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:ml R/t.YB!:STOS DMSION .Ql Rf003ESTOS:-l,lANHA'rTA,H,~. 

B:d,daport, .Qmm. 

'.rba .following report is a. stuciy ot tha duat. conditions in the­

Bridgeport and Stratford,. Conn. plants of" the Raybea.tos-Kanh&ttan,. Inc. and 

,ro~ conducted in June,.e)This survey is supplemem.a:ey- to the S'1lr'ft1' made 
- I 

in Febru&17 and March, 1930. 
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!ha Brl:~ort plant engages in tha weaving of brake-bacd 

lining am clu-..ca. tee'..:i a:d tba treatment am processing ot the same. Tha· 

1'u1Jdings and procesHs an the sema as at tha time or tha first surva7,. but. 

the majori.ty- ot the le,~ :!lave been changed. trom- their pre'ri.ous locations. 

!bar rethrr-a- uaed in the collecting ~r dust Mmples e.Jld coUZ1ting 

are identical with those gi.Ten in reports- of other piants ~ this aompaz:lT and 

as ouWned in -:h.e Un!~ States Public Heal.th Servic.3 Bul.latin ?lo. l44,. 

TreasU1'7 Dapartmnt, 'l'e.sl!!=.gton, D.cr. 

MlQJU. .Im St&ct ~,.;; Pat liml. ,gt .tl1u. §ut:ZBl: - ,3rd ~ 

!£2.1!1 J54 
4 .spa.cs :"".etchs: 
2 Sn}J :r l/8 r-4~ stock· 
2, 7/1.6 X 133 .. 1" 

2. 5/l.6 - l032 -:11 e 
2 7/16) 1030 -1 eotton· 

) l033 ·-icotton 
wet f:tJH;ng 

liga.&Q 
12 space a & K 
2. X 1/4 
2. 1/ /+ X J./ 4 Re.ybesto& 
2.1/2 X J./4 
1032. mw.e yarn 
wet f1Ubg 

IQ.a~ 
20 space C & !: 
l 3/4 x 3/J.6 - 05 

820 - 30% cotton J""-'"'!l 
1022 zinc ,-am 

wet f'illi:ig_ 

~l:Il 
20 ceC&&: 
l 2 5 '32 - 05 

f cotton ~ ... n 
zinc varn i:-~-: fill 

~fil. 
12 space C & K 
2 9/1.6 x S/.32 ring stock 
1030 - l. cotton. 
1033: - l: cottcn...-

nt f1JJi:ag 

I:i2sls& 
l2. space fl.etcher 
2 :r 3/16 Raybestos 
l032. mule yarn 

wet filli.J:g 

fQa.!ll!J 
20 s-oe.ce C &K 
l l/2 x 3/16 - 05 
l 3/4 x .3/16 
820 - JO% cotton J"P.r?l 
1022 zinc :rem 

wet filliq 
dry bil:::.er 

d-~- bir.der 
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12 !~ c·& IC 
2 9/16 X 5/32 ring Stock 
1030 - l cotton yarn. 
1033 - l 11 

• 
wet f1J1::tng 
drybimer-

12 space C & IC 
·2_ 3/8 X 2J+S - 05 
820 - 30% cotton 7am 
1022 - sine ;ram 
wet fW.ing 
nt b1ndar 

lig,gm.lJZL 

16 space natchar 
2 x 3/16 Raybestos 
1032. mule :,am 
wet NJling 
dr;r b:fndar 

6 space C &lt 
3 x 5/16 
4 X 5/J.6 Free wheeling 
4 !/2. X 5/1.6 
1030-2 cotton yarn. 
1033 - 1 cotton yarn 
1032 - 1 cotton zinc yarn 
1030 - l. cotton yarn 
wat filling 
partial.l.7 wet bil'lder 

lQom #?Q 
20 space C & It 
l 1/2 x 5/32 - 05 
820 - 30% cotton 18l"D. 
1022 zinc yarn 
wet filling 
dry- binder 

~IJ&. 

12 vrce C & X 

i i;i X 1/4 - 05 

820 - .30% cotton yarn. 
l.02Zzinc-yarn. 
wat :P::lJl::lng 
dr,r binder 

M.Q2Ut.ili. 

I2 space C & 1t 
2 X "J/1.6 - 05 • 
820 - 30% cotto11. yam 
1022 - zinc. ,-am 
-~ .f'iJJ:lng 
dr;r' bizlder-

16 space netchar 
2. • r 3/16 Ra7bestos 
103Zmula ~ 
wet tilling 
cfrTbillder 

10 apace O & It 
3 r 3/8 
3 1/2 x 'J/8 Ra7bestos 
4 X 'J/8 

·1033 mule ;ram 
wat .f"1JJ1ng 
<h7'bil'lder 

f< -/Y\c9SCf B 
(_ Sf;) 

-------------------"e_·..;..)_1~~-"-----'1 
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I 
lit a.oo;c 

4 apace netch1Jr-
; x S/'J.£ Raybestos 
1033 mula yarn. 
wt f1JJ1:ag 
partial.lT wet. bimier-

3' space Fletcher 
. l2 x 3/8 industrial. automotive 
1032 - l cotton zinc yarn 
1033 - l cotton· f&.rl1 
l0:30 -1 It .. 

