures tend to be more con-

stant, although as a rulé the greatest amount -
of fumes is generated durmg tappmg opera-.

tions.

leewxse, in the moldmg processes the mol-
ten metal is the source of metal fumes. In’
welding, cutting, and salvage operations, the
metal fumes may originate from metal prod-
ucts processed, coated surfaces of the metals,
fluxes used, or from the coating or core.of
the electrode used, -

These latter operations may provnde ex-.
posure to a greater variety of toxic metals, '

but as a rule such exposures are to lesser
concentrations, Exposure usually is less
regular since the operations vary from time
to téme both'as to extént and raw materials
use

Atmospheric Conqentutiom

Data relative to the minimum concentra-
tions of metal fumes which will produce
metal fume fever are limited, It is believed
by some that, except in case 'of the super-
sensitive individual, metal fume fevers can

" be avoided by keeping atmospheric concen-

trations below 10 milligrams per cubic meter

100 , Twenty-.m:th Natwnal Safety C ongress

Metal Fume Fever

A strict mterpretaﬁon of the term “metal .

fume fever” does not place it in the: class of"
conditions termed “metal poisoning.” ‘The
reaction. set up.-in the bady is ot directly-
attributable to-the toxic metal, or dependent
upon the inherent toxicity of the metal par-
ticles inhaled..The superficial action of the
finely divided metal destroys the tissues, and
the absorption of these altered body proteins
affects. the individual much the same as

typlioid inoculation or the uu ect:on of other

foreign proteins.

Metal funie fever has long been recogmzed
as an industrial disease. Other ternis com- .
monly applied to the condition are: “Brass’
founders' ague,” “brass chills,” “zinc fever,”
or. “zinc chills,” “spelter shakes,” ete. For-
merly ‘it was thought due to the poisonous
effects of zinc and zinc alloys. Various .

.workers in the past-quarter century have.

of air, Drinker and. his associates* suggest - -

15 milligrams: per cubic meter as a safe limit
where workers are exposed to the fumes of
zinc oxide, provided the fumes of such im--
purities as lead, cadminm, and arsenic are
not also present in harmful amounts,

Our khowledge of safe limits from the
viewpoint of chronic metal poisoning is like-
wise meager. Prolonged exposure to lead
concentrations in thie air breathed should be
kept below 1,5 milligrams per 10 cubic meters

" of air® In the study of chronic mercurialism

among fur cutters® it was found.that cases
developed after pr'olonged exposure to at-

. mospheric concentrations varying from .6 to

72 mtlhgra.ms of mercury per. 10 cubxc
meters of air,

Less than 5 per cent of those exposed to

concentrations which did not exceed 2 milli-

grams per 10 cubic meters of air developed
symptoms of chronic mercurialism, and all

cases that developed under such exposure’

were mild, Canavan and his associates' re-
ported upon a case of chronic manganese
Jpoisoning which developed following expo-
‘sure to manganese dust, where the concentra-
tion in the atmosphere was from 10 to-20
milligrams per cubic meter of air, 9 to 12 per
cent of which was nianganese,

shown, however, that it may be produced by
the fumes of metals other than zinc; notably,. -
copper, magnesium, manganese, and probably
léad, Koelsch® in 1923 reported upon.the
occurrence of metal fume fever among em-
ployees in g copper rolling mill, .
Investigdtion showed the men to be work--
ing under conditions which caused them to.
breathe air containing heavy concentrations
of copper’dust. The symptoms resembled .
“brass fqunders’ ague” In his report he
quotestxssalt’ as “showing that mercury,
nickel, and probably other heavy mefals-
when inhaled: in vaporized form caused

'symptoms similar to those of “brass found-

-~

ers” ague.” -
Drinker and his associates® in 1927 re-

ported that men experimentally exposed to
fumes of magnesium developed the classical

- symptoms of metal fume fever.,

Clinical Picture of Metal Fume Fever

. The clinical manifestations of metal fume
fever are as follows: At the end of the day,
or 2 to 12 hours following exposure to metal
fumes, the individual notices 2 dryness of
the throat in addition to the metallic taste
which most workers commonly experience
during exposure. A feeling of tightness of
the chest, varying with the exposure, usually

indicates the severity of ‘chills and fever .

which are to follow. In mild cases the indi-
vidual ‘may not be aware of any fever and
may complain only of a chilly sensation, fol- -
lowed by sweating and general weakness.
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! Exposure to extrené.cold may hasten the
jonset of fever and chills, but as a rule the
{worker . awakens -from sleep with a. lugh.

temperatire and chills, which are quite simi-

_lar to the chills and -fever experienced in
-attacks of malaria, 'After they have devel-

oped, nothing"in the way of extra covers or

hot baths appears -to -affect thesé chills,
Toward: the end of the attack the individual
sweats ‘profiisely-and is left with a feehng‘

of marked weakness. In -theé majority of
cases some: weakness is still- felt. the next

day.” It is commionly-believed that hot baths

and Hot drinks of tea or lemonade may suc-
¢eed in partially aborting the attacks, if
taken at the first sign of respiratory ditﬁculty

sich as a dry-throat. or tight sensation in:
the chest. -Drinker and his co-workers* by -~
their experimental. work were unable to -

show that even excessive “sweating” of an

.individual 2 to 4 hours: after -exposure al-

tered the reactions in any manner.

.- Examination of. the blood of workers
‘suffering from metal. fume fever shows a :

gradual. increase.in the polymorphonuclear.

leukocytes which begins toward the end of .

the attack and persists: for some time after
ithe fever has ‘disappeared, This increase in
white ‘blood cells.appears -to have a direct

« bearing upon -the degree of temporary im--
_ :munity established. .

. This probably accounts for .another char-

cteristic clinical observation. The workers

“are most likely to be affécted after a vacation

period. More cases ‘develop after a holiday
or on the first day of the week, after an

absence of one or two days from exposure,’

The condition ‘is ‘found more frequently
affecting new employces or old employees

-returning to-work after a prolonged absence

from exposure,
As a rule, gastrointestinal dxsturbances are

seldom complained: of except in cases where -

exposure  has been to  fumes of substances
aﬁectmg the digestive system. For instance,

" itis.well known that zinc coated metals con-

tain  other toxic metals as impurities. The

weldmg and cutting of these release-the’
toxic substances together. ‘with the- fimes™

from the zine, as well as fumes from certain
fluxes which are used,

We have no conclusive evidence regarding
chronic effects produced by repeated expo-
sire to zinc- fumes, A study of workers in
brass foundries! showed that the group ex-

periencing attacks of metal fume fever were’
* - in somewhat poorer physical conditiori than

* blood will aid in' diagnosis; _
with grxppe or brorichitis seldom show the .

were those who did .not; devefop fever and

chills,. - Theéoretically, those experiencing ir- -
“regular exposures and 'complammg of re-.

Deated attacks ‘of feve'r and "chills’-which
leavé them-i in a generally weakened condi-

tion would, in a meastire, develop lessened

resistance to acute and éhronic infection:

Detailed - mformatxon‘regardmg the pa-.

thology of metal fumé fever is not available,
A search of the literature at hand fails to

show any record of death from metal fume -
fever, uncomplicated, . The fllness is of such

a transitory nature that imost of our knowl-
edge regarding blood changes is the result

of experimental work and ‘isolated case re- -

ports.

In view of the fact that zine is’ relatively
nontoxic, and of the conclusions expressed
by Drinker and Fairhali regarding the hy-
gienic position of zine, it is difficult to show

. why chronic iliness shotld result from ex-

posures producing simple metal fume fever,

It would seem, however, that in considerp. .

tion of the recent work showing the role

playéd by zinc in the treatment of diabetes.
with insulin, possibly [some :investigation

should be made to deterthine-if-exposure to

metal fumes capablé of producing metal

fume: fever  may not affect the endocrine

- system, especially in' persons with . some .
- metabolic d:smrbances,g such as- potential
_-diabetes or ‘thyroid dysfunctxon. :

Dntferentml Dxaznosxs '

Metal fume fever.may sometimes be over-
looked, unless the physician corisiders occu-

pational . environment, iThe condition may - -

simulate attacks of grippe or. bronchitis ; or,
if in a malarial region it]may be mistaken for

a fresh attack or a. relapse from a former.

attack of malaria, - Ca f\i! study of - the

xncrease in white cells usually found present
in persons suffering from metal fume fever,
while those with malana usually show the
orgamsms present in their blood.- The dura-
tion of symptoms-is usually less in the case
of metal fume fever. ! :

However, it is not uncommon to find per- :

sistent rales upon. examination of the chest
several ‘'days after an attack: However, in
persons with grippe ar. bronchitis, these
rales are usually. assomated with a slight
elevation in temperature, whi
persisting in metal fume fever, uncompli-

cated, Masswe exposure producing metal '

'i

those- suffering

is not found .
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fume fever may: be- followed by attacks of. .
.. halmg fumes generated’
monary irritation. and .infective. ‘organisms

bronchial ‘Pneumonia, as ‘a’-result. of. pul-
commonly \praent in‘the respiratory tract.