1030 - 2 tt .. 

wet till1ng 
nt 1>imer-

2 spa.ca Fletcher 
9 r l. DO wire 
9 3/4.x 1 
1030 - 2. cotton ;ram. 
dI7 weaving 

J.ir" y-,1.gciti,s -'J'aken Di.th .U,.Amgmeter: At. l;ha;gs;t; 
lntnkrt 

ar:1.amru:t Pl,pt; 

Pratt & lb.itne7 Grillder- - 925 teet per minute 

Automatic drillers -1028" feet per m1.nuttt 

2nd floor - inspection t&ble-
• mcbintS on north side - 270 feet per minute 

"' 11 south side - S8 feet per minute 

• 

Th.a following- tabJA shows the resu1ta 0£" enal.,-sis of air samples 

taken at reprasente.tiva positions, 

j 
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-------------------------------------------------------------· - .• 

lYll.~~W .Ql'{l!:.Ll~ ~R RAYBJ.:SN._~NrlAT'CAti, !HC. 

Br ld~•iport, Conn. 

,&Ji~IJ ANi~LYS~ 

f.u 11:l l•: No. St;,tl,,rt Pe,:tu Cth f\• tlilllgJ"s111s of ifllllgr:uas Qf k~ Int.sk.., in 1ypE: 
of Air Swaploi•i J,eud pr,ir cu. ft,.. l,t,act (>'!Ir c,,hic Mll.llirs11s on or 

Sampling 11 I r . ffBdlJ> lttd •et,-.r of ~lr b~Blff of ~o~~m~n Dust 
bNet.t'.1 lng l·J cubic 
■F-t~•·s olr in 10-

---------------· ~r. 1s.I -~..------
At lo~• /2~; Buick 6/27/35 0,00065 

/("&. ,, • • _.. .. • I ;t 

34 29.3 0,02_;3 0.23 Asb:tst:,s_'-,,.. 
stJff~d ,04 lining load 

20 Gt:n:::ral air nc:iar 6/';.J/)5 J6,8 0.000 0.000 0,00 Brake I i l era:, ll pr.-rns for llnln~ t 
chtch fucilld l-

A) I-
I 

. 
B<:ti.~•tn two large " 64,6 O,().')() ~lutch 2) Chi')()() 0,00 

~ knu~kla Pt~s~~s; facln~ 

I ! 
.. 

"l> 
• ,,,.:;n clutch faclng i ,. 

v-, f . 

' 
. 

26 Bot·,.'Jen t-wo drill. " 25.~ 0.000 0.000 o.oo Brake ' 
-0 

(J:l p1·-:~Ma q.rilllng rlv1tt llni~ 
hol,,s 

~ 

V\ 26 !: 'l:Ui? as 1/26 6/21/35 29.6 0.000 0.000 o.oo " 
~ 

27,6 0.00069 • /,'!. r 1· 29 At Pratt & ~hltney • 0.0244 Q.244 -\) ;_:rtn.:fot" Wl)V•ln broktt I \ t o-, llntn6 

~ 31 GP.n•ral nlr m~chln~ " )3.!j 0,0)0 0.1)()() O.j)()() Brakn 
6' ah·1p llnlng 

°' cl11t.ch 
Cacln.i 

24 G•::1ural air - aat.uratlon 6/20/35 97.6 0.000 0.000 o,m ., 
r:>•.>l!I ' I i 
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.lal. figp;: . 

. Between. loou #60 and 6l. 
It • lf70 am. 7!. 

.lftr&gct oC 3rd. noor counts. 

.2m. O:o0r 

Average o:r- 2nd floor counts 

la Q,P.Qr - n.m..rma. 

Avaz:aga 0£ counts 

-----··-- -·- ....• - -
• •• a 

llillions or Particles per cu .. .tt. 
,..,,.. 14.,. Q .. _,_A 

l.9.:Jt 

1,380,000 
1,000,000 
l,950,.000 

2,"9?0,000 

~ 

6,100,000 
s,.soo,ooo· 
;,?00,000 

;,. ?00,000 

3,l00,000 ,r 
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.All of the dust counts in this plant show less than. ten million 

particles. per cubic. toot of' air sampled. While these counts an not considered 

as dangerous concentrations, thaT ara mnch. higher than on the pravioua SU1"18T 

mad.a in 1930,- with the exception o~ those 1n: the warp room .. W. but; f'our ot 

the- looms have beau moved to d.Uferent locations ainca the .f'1rat SurffT• .l 

check 0£ ~~ records would. sholr a. comparison ot the· t:r.pe. o-£ 7a:rJ1 used and rate 

o! production. at the time or tba. no. surveys .. 

Sample ll51 te.kan at the· inspection· tabla on: tha seaond f'l.oor shows. 

the higbast count.. The concentration at this point could_ be decreased material 
. . 

lT b;r the- proper uhaust equipment. '?he presen~ system. is not designed pro!)er. 

to take care- o:r- thtt dust generated. 

Sample tl'J_/+. shows the. presence. o~ lead. Tliia &lllQUD:t is not consid­

ered dangerous, but it would be advisable ~ have tha workman· a,t these looms 
. 

eyam:I :aed periodicall.T tor ~ signs ot lead: poisoning. The cml.T sample in the 

Bra.ka Depa.rtmeut showing lead was sample /129 .. This is not considered a danpr­

ous amount, but does indicate that there is a potential. hazard present. 

-----~----
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str,attord, Jlle.nt 

The Stratford plant engages in the manufaeture or molded brake 

. lining, molded clutch facing and packing. 

The- molded type brake l:fnine is made in. two dif.t..,reut processes. 