Metal particles are not the. only injurious . i ¥
substance present in ‘fumes ‘geherated. by. .-
some industrial ptocesses,.- The wse.of:an
acetylene torch.inad space. with poor.ventila-

Twenty-szxth Natzonal Safety C ongress

toxxc. the possxbihty,oi potxhsonmg from in-

‘.._from tome substanees _such as

tion has’ resulted in-incomplete. combustion . ¢ " F

of the gas. and the hberatxon of mrbon
monoxxde gas. -
Doig and - Md.augblm reported upon an

- iliness affecting. welders of galvanized metal,

using an electric are. . The men complained

of lung irritation so.severe that their spu--

tum was -often blood-tinged. Investigation
showed this to be caused by excesswe con-
centrations of nitrous fumes genera by
the processes. X-ray €xamination. of the

chests of several in this group, who had been -

employed for many years, showed changes
thought due either to the prolonged irrita-
tion caused by nitrous fumes, or possibly to

" the fumes of silica inhaled. The electrodes .

used were silica-coated.,
Chromc Poiloning by Metal Fumeo
It is. generally reoogmzed that the. most

“serious exposures to toxic metals in industry -
occur in occupations  where the worker -

breathes air contaminated with these | ponson-
ous substances. Itis true systemic ‘poisoning
by metals may develop in an acute or. sub-

acute form, as a result of massive exposure. .

However, the vast majority of such cases
are chronic, caused by frequent and. pro-

longed exposirre- which leads to an accumu-.

lation of the toxic metal in the body. Poisons
entering the body by way of the lungs, to
be eliminated must be taken up by the blood
and lymph.  When present in the blood, they
are carried to all parts of the body.

Poisons taken in by way of the mouth may
. not be absorbed but be passed out with the -

feces. If absorbed, it may be trapped in the
liver and returned.to.the intestinal tract in

the bile, and eliminated with the feces. Some,,

‘it is true, may be transferred by the blood

to distant .organs,. Most heavy. metals.and -
their salts are true ptoeoplastmc poisons..

Some, such as iron and zmc, are more com-

mon constituents.of body tissue. The action -
of these toxic metals is generally cumiilative
. 'mdustnal _exposures to: but slight’ concentra-
.-tions . 'will - eventually - prodtice - the - typical

and no ‘immunity, temporary or permanent,
may be ° established if exposure is to
sufficient concentrations: -

Because of the fact that metals are usua]ly

: iever, beause ,of the' ztemporary munumty
_iwhick' they, develop,” workers may:continue

‘ dustry ina -

under condmous whlch eaused ‘the attack -

_and . niot- suffer: a: ‘reeurrence. It .must-.be
- borne in mind; that thése very . condlt:ons may
afford expostire to:other toxic metals which:
have cumu!ahve ‘effécts-and- -later lead:to a

new worker,: the chances-of chronic poison-

ing by the toxic: men!s present as unpurmes 5

are deﬁmtely reduced.

“On the- other liand, however, these im- |

purities may be. present in amounts sufficient
to lead to chronic illnésses later, -although

- the ‘concentration: of: fiimes: has never pro-

duced meul £ume fcver. -

(3]

-chronic poisoning. I atmosphenc concentra- *
. tions:.of  the: fumés- are ‘kept’ below: those
. capable of producing. metal fume fever in the

Clinicc! Picture of Chrohic Pouoninz -

by’ Metal Fumez

! The " symptoms produced by' ‘poisoning .

. from_ meul fumes will } vary Some:* metals

affect clneﬂy the nervous: system, others the.
lining of-the’ blood capdlanes, while others
exert ‘most: charactenshc mjury upon the; ,
blood-formmg organs .

Génerally. speaking, the clmxcal plcture of

' metal fume fever, regardless; of the ‘metal

responsxble, .varies . only in- seventy, while .
that . of . ‘mietal ‘poisoning per se.varies with
the particular metal fume inhaled and with
the .degree -of exposure.. . "For” example,
fnassive. doses of Jead fumes.inhaled ‘may
produce such acute conditions as lead enceph-

alitis : and . severe-- gastromtestmal ‘compli~ .

cations; wlnle contmoed exposure to sinaller

concentratsbns “will - ‘cause 'such. chromc,

changes’ as aneuua, lead palsy, and chromc
nephritis, °

- Exposure to havy concentrahons of mer- ) '

cury Vapor leads.to acute: nephritis, saliva-
tion,’ and d:arrhea, -while the more common

mercury, tremor and’ psychxc changes -char-

actenstxc of chroxuc mercunahsm Stnctly :
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Prevenhonii of éMetal_ Fume Ponoomnz .
- Whilé- 1 PO .
 health hazards “associited ‘with- éxposure to'
- Tumes- of ; toxi¢, metals :rests, primarily. upon

the employer, eﬁechve elimination of such
“hazards-can:only-be- securéd by . the: whole-.