One t1P9' is Gde by- mixing asbastos1- rubber,. litharge,. mica~ whiting-,. sulphur, 

zinc o:dda· and high. test gasoline in a mixer.. This- m:L..-tnr... is. formed into 

sheets by ordinary rubber mills wi~ heated rolls. The- sheets 8.1"9 cu-t; into 

strips £or brake· lining .. 

'the- second type is ma.de ot· a. mixture- of rubber, asbestos, lith­

;.;rga, sulphur, zinc oxide and resin .. - ThiS: dr,r mixtl1re is l!l&da ~to sheets by­

iteans o:t a.n l:J:draulic- press. - The sheets are ~ in steam-hes.tad l)r&Sses. 

Strips £or brake lining are cut ·rrom. these sheets. Both. tn,es of lining- are 

groulld. to width.. and thickness on: Gardner- grinders· or- Bl.ancllard grinders. The 
. . 

linini is formed intc, aros in heated presses &Di holes are drill.ad :Cor ri.vets 

on automatic drill presses.-. 

Valded type clutch £acing_ is made from asbestos board. Asbasto 

.and water are mixad in baa.tars to a pulp. This pulp is made into shaets on nt 

process machines. '?he sheats are dried in o"l8ns and. rollad to thicm.ess in 

calenders. The larp sheets era cut .into strips tro11t which the clutch racing 

rings are punched. The r~s are impregnated in large. tanks. DUrerent S?9Ci­

!ica.'tions call tor different saturants. The rings are grounc! to t!iickness on . ' 

Blanc::iard grind.!rs. The inside diS!llettJrs are ground in intarns.l grindars and 

the outside di~ters- ara ground on external grinders. Rivet holes are 

drill~d on eutocs.tic drillers. Tb.a finished clutch racing is then inspected 

r 
I 
F 
I 
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be.tore packing tor shipment. Shoat pe.cld.n$ is mada trom: a mixture of asbestos, 

rubber, litharga, whiting,. sulphur, zinc oxide and high. test gasoline. These 

msterials are m1Dd in closed m.ixars, The wet mix is' mada into large shaets 

in mills with haated rolls. It is either sold in large sheets or- it is cut 1:1 

gaskets or rings on punch presses. Tha vapor arising tram: the hec:ted rolls, d 

to the gasoline, is colle~tad. bT hoods am pipes and reel aimecl in two large con 

dansers. 

'fha f'ollowi:ig tables show th.a :r.sults 0£ analy-ses of air suplas take 

at. representative posi.tionsi. 

------------------------------------·-
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1 I CQNCC.USIONS !1.m RECOr-.tIE!·IDATIONS - Stn;tfo::J Ple,at 

O J Sample 116 taken at the fibre opener shows a high dust count. 'l'hi8 1a 

e 

0 

accounted for by- th• method ot handling ti.la fibre and. not the opena~ itaelt. 

Th-a- fibre is dUllped !"rom bags onto tha floor am than shoveled in.to the opener. 

The: fibre is carrud. to a. hopper above and then. !alls through a. pipe into & 

truck: whic!:i is loca.tad about six !est from. thet opener--.. The operator stands 

between the opener and the truck and shovel.a tha- tibre- into· tb8! opener at tha­

sama. time that it is. tall f ng into the track. The dust concentration. at thi.s-

point· could ba decreased b,- the proper h&Ddling or tha fibre • 
.. 

Sempl.1as 1/Z,. .3 am. 4 show that t:ler• 1a lead. ~resant in the- air at 

these points. ~ these sam;u.es do not cow a. dangaroue amount. it would be 

wall if the worla;Jn. engagsd.. at thesa placas wara enm1 :o~d periodicall;r t'or sips 

or lead poisoning. Notice was t2ken at the time o~ this survey- or the. mat.hod 

of" handling litharga.. This material. is handl-ad caralassly- as it can. be !owid 

lying on the noor in the room. where it 1a weighed_ am around the mixars .. 

Sample 1/13 shows a low count. Three men ure engaged in f"ill 1 ng the 

beaters. Practi~ al1 o~ the material. put into tha beaters was waste asbes­

tos- board. Ve~ little rmr asbestos r..s added •. No doubt the. count at. this 

position would be bi~r if" more raw asb'!stos fibre were used out of the- baga. 

rt is recommandad that the bags of asbestos fibre be stored in a room isola~ 

f'rom. the ~ameinder o! the plant. This would e~ta dust generated in the­

piling and unpillng or t.i.ese bags in the room s.nd exposing more. people to the 

dust than is necessary. 

the air sampled. Sample #30 is tbe only- one that appro&.cbos a dangsrous amount. 
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This sample also shows a higli.dust count. Tha. high dust count At tha two 

Blanchard. grilld.ers #3 and 4 is due to the method of handling the brake lining 

during the griming operation. '?his ~ is the P.G. JllOldad type-- am a 

number of' strips are placed together for grinding ot the edps. Attar- tha 

edges are ground on. one side, the operator- blows ott' tha cling1Dc-ctust w:Lth an. 

air ho~a and. reverses: the strips to gr-4'..::ti the:- opposita edps-.. Thu tJ:pa of' 

grin:iilJg should be doner on the- grinding machil1'9s dasigJled:· for-· this'." particular 

wor;£. It. n.a observed that. a great amount.. or- the dust present in the air is 

C&U£ed b;r tha ban1J1ng of ths ma.tariai after gr1n:Ung. Dust clinga tc,, tha 

iIJdirtdual. piecas~ and when tha stacks are-. moved about th8T are not put- down 

can.!uI.J.T. This results in. dust clouds a.rising. 