hearted oooperation of employers. employees,

‘the - State,‘ -and “other

:e‘gulatory- insfiéction

agenciés. ; Three..: fufidamentals. -contribute :

most to acmal'prevent:on. ‘They are: . Good

housekeeping,” supported by,engmeermg -con~
trol . of hazardous processes, and mtelhgent

medml supemsxon. 4T
Good Honlekeepmz . f

We thmk of good housekeepmg as ‘ap- .
plying to’;clean’ floors. and " work -bénches; -

matenals, tools. and. processes arranged and
mamtamed in good order, adequate hghtmg.;
ind no overcrowdmg,of ‘work placés by men’
and materials. Al thesewrll -do‘much to les-
sen the concentration of: toxxc fumes:- in-the
atmosphere, 'but: seldom - is the control’ of .
. processes . so: effective’ that some fumes do

" not escape into the: general air of the work-

room. . From:here.they. thay -bé inhaled, or

. -may contaminate :the’ bodiés- and . clothes of
the workers.* So general ‘workroom’ ventx!a-r.,

tion is a, factor‘m good .housekeepmg.. So

The prov:swn o£~adequate washmg faczlt-, .

less ‘of ‘the dnagnosxs ‘reported,should. call
for special investigation to: determirne if there
are any. envxronmenta! cohdrtxons aggravat- .
‘.-mg the. prunary lllrress. . :

ties is .a ‘preréquisite.” Under certain’ condi-"

tions Jockers:and -showets. for-workers ‘are ..
necessiry for. the safe operatxon of many .

processes. L Lt :
Asarule sweepmg and clea.mng should be

* dorie after regular’ working hotfs;: *Not only:, ‘
can'a moére. thorough Job,.be‘aocomphshed, '
other;,workers. .
:anysincrease in-at-

‘occasionied biy.clean-. -

ing methods:“If; vacuum‘or 'wet methods:are

but what!is:more-inipor
will pot be"subjected:
mospheneeontanﬁnants

used,’ accumulated: dust xs : aore eﬁectxvely
and. safely remove&

L
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jole- evndence necessary B
'are more “effectiv ecial < .
given'to’ general workgoo i ventilatxon. D:s--'
trapped- by encldsed “pioc: "
esses and lo(zl exban'st or ‘so'laﬁon methods".

' nsxbihty of controllxng . posalof fiiiites:tra

ords of rllness'.shozqd be kep

Enzmeermg Czntrol

iwastes® do not oonlamlqage‘[the aif diavin
'mto the viork places by general Ventrlatzon. .

Medroal Control
Adequate medical super{n

super-men; since if s. ract;eol to make work

places safe-for thie average man, Individuals -

with serious- lodney, ‘respiratory, ‘or -othér

K system:e diseases should not:be placed\where :
. they inay: ‘beexposed:even’ to-mmimutn oon-
.‘centrauons of toxi 3 fumes : . :

‘§€! ed; but"
an opporbumty is; affordedrto oorrect “control :
the .workers
: showmg early: sxgns of absorphon may'safely

measures” so" eﬁecnvely tbat

continue at their: regular jobs. Routxne Tec-

Kn)'v ‘abii ormal’—f' te ofeabseoteersm dtie to
illness a among an’ occupational group, regard-

Persoual Protectrve Eqmpment

If proper attentton 18.. fm\ren.;to the: three

fundamentals ;mentioned:=good, Housekeep-:

ing, medwelh d; engmeermg ,control-—onty

tectwe equlpxpent. i

RLES

The masks or respnrators prowded work--:

‘.10'3::.' -

It has been 'found prac cal, to- exhhust,; e
. 'locally, rnost b etal - |

sion’ enuuls spe-
;c:al care in’ the? placemenq ‘of rworkérs;and"
I should not be aimed at the selection of only-

unusual emergency exposure,
the” provxsan oi personal . pro-

-
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ers who must- necessanly be: exposed 16
metal fumes should: +be of special construc-
;tion and adapted tp the processes. and ma-

terials .used,. The United State Bureau. of -
Mines* has, after testmg', approved -gertain
types of masks for workers exposed to spe«
cific metal fumes, :

No filter type of resplrator apable of pro< .
tection -against toxic metal fumes has been

- submitted for approval:While two or three

filter. type_ ~respirators. have“been. approved .
for protection against lead dust; the use of
-which may in a small way reduce the hazard
of fumes, they cannot be relied upon for full
protection. Filter. type tespxrators approved
for protection .against nuisance! and pneu-

moconiosis-producing: dusts’ will not protect -

the user from toxic.fumes.