Samples. 1/2'$ and .26 show- high. counts-► Large size brake J :f n1 ng was 

used a.t the till:B thesa: samples were· taken.. It was observed. that. the uhaµst ho d 

on machine #105 did not catch all. of' tha duat from this type l1n:tng. When 

• smaJJer sizes of Hnfog are ground on this- machine the hood seems to ca.tch mort 

or- tha dust pneratad. The hood should be- changed to talra- care ot' all sues 

of J:fc1ng ground on. this machilla .. 

,, 

tr 

.; 
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H""z.ALTIJ HAZARDS 

Aebest,1 ~ gives rise to a p~umoconiosis or f'ibrosis of the lungs 

which has been discussed in w previous report made- on. the· asbestos industry'. 

Developments in our knowledge or asbastosill are con.tinuallT tek:1 ng place am a 

SUJlllll31'7 0£ aw new- tacts discovered will be- add9d to the general. COlllpOsite- repo 

of that asbestos pl.an.ts survey which. is to ba brought' o~ latw-.. 

X J1a belongs. to tha class of materials ~· which: silica occurs in. a. 

combined. form known. u silicates. Little or nothini is available in. th& 

liter:iture nth regard. to the et.taets -of' this dust on that J..ungs,. though it seems 

likalT that it beJ.o:ags with. tha more mildly injurlous duuts.. Our present know­

ledge of the eti'ects ot tha sW.CS.taa is meagre, but work is being can-iad on. 

in: various· quarters in. an attempt; to- determiDe: their C'lassiti:cation more accur­

atel:r rlth regard to heal th. hperi:Dautal. ilrnetiga.tion o~ mica. dust was mad• 
. . . (l)_ . 

recent!,.- by A. Policard or the 'University' 0£. Ly-ons,.. Franca-.. Bis conclusiona 

frOJa observations on. \7hita ra.1:s nra ·that these dusts a.re noxious to the lung 

tissue, resulting after a ti.ma in changes µi.. the calls aDi in phagoc,.tosis am 

producing a mildlT chronic fibrosis similar to that saen in silicosis.. !Ii.ca 

particles grouped in plaq,uas nrs found in the- al.vaolar tissues. lfith his· 

conclusions regarding the theor:, that sericite is tba chief tactor in the 

causation of silicosis,. authorities in this country' cannot agree, although. the 

matter- is constantl,.- recei vins' attention. 

of Lead) 
Toxicity£!~~ Rubber lli:d.ng (Litharge - red or yellow oxf.da 

Oompou:r.:ing- and mi.""d.ng are the most hazardous processes in 

rubb~:- majd.ng. If t:1ese p:"oc.:?s-sas are pro?erly isol:?.ted from ·tha re:lt, CO!?l?:'r:1-

(l}Polics.rd, A., The Action of Ides. Dust on Pulmone.r,- Tissue, Journal or Iaius­
trial B7giene, Baltimore., Vol. m, No. 3, Ma~, l.934, PP• 160-164. 

·---
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ti valy far 1r0rkars need. remain exposed. 

Lead. poisonil:ig is the commonest o_f tha industrial.. intoxications.. The 

toxicit7 ot lead depends upon a number 0£ factors such as: the f'orm. of lead 

.taken into the body - vapor, dust or solid;· the so1ubilitT 0£° the lead compouad 

in human. tissues; tha made· of' entry- 0£ lead into tha- bodT - inhalation, ilrgas­

tion or skill abso~tion;: tho extant. of exposure;. imividual:. 1UBceptibili tJ' 

which 1a heightened b;r- numerous. condi.tians. pa:ctiaularli by previous. a.~tack.a 0£ 

!":isoning • 

.Among tba moat reedil7 to.."d.c of the inorganic lead compouma are- tbt 

orldea,. the- carbonate·,, tha- sulphate- and the chromate. • 

Lead. is a. cumlativa poiSOlt and,- w:1.th; a few exceptions,. industrial. 

lead poisoning is usually a.. chronic- condition caused b,- tha 1nheJation or- in­

gestion 0£ small. amoW1t.1t ot soluble lead over long p-erioda 0£' time .. This: 

process 0£ poisom.ng mAT go- on slow~ tor a. long period wi.tbou-t manifes~ 

any of the chara.cteristie a.cuta symptoms.. Lead· inhaled, h0178ver,. is. tar more­

rapidl;r am sure:i:,- toxic- than lead. ingested, since it rea.chas the blood strem· 

more directly- and comparativel.T little is el:fadaated unabsorbed. 

There is little agreement in- the estim!:.tes mede b7 various authoriti s 

on tba 1lliDimw:l amoun~ ot' lead llhich can cause poisoning if taken into the ~. 
. ~ ;,, •• ...... 

For practics.I. guidance,. hor.ever., it can be assumed that from 1 to Z miJH~e.ms 

t2.ke11 in. daily over. a period of months or ;years may cause poisoning.. A number 

or !'actors also a!ltar- into. the estimB.tion or· the amount of air breathed by- a 

ms.n at active work during the working da7. Ten cubic meters of air in a ten 

h::>tt!" day is ~n esti"11r:.t9 lihich very' probsbly errs on the sate side tor the 

avernge worlcnan. · On t::ie basis or these calculations, the lead content of the 

air or workro~.ns where men a.re continuously 1t:ep0sed should be kept as low as 

. ., 
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O .l or & mil 1:f gram. per cubie meter ot air or else strict measures tor protection 

should. be installed to pravant poisoning-. 

'the symptoms of chronic:- laad poisoning are lDlm1' and ma;r manif'est 

t?lemsalvea through the gastro-intastinal tra.ct as. in the familiar "lead colic" 

or tha neuro-muscular syste:t or-- bath.. Among tha symptoms most commonly' noted 

are colia,.. metallic taste in.. tha mouth,. obstinate- constipation a.mi loss ot 

appetite,, muscular weakness,, particular.Ir of'.- the lwlda· :mc:t wrists-,, neuritis and 

,ioint pains, loss of mdght~ headacha,. dizzillass.,.. nausea or vomiting, gas'tl-ie . . 

distress or fatigue are among tha minor symptoms that may- or m&T not be preHnt. 

The principal.. diagnostic: signs tor the deteetion ot lead poisoning 

in its earlf stages or ot lead absorption-,.- which is· essantiallT pre-clinical. 

poisoning before the onset or- 81]1l!)toms,. are- ashen pall.or or the sldn, tremor~ 

lead line on tba gums, atippliJ:lg" or basophilic degeneration of the red blood 

calls, bemataporphyrin in the urimt and mild- secondar,r- anemia. Other atnor­

mali ties in. tha blood which. are characteristic of lead poisoning- are pol;rchro­

matophilia, changed rela.tiva proportions or lym;,hocytas and polymorphonuclear­

laukocytes, increased. mononuclear cells ~ increased reticuloc;rtes. 

Bapea.ted physical. e:ram:f ;oP.~ions should be made o~ workers exposed to 

le!ld e.t :tairl;r short intervals o~ from two to su months,. depending upon the 

sevaritT of axposura. It is i..a:;lortsnt to- prevent the occurr.,nce 0£ lead poison­

ing, sin.ca, even though it 1s not 0fta11- fatal. imdar modern conditions, it fre­

quently results in premature devalopmant of chronic degenerativ9 conditions in 

the cL-culat017 system .. 

The _phrsiochemist17 0£ lead :;,oiso~ s.nd the treatment to be pursued 
• . (2) 

bsn been the sub;ec;t pf jnb.,c::iya l'.!:Wzr•i,;1,.,.p.t•~ti:;>p s,n;i stw~x by Aµb and his ' 
(2)Aub, J .c., et al, Lead Poison1.."1g1 Williams acl Wilkins, Balt. 1926, PP• 265. 
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associates at tha Harvard School. of Public HeaJ:th 8l'ld. by- Kahoe(3) and his 

collaaguas or tha Oniversitj' of Cincinnati. 

ranctty .'2! YutoJJ.§ Solnnts .And Plastics I 
I. 

Banzol. is by far the most hazardous ot the solvents commonly used in. : 

industr,y. It haa been established that the. maximum. allow&bla concentra.tion tor I 
prolonged exposure is· 100 parla per million. Becausa 0£.' its. recognized amt veJ 

I 

saricus. danger to tha heal.th. 0£ operatives-,. its llS& as·· a solvent: in. spra,- coati?l.k 

operations has been largel7 supplanted by Ies:; toxic substances or by its lass 

ha.rm.tui homologues tol.uol.. am. J:1lol. These· substances are nat necessarilT less 

dangerous to li.t:e. if" breathed in,. but,. because· of' it lower volatility and a 

marked odor,. the7 era lass lil:elT to escape. um:.o~.cad into the atmosphere. More 

over~ thay do not damage the blood forming organs ca12Sing- chronic permanent 

injUI"T to heal.th to the same extent as does benzol.. Solvent naphtha derived 

fro111 banzol is a mixture of toluol. and x;rloi and in the. same cle.ss with these 

substances with rega:d to heal.th hazard,. while petroleUJ1t naphtha is cla.sse:i•nth. 

benzine,. gasoline,. the chlorinated. hydrocarbons and w:Ltb. tha alcohols, acatetes 

and ketones, and with. which sa.vere poisoning is rare. lib.ether or not these s 

stances have any' action 011 th.a blood is still. controversial.. tJsual.17 poisoning 

by them. ia 0£ the acuta anesthetic type.. The effects due to exposure to heav,--
1 
I 
I 

fumes are head.ache, nausea, dizziness, blurred vision,. mental con.fusion and loss: 

o:t consciousness. These- ·e:tfacts generally disappear :t'e.irl.y- quickl7 in !'rash 

air. Chronic effects from prolonged exposi:ira are less definite but ~1rn1Jar, 

IX 
I 
t 
I 

with muscular weakness, tremors, and various nervous disturbances. 

O:t the alcohols, all highly soluble,. me~l alcohol or-methanol is I i 
one o: tl:e cost to::ic to hur:an beings r.hen inhtled, inasmuch ~s it i~ not o::i-

) I di;-ed in the bgc:,y to t;e :i"me erl.ent ss atlwl alcohol, .-:-hich is otl;,-=,nrise P0::e toxic• 
( i)KehoetR.J. .• ·, Tham.::.e.n, F., Cholak.., ;r., On the Normal Absorption and Excreticn o.f : l __ r.a_~_.a_· _r_-_~_. _J_o_ur_n_eJ._of Industrial tiygiene, Sept. 1933. ; ! 

p. -IY\. ot s-~ 8 c s ~.) p· ;;. s~ it,· 
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Soma- degree of" tolerance can be developed to the &msthetic effect -

of' tbs alcohols.,. particularl1 ath7l aJ.cohol, probe.~ due to e.cce-leration ot 

the norw. rata.0£ oxidation. 