Several of the hose-line or- posttnre pres-

sure type masks have been approved, but
there are certain limitations to their apphm-
tion which make them xmprachcal for use in
seme kmds of work.;

Subahtutlon

In a-vast ma;onty» of cases, resort. to
substitution is an’'impractical method of
eliminating health :hazards -due to. metal
fumes, The raw materials used usually have

: spec:al apphutxon. : Furthermore, substitu-

tion is often "a .dangerous. _practice, . even

though it is practical. Instances may. be__

cited where the substituted product has
proven equally as dingerous-as the -one it
replaced, the only difference being that less
was known at the time concerning its toxic
properties. -

.Tévehty—sixth National Safety C. oi:gre.s‘s :
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Electroplatmg Fumes and Vapors and Theu' Ehmmatxon
By P. B. RASTELLO, M.D. '

The mdustnal physician is respons1ble for
the health-of allemployees-in ‘his plant, in
so far-as their health may be affected by
their occupations and their. environment.
Consequently he must be familiar with the
yarious jobs and conditions under which the
men-work to know definitely the associated
health hazards. He must work closely with .
the safety, maintenance, chemical and pur-’
chasing dep'arhneg'ts to keep himself in-

: Ternstedt Manuiactunng Dwxmon, General Motors Corporatxon, Detroxt, Miclugan

Protechon Ape -

formed on changes in methods and matenals )

that may influence those hazards. -
Thus fortified, ithe physician. oocupxes a
strategic position in. the hospml. as-the em-

ployee invariably comes: to-him: first with' - -

work or which are-of .a nature. that would
warrant an investigation which. may lead to
the discovery of an unhealthy condition.

_ One of the processes which may- be 'sus-
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pected of mvolvmg a hulth ‘hazard is the

"\ electro disposition - of :metal. . In- -preparing -
L) mewl for:platmg as well. as' durmg the plat-

ing_opeiation; andin ‘the treatiment ‘of : sal-

vage miterial’

,alkalls; inétals'and’ alts, and inany toxic and.
‘ivapors:are- liberated.",
Wlule it 1s ‘true our: prime. mterest concerns -
the m)uraous : fumes! and .Vapors;: we must.

offetisive: fumes: and -

-also. mterest onrselves in;the non-injurious

" offensive. types,: since: they may: affect the-

- worker’s; mental: attltude, ‘giving-rise to’ d:s-

. satisfaction: which in tnrn may resnlt in m-‘.

efficient; work. . .

Poison is commonly mtroduced’mto the
body- by, ‘three’ rotites, ingestion: through the
mouth, absorption through the skin or inha-:
lation- through the lungs. - In. electroplating.

- our: greatest hazard-lies_in the respiratory -

route; the mgestnon and’ absorpt:on routes
are. of lesser nnporwnce.

Fumes and - -vapors, such as heavy acxds

_and produce ‘local ‘réactions” iri- the nose,
throat and lungs. while others such'as hydro-
cyanic acid’ pass’through the lungs withoat
proditcing any local symptoms and enter the
blood stream.. - -

Skin absorption is important i in connection

' with the coal. tar derivatives, bénzene, tolu-

ene and Xylene and the petroleum derivatives
. as carbon tetrachlorxde and trrchlorethylene.

) Since ‘these :are -all’ “volatile, poisoning may
occur by mhalatxon as well as by absorptron._

Ingestxon Is Rare

Ingestlon of poxson by mouth occurs rarely-f
and is) usually the result of a definite acci- -
. dent, - ;However, in the lmd electroplating -
industry, ngxd preautrons must be taken to
prevent the. ingestion of lead salts that'may. -
have been - deposited’ on the clothing: and -
body of men while’ worlnng around the plat- ‘

'.mgmnks

" In general ‘ini: all electrolyt:c processes ir-.
: respectwé of the: constituents’ of thie ‘bath -

o ytwo‘fases are’ hberated, oxygen:at the
anode: an

further: fact that the g

ses’ are-liberated'in
the relation. of two hydr

gen ‘to-one oxygen,

eﬁas ‘from-the’anode ‘is" neghglble com- )

with- that at: the cathode,

' The amount of oxygen and hydrogen hb-'

erated, as such; is of no-consequence as a

;afters ,latmg, a “piimber of
chemicals;aré -used, suchas- solvents. acids;

--at.the

hydro gen :at ‘the ‘cathode,” Since,
the :anode: ‘efficiency:is; always-high: and .the -
", cathode: eﬂiclency relatively ' lower, ;and the-.

Indusmal Fumes, Gases and Vapars . ' 105 '

. hazard, but out of thenr propertxes as gases

arises .one of our greatest problems-in-the

. control: of - electroplatmg fumes;and. vapors.

As the gas. is hberated, itiforms. tiny bibbles :

in:the solutiofi-which: rise above: sthe surface . .7
- and-break,. throwmg a fine:spray:of mist of - :

bath' solution ' jnto the, air: above:the. tanks

which may be inhaled by the workers:Con- A

sequently -to understand ;and évaluate our

. hazards we must: know’ the bath constxtuents

in: all. electrolytxc processes.