Whila metJllrl, but71 and aql aJ.cahol are increasingly toxic-judged 

'tJ7 their respective di.raetJ.T poisonous actions, this property is o££sat,. as 

te:r cs their induetrial a.epect is concer:aed, by- e: decrea.sinc. volatility- and 

solubility. 

As is. the case with. benzol, the· toxicity or methanol has been b1amed 

on ~ta impurities.,. but there is ample e'rl.dance 0£ a. sound na.tllre that math&nol 

itS&l.t :.s tha.chief toxic factor. The effects of the vapor,- accumulating as 

it r~e.d:~ doatr in the body, ere d.irectl.7 poisonous to the nenous system, and 

have i:i speciar affinity for the retina.. Large doses cau:=e prolonged coma,­

blilldness a.nd death.. The m1 n:irnal toxie dosaga is not well established.. Render-
(41 

son and Haggard quot& Loewy as puttin1 it at 200 parts per ·lld:l.lion £or ex-

pe~imental. s111mels it' inspired over a. long period. It has beeu recommended that 

the concentrati.on should be kept belo,r l. part per 10,000 parts or the air, or 
• (5) . . 

100 parts per million. llathyl alcohol, in addition to its toxicity, has 

a.n irritating ettect on the skin. 

BakeWa - fo:rmwehyc, ru.,;,s 

•Practical.l.7 :i:o~ is 1cncwn. regarding the possible ef.f'ect.s 0£ 

bakelite dust on the respirat017 aystem. The phenols in its composition mieht 

be potentllllT harmful 1£' e:xposw:,, to them in the form of concentrated vapors 

was sufficient. Cases of poisoning due to illh&le.tion of formaldehyde vapors, 

: e~cApt by- accic".en";, ho,.ever, ere r1.~e C.'lO to its eY.tren:ely irritnting effec~ on 
I • 

='" y:t,~ urntllr o;:.',l:"':: YiP.~: to· xr-t"~.YLtn=Jisftlv:es from the • 
(4)Renderson,. Ye.nd.ell, and Hagse....-d, H.W. (YtlQ University), Noxious Gases; j' 

L...W~...i.-=-i.~...w.w.i.1.lii,"~"---::C~-I~c~~?:~. Y:.•~C::.:•:..-~~.....111:.&...~t.:•:-.--....-----------~-~ 
l_!~~.tP.ational kbour Office, Occu-::,r..tion s.n5 Health Brochure No. 55, enevn, •J •• q. 

R-(1\,.. a !)-9 a ls 2) p;., ct 6' 

I 
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fumes be.fora inJU?7 occurs. Concentrations or form.elcehyde 1n excess of 20 

per million mar cause symptoms. 
(6) 

rn. one case stildied by' a. te.cto17 medical inspector in Holl&nd marked 
(7) 

nervous disorder with strong somnolence was attributed. to such fumes. 

Skin attections due to bakelite are of frequent occurrence and· ara. 

popuiarl,- known as "bakelite itch"'. Tha face and forearms ar& most commonl,­

a££ected in 'l'Orl"..era handling these- resins. Skin l&siom- a.r.eapeciall;r- prev­

alent um.er conditions favoring perspiration.. They ma,.- be avoided, therefor.,. 

b7 provisions ror good ventil.e.tion. and by frequent wa8hi.Dg of the. uposed skin 

1n alkaliJ:la_ solutions. trnusualq sensi.tive persons should be removed f.rom this 

type or work. 

Lips1s ~ 

rn. addition to tha danger of spontaneous combus.tion·, linseed oU. 

when heated. gives off irritating f'umee of acrolein. Net chronic ill-etf'acts 

·have been noted front this substanca though it is irritating- to the mucous mam­

branes 0£ the eyes, nose,. am throat.· The addition of resins to the mixture 

gives rise to vols.tile- ethereal oils which have caused headaches, nausea and 

even stupor.. Although Dr. Barnes (S) in a stud,- or linseed derma.titis did not 

find the pure oil as irritating as linseed cake,- dermatitis or in.factions, 

aspeciall,.- of the bands am common in workmen. who coma in conte.ct rl th ai th.er 

of these substa.ncal!J. (9) Workars sho,ring hypersensitivit,. to the oil 1112.7 have 

to be removed from the work. 
(6)S~:,ers, R.R. Dnd Dallav~lle, J.M., Prevention 0£ Occupational. Diseases, 
Mechanical Engin89ri.Dg,- April, 1935, p •. 232. 
(7)Internetionol Lebour Office, Geneva, 1928, Occupation and Health, Brochure 
(;!11;, E~ .keli te. 
(S)E~,rnes, M.H., l.1.D., Lineeed Cernctitis, Journal of Imustrial liygiene, 
Vol. mI, No. 2, February, 19.31, PP• 49-55. 
(9)u.s. :P,,blic Health Service, Treas'lll7' Dept., iiash. D.c.,. Public Health 
Bullttin No. 215, Skin Diseases in J...merice.n Industr,-, 1934, PP• 41-45. 
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In addition to the toxic properties of the subetances handletl,. 

occupa.ti.onal skin disease dua to rubber compouI¥!s, to accelerators azxl an~­

oxl.dants is veey common in rubber workers- and in those exposed to tha aboft­

solventa am oils,,. especi~ those-· derived fron. coal tar products. There is 

attached our booklet antitlsd "Prevention or Oil. Pim.plea~· whicl:1.- describes some 

of" the protective measures with which these- skin troubles-~- be. decreued. 
. 

One of the most fre~uent causes 0£ derma.ti tis in the rubber-

imustry' is hexametlcy'lenetetra.m:i.?lo ~sed as &ZL accelerator and para!)heqlandia­

mina or similar coal tar- compo\miG .. A om per cent. solution of ~ is said 

to be sufficient to cause dermatitis a?Xi in hot weather skin. trouble is. almost 

ina.vitable 1£ tlls substance is·C&:L'elessly hamled. 

It is not,. perhaps, sufficientl1' well. understood that co~tinued 

exposure to, certain ot these skin irritants ~ develop a ansitivit;r in 

workers who did not at !'irst appear- to be susceptible-.. Onca dermatitis from 

llhuy", for-instance, has occurred,- the imil.vidual is sanntized to tile aubatan e 

am, much as with poison ivy, is unable to tolerate even slight exposure thara­

a.tter without. skin outbreaks. Be&t usuall;r qulckens the reaction. 

Protactj.ve ointment containing alkali has been recommeaied .. 

Dark,- oil;r-skinned persons are usually more resistant to tba 

irritating- ef'f'ects. 

Those having frequent outbreaks of ciermati tis or those found sen­

si ti veto these substances tb.rougn patch tests should be transferred to other 

occu;::tions. 

I 
-~---------------------------------- I 

g-fY\.,. ol-5'"'7 8 { S.J>)1'. ~~~ 66-· 
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Protective work clothing wi.th provi~io:ns !or chang:l.ng it and good 

faciliti1:s for T.ashing, together with the enforcement or rules regarding personal 
• . . (~ 

cleanliness,. helps to prevent both skin troubles am cases o~ poisoning .. 

Chroma, 

Chroma compoums am the health. hazards associe..tad with: thea are dia­

cussed in tha accompaeying booklst" "P'rotection ot Workars·Ei:posao.• t~ Chromiua 

and. Its Compoums" .. 

I (10).u.s. Public Hee.1th Sgrvice, Public Health Bulletin #215, Skin Hazards in 
· ;.:::--:-.'..t~n Ir.~lur-try, G.:>v£·rnr;.ent Printing Office, r:a.sh .. r.c., 1934, PP• 1-10. 
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Protection. of W orl{ers 
Exposed to Chromium 

an·d Its Comp·ounds 

INTRODUCTION 

TI 
increasingly diverse and numerom industrial appli .. 

tions of chromium.and its compounds have renewed 
terest in the troublesome-, although not seri~, 

effects of the action on the skin of e.~o.,ed workers. and in 
studies to determine any harmful results following intro, 
duction into the body. Efforts have been directed particularly 
toward methods of protection for workers so exposed. 

TOXICITY 
All compounds of chromiwn are not equally toxic. 

Chromic acid and the chrome salts, especially potassium and 
&Odium bichromate are far more toxic than the neutral salts 
and oxide. The bichromates were- found by _Pander' to be 
100 times more poisonous than the soluble chromium oxide 
compounds, while chrome· ironstone, native ferrous chro, 
mite (FE CR., OJ and pure chromium are non-poisonous. 
KundeP is of the opinion that the irritating effect of chromi• 
um oxide compounds is attributable to traces of oxidation 
into chromic acid. Lewin, 1 on the other hand, declares, in 
a cautionary notice for chrome workers generally, that all 
chromium compounds, and therefore all the dyes made from 
them, are poisonous. 

t 

·- ••• --------------
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METAOPOUT.AS Uf! t:-."91:llASC! CC'MP.A::-.'Y 

Chrome yellow, orange, green and red, it should be 
remembered, are- lead chr0Jnates1 and the chief danger lies in 
the- lead content, which: may cause chronic lead poisoning .. 
These compounds may be- known as lemon royal. Cologne 
and Paris yellow, or- lead yellow. 

USES 
The development and rapidly increasing popularity of 

chromium plating ha~e- increased greatly the use. of chromic 
acid in a variety· of industrial operations. The process con, 
aiats in the deposition of metallic chro:nium by passage- of 
low,voltage electric: current through a solution having chro, 
mic acid as its principal constituent and is -:videly applied 
in the manufacture of automobile fittings, plumbing fixtures 
and an assortment of small hard~a.re. Im.ptirtant among 
other diverse industrial applications using chromates are the 
manu&.cture of batteries; chrome tanning; manu&cture of 
safety matches,. particularly Danish, Swedish and ... strike-any .. 
where'• matches, which e."tpo:es the dippers rather than the 
mixers to chrome ulcers; pho:o-engraving and photography, 
especially in the ... carbon•pro:ess •• ; woo::i coloring and bard .. 
ening; textile printing; dyeing of leather gloves and mittens, 
fur, wool, and felt hats (usually in the steaming process}, 
cotton, where chrome salts are reqwred as ••oxidizers•• and 
.. discharging'' agents, and aniline dyeing; the bleaching of 
oils,. fats, and ·wa.'t; manutacture of colored glass, ·porcelain, 
and earthenware; steel making; manufacture of pigments, 
dyestuffs, and of vario-.15' !alts of chromic acid; manufacture 
of'"'pyroxydine ·• powder made from guncotton with bichra, 
mate of ammonium and potassium; ink making; z:incolithog, 
rapliy; cyanotype process of b!ueprints in which bichromate 

l 
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"-OT!CTION OP v.-011.1:w E.'U'OUD TO-CH~O~U\.'M A. .. I> m COMPOC.,'m)S 

. is the fixing agent; oxidation of alcohols. aldehydes. and other 
oxygenated compounds; manufacture of artificial Bowers. Ii, 
noleum,. wallpaper-, and'coloredcrarons;in the rubberindus-­
try on secondary operations, such as paint pigments, welding 
molds, and tire rims, plating processes and la.:~f'! cleaning 
baths; in the leather industry (workers sometimes follow the 
practice of ~g their bare feet to soak the leather in tubs,. 
in which case, chrome sores develop between the toes); and 
in analytical chemistry. 