‘The matenals coming t the platmg room
usually have:a film of oil or'grease on thém
which ‘thust :be  rémoved::and- the-.surface
treated before they-are placed in:the plating,

- solutions; . Thxs ‘is-accomplistied by-dipping

the* parts ina degrmmg solution ‘such as
xylene ‘or':placing -théni-in a-vapor bath as”
trrchlorethylene. :Usually ' this: operation - is
carried’ out-in ‘open : 44nks; and as' bath sol-

. vents are _highly. volatrle, somerof ;their

fumes -escape and contammate the - room

’ axrﬁ
may ‘enter the: resprratoxy tractas finé spray- °

Xylene though ] less toxr\: than benzene and
toluene has some narcotic'action on the cen-’
tral nervous system.- Tnchlorethylene is the-
most- commonly: used reaser; and is ca-
pable of prodncmg en | parcosis, W Workers

have. been :reported. .. Tnchlorethylene .also -
has an important:characteristic:that.sust be

borne in mind-—workers. have been known to

becoine addicted to its; s,

Because -of the h:ghly- volatrle nature of
these - solvents itis imipractical  to. -attempt
exhaustmg the tanks,. We -fouind ;we:codald

eliminate the xylene with ifs’ hazards by in- .

stalling closed: tank sysfems of tnchlorethy-
lene washing " ‘and’ vaporizing, . passing: the
parts through the spray: and ‘vapor chambers

on.. ¢onveyors. ;- This. also;: eliminated.-‘our-. .

tuchlorethylene hazard’ and. the penetrating,

sweet -smelling;. smkenmg odor in the plating . *

rooms which had been a source of complamt
and ¢oncern-to-the workmen.

Carbon - tetrachioride”: is “used in- some
operations, but.its use should be. chscouraged
because of- its ‘extreme. toxxctty. C

Followmg the degreesmg process the parts
-are washed.in a strong ‘hot- caustic ‘solution
to. remove orgamc ‘particles” of dirt. ~This.
washmg is riiore effective if an électric-cur:
rent is passed through the solution; which by
the ‘bombardmerit of -hydrogen: gas-on ‘the.

. patt at’ the athode‘ ‘prodiices-a scrubbmg

effect. Smce the aini: of the electrolysls m

‘complain of .giddiness and oc-
casionally lose. conscronsness, biit. few-deaths. =
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amount of .gas.as: hydrog

liberated and considerable.bath solution is-. O
atomized info’ the:air. The"solution; being..:

Twenty-szxth Nat:onal Safety Conyrm

this. process is-to produce gas; and: none of- s negl:giblennddoes not reprecen 'a:hamr'd
the ‘current is used:to.deposit metal, a large: - -compared:.with :the: j30di
en-and. oxygen:is : - t: s

composed of strong alkalis is very ifritating: - Juxm

to-the nspxratory tmct, and the tanks should-.w;'

be exhaissted,

In some cases other operahons are re--"g
quired: before' plating, such'as pickling-dnd
bright dipping. The pickling bath: contains -

weak solutions of hydro-chloric or-sulphuric

_acid and some nascent hydrogen is generated.. :
. Since iron, steel, zinc, copper and lead may -
contain- arsenic as-an. impurity there is al-;-
ways danger of. hydrogen arsenide gas:being -
formed: from time to timie. . Thxs:sapower- _

ful hemolytic poison and early. symptoms of
poison appear soon after the gas is inhal
ANl pickling, tanks shonld be exhausted. .

In the bright dlppmg of brass a concen- -
trated solution. of sulphuric and nitric acid
is used, and large amounts of nitrous oxide ..

or nitrogen dioxide fumes are liberated when
the parts are. placed- inthe -solution. The

oxide of nitrogen his a strong_local action -

on the respiratory tract-and may produoe
serious Jung damage. It is unfortunate that
that gas is not very asphyxtatmg, the

wortker may continue to inhale it without ex- .

periencing anythmg more serious than a
choking sensation until some hours later.

Poisonous .Salts Used

In the actual platmg solutxons we deal
with poisorious salts of sodium, copper, zinc,
nickel, cadmium, gold etc. The cyanide com-
poun«fs are our greatest concern because of
their high' toxicity, Plating room workers
should be instructed as to the
volved in the handling of the various com-

pounds and solutions, and the possibilities-

of the formation of hydrocyanic acid gas

- in accidentally mixing acid and cyanide so-

lutions or promistuously slopping these so-

lutions on the ﬁoors or spilling them into-

stagnant drain pipes,

“In the electrolytic process the hydrogen
gas bubbling out of the solution will atomize
these compounds. in -the air, and the tanks
must be adequately exhausted. It is probable
that- some cyanogen gas is mechanically
thrown out of the solution by the hydrogen

gas and undoubtedly minute amounts of.

hydrocyaiiic acld are formed, However, the
tendency of the cyanogen Is to return to the

olutnon. 50 that the hydrocyanic lcld formed '

«

dangers in-.

ave?;'r il solition; of sulphuric
acid;:Since’the’ eﬂiaency of‘the chrome ‘bath:
at: the ‘cathodeés, only}%.bout 151 per..eent, 85:-.

per cent of ‘the. cnrrent
txon‘of hydroges: gas,sw:th' %

tion., . Chromic;:acid.is relatively;non-toxic.

Its; effects.on the: ‘body- dre. readlln irecog-", -
ed; - nized, ‘and :probably. Hor:; that ‘réason’it has: . - -
. held. too important a’ part ini:theliterature.
- on toxicology. It inay- ‘produce: ‘ulcers'on the. -
- skin where concentrated.
 tacted,. but: ontside. of “their. slow. healing
propertxe§ these: are of nttle oonsequence. ot
- If .not exhausted propery it -produces in
septnm which . .
frequently | go.on to- produpe permanent per- . .-
* forations which .are. annoying but -do .not
predispose to any disﬁgurahon or -health. ...

solutions:-have con-

workers: erosions of: the

problem, -Like nickel in. suscept:ble mdmd-

uals, it produces’ dermatosis which invari- -
‘ably cléars, up ‘on-removal . of ‘the person

from work i in’the sensxt;zmg matenals
In the ] process of stnppmg salvage parts

metals. The tanks in all these operauon&
must be exhausted !

The elimination of £umes and vapors in
 the plating rooms is for the most part the -

concern of the mairitenance’ engmeer.

- However, the chemiét may eliminate them '

by changes in methods or solutions, designed
to stop ‘their production, and the safety. en.
gineer may eliminate them from contact with
the workmen by the introduction of hoods,

masks, gloves, etc. -Probably .in the future -

factories will be air conditioned, and our
problems of air pollutlon will:-be minimized,

When we analyse the probiem of ventilat.
ing the plating rooms, we sre. confronted
with many dificulties, Exhaust systems of

+Indlvidual, tanks designed by rule of thumb -
to operate with ong hundred per tent effie _

*

Mm mﬂide:

used'in'the genera: -
Cresultant‘active -
‘spraying of the solutxon:Exhaustion ‘of ithese’ -
. tanks must’be:efficient to prevent air:pollu-

- for re-working, concentrated alkalis are-used,
to remove chrome, and - concenirated. sul- .
phunc acid ‘to-remove:, mckel, .copper. and .
-zinc; or an’electrolytic bath of -sodium ni-
'trate can be used to: remave all the deposnted,
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constructed«system. stich’-as: open-

: " from; the ‘tanks:; theyq:ass to the:various

* exhaust+hoods i :the: room.:
* temperature,. humldxty, barometric pressiire,
and outside air" ve!oee‘%iés, ;likemse inﬂuenee’

R

the exhaust gystem efficiency... .
Removo Funies 'r'at Souree

the system to, remove the fumes and -vapors

at their point.of, orlgm. In electroplating
.,of ‘solutions, - the suspected sol:d. Tiquid .or .
has recommended. that this: point-be:from -
s:x to eight. mches ;abve the. soldtmn level,
8 835'
bubbles hay be cgllected. 1 3 fnr&xer Tecom= -

, mends that the_point be not more than three * d:ﬁicult problem; - Knowing what, fumes.and

tanks ‘the Amenan Standards Assoclatxon

o . that the ‘spray-ifrom’.the .

feet in’ height“frdni th
operator. i ‘standing;
before they réach his; reathmg zone;: Over-

head hoods:and ‘€xHausts may ‘prévenit fames -
-from entering thie’s 100 air, ‘but they.are of -
little valise ‘to; thie ‘worker standing at:the
tank. .Tanks should be as narrow as-possible ’
and should be vented ‘on both.of: the.long-
sndes, to aid in efﬁcxeat exhaust of the solu- -
tion .area.

“Too frequenﬂy we satxsfy ourselves that

our plaung rooms are safe for employees to’
“work in, bécause wé have complied with all
- state rules and- regulations relating to'the
" removal of fumes and [vapors, -and -because
state inspectors.pass: favorably on our sys:.
. tems - after thelr . oesual survey.  We walk:

through the plnﬁng room using our noses to

. detect the*presence of fumes and place our

hands againit the exhatist hood to determine
the efficlency of the systems, Wiiile it Is true

our five senses are valuable in the detection
. of hazards, it.is folly to-rely on them to the
exclusion of the more scientific means at our

disposa!, Pitot tubes, lnemometen. manom-
cters, and swinging vane veloéity meters are

avallable to test air.velocities and' determine -
" the air volume the var!oun duﬁtl are Carry-

*

Industnal Fumes, Gases and Vapors

[ equal amay . fall
re,bewuse of air.

“Other .conditions:tend to: unbalance a wel!'-' qf o dettrm
windows; * .cWe'
. doors,’ skyligh all ‘of <which: produce air .

, “geveral ibackines, £
currents: that ma; divert fiipies and: “yapors. -

‘as.designed: o
Uuited*sut«el-‘ublic “Health :Service... Th:s o

ile: Toom .,method ,essenhally'

.faciliutesxabsor&ﬁongn ‘the ‘coll

> ‘diaw off the firmes ents” of -the ‘bath; our’ interest’ Jiesin; the

“harmful | ones that -may be present in'theair
and not in-the. smail. nmmusurable amotints

gag& and regulat penodnc checks should be -

with these. several ttmes a; year or as, '

tan ls;mjunous to.health,”
Yisipresent.i <A -quanfitative -
£-the Alr is the only way :

eiintrodiced: m. our platmg rooms
'8¢ llectmg air. samples,
Bureau of-Mines’and:the

consists’of ‘drawing: ai

thirough; a-solutit i oollectmg*bottle at

“a fixed rate,’ the mr-passmg through an:im-

pinger’ “tube s desxgned that.its. velgcity is

w "t’é‘.'g';"ﬁ“%:""“' eyt b At
: "8 g.the om.of the bottle or;, e
The eardma! le,. of course, is to design . " Mo

air'is' broken. up: mto “minute bubbles. which .
ecting solu- -
By using différent solutions or, a Series
gaseous polluuni sy e:tracted from the
tested air;- -and: a chemxst makes hts analysts
A oomplete. air,, analysns is:hot uecessary.
as. this: would: ‘entail ‘a: Very. Iengthy and

vapors are formed from the known constttu-

of harmless chemxml combmahons that may _ '
be formed. ; "

To obtam as’ represeutauve a test as possx-
ble," the collecting! bottle is placed at face
level. néar -the operator. and air is drawn

. through the solution dunng the entire period -
be is working. The total air volume that has " °
-passed .through - the " collecting solution is

roughly equivalent to the amount of air that
would pass through the lungs of an average .
man during the same period. :

Lonz-Tlme Studies Mado

At some keiy pointu in thc platmg room -
we are insta

tions-or more- !requently 1f indicated, By’
this procedure we are able to make more.de-
talled studies of our hasardi-at fixéd points

- over & long:period -of: tithe and: attempt to

find and ‘¢ontro] conditions in the room that

- produce fluctuations in our air po)lutlon.

"eabrea.thmg’ .

_ ling . air - analysis- equipment
.'which is to be run‘continuous zﬂ"’d deter-

_minations are.to be. made on'24-hour collecs -
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Along the same line of heélth i’esarch we
have formed a health” hazard committee,

. composed of representatives of the safety,
" . chemical, medical and maintenance depart-

ments, whose duties are to discover, discuss

and correct . ughealthy working conditions.

The "safety man observes, the chemist de-
termines, ‘the physician interprets, and the
maintenance engineer eliminates the hazard.

This method of approach has worked out.

well, the general discussion invariably con-
tributing to a better understanding of prob-
lems and a more rapid solution, This is

especially true in regard to our plating.
‘rooms, where we are dealing with: highly

technical processes, the intricacies of which
are thoroughly understood only by the
chemist. - :
There are no reputable industries whose
management, even in the absence of state

compensation laws, would ask their em---

ployees to engage in work that we as physi-
cians find injurious to health; and there are
no dusts, fumes, or vapor hazards in in-
dustry that cannot be-controlled by a com-
petent engineer, if he knows what results he
is to obtain.

The use of masks, hoods and respirators

in the plating rooms is an admission of de-
feat by the chemist and engineer. Workers
invariably chedt at intervals, if forced to
wear a cumbersome hot hood or respirator
throughout the day, and during these periods
they are subjected to the hazards the appa-
ratus was designed to control. We should

_ consider these only as emergency measures,

_ Tiventy‘-sixth National Safety Congress

Until such a timé as-the industrial hygien-
ist and toxicologist determines for us definite
safe limits of various poisons in the air in
which an unprotected mian "may work, we
must follow an uncharted coursé with cau-
tion, ever- being on the alert for signs.and
symptoms that may lead to the discovery of
new health hazards and the establishment of

_ safe standards, . The scientific study of proc-

esses in our plant by the chemical, ventilating
and safety engineers co-ordinating. 'with the
physician may assist materially in determin-
ing standards of safety in handling of toxic

substances; for the toxicologist sets his

standard on the basis of the symptoms or
pathology produced by a known quantity of
substance administered, )

Any standard we set up as safe will not

- necessarily mean that no man will exhibit

symptoms while working within it. As long
as any toxic material is in_the air, certain
susceptible or sensitized persons will mani-
fest symptoms, just as individuals in other
walks of life are sensitized to pollens in the
air, foodstuffs, drugs and local irritants to
the skin. R R
We cannot hope to correct this condition,
but we can-contral it by removing the suscep-
tible. person- to work -in other departments,
By analyzing our air, establishing reasonable

standards and keeping our polluting sub-

stances within these standards we can at
least be assured that our. .workers are not
being exposed to quantities of toxic sub-

stance that may produce.serious damage to

their health,
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