MODES OF CONTACT· 
Chromic acid and its compo:inds are conveyed to the 

skin and mucous membranes: 
First', through handling the dry material itself, either as 

CI}"Sta1s or in the form of a fine powder-. 
• Second, thro:.igb contact with solutions of the material. 
~ through e.'tp()Surt to the atmosphere containing 

the material in the form of a vapor, spray. or mist. or as a. 
dust~ in varying amo-.1nts, depending upon the technique 
practi!ed. 

EFFECTS ON \YORKERS 
The action of chromic acid and its co:npo-.1nds a!'ects 

particularly the skin and muco".lS membranes. The- more 
common manifestations may be gro".lped under the follow, 
ing three headings: 

1. Dmnatitis. Tha ma}~ o:cur as a diffuse in&roma, 
tion or assume a vesicular or pap"Jlar fo:m. Its lo:ation is 
chiefly on the fingers, hands, face, and o:casionally on the 
chest and feet. Trumper des.:ribes a typical .:h~ome ec:ema 
which attacks the hlnch, arms, face and ne:k of the \\"0:-ker. 

3 
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~AN UP! INSURANCI! COMPA.'"Y' 

• He states that the cellular tissue of the face may be sV1.-ollen 
to such an extent as to cause temporary blindneu by occlu-­
sion of the orbit. The initial attack may occur during the: 
first day in the chrome shop or may not occur until after 
scvml years_ Carozzr also observed an eczema ~-ith e2dema 
and pain and reports- cases of septic gra.nuloma. among the: 
sequelz of this irritation of the skiQ. . 

Frouu I 
Chrome dmnatitil C4umi by chrome solution in 4 blueprint d.tt:doper. 
(Coums, of Dr. Ax,!LAO)a Roa SMITH, Diti.tion of Indu.sm.il Hygiene, 
N,ew Tor~ Srau Depamnmc of Labor.) 

:2.. •"Chrome holu"-si11gle o-r multiple ulcerations of the 
sl{in and. subcutamou.r tiuues. These ulcerations \·ary in 
size from that of a pinhead to approximately 10 millimett!!S 
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PROTl!CT10N OP \VORUU l!XPOS!D TO CHROMIUM A:SO m COMl'OUNDS 

in diameter. The ulcer develops slowly without~ prac, 
tically always at the site of a previous crack or injury in the 
skin. It may penetrate very deeply with loss of tissue and 
infiltration, and it heals with difficulty. According to 
Prosser White,.4 these ulcers always leave scars which are 
usually quite distinctive~ 

Secondary infections are said to result sometimes..from 
chrome lesions on the skin, but it is likely that the bordering 
tissues become infected, rather than the lo~ injury, owing 
to the bactericidal properties of the chromium compound 
retained in the. chrome holes. However, White' attributes 
the itching, smarting; and pain which workers complain ofs 
especially at night, to erosion of the tissues by the:'~trypsin" 
liberated during the undisturbed growth of pyogenic 
organisms. He also believes that the septic granuloma· 
results from a low and slow form of inflammation or 
irritation, due to the feeble but r~ted activity of infecting 
organisms. 

3. Irritation of the respiratory mucous membra.n~ with· 
TWal ulceration and perforation of tM na.sal .septum. The 
inflammation of the respiratory mucous membranes is limited 
usually ta the nasaf passages. The nasal septum is exposed. 
to dusts and fumes through inhalation. becomes ulcerated, 
and finally perforation occurs at a point where the- blood 
supply of the tissues is scanty. The erosion of the septum 
t:ak:ea place slowly and those affected are unaware of any 
injury. There may occur a slight feeling of soreness or irri, 
tation of the nose.and the patient may complain of nose 
bleeding, but seldom is there much blood lost. No defor, 
mity of the outward appearance of the nose takes p~ nor 
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Chrome ulcera--hands i:,f l.:.ither tanner. (Ow.ms, of United St.ius Public Htalth &nice.) 
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PROT!CTION OP WOllKEJlS E.'<P05ED TO CHltO),.tlt."M .'ISO ITS COl>.IPOt:SDS 

is the breathing interrupte~ The entire pr~s may be 
complete in as short a time as or..e week. The perfotation is 
permanent. Although the nose: is the usual site of attack-, 
other mucous membrar.es may be affected. U!cers of the 
tonsils, palate and larynx. have been reported. 

Contrary to wbat:migbt be e."<pected, the. eyes are: rarely 
seriously affected. Tattcoing of the C'Jr~ea. following in .. 
fiammation of the superficial layers of the. cornea (I.:.eratitis) 
may be. caused by the formation of the iruoluble oxide of 
chromium from chromic acid under the action of light, and 
may result in a diminution of vision. 

Systemic disease from chromium !"ate!}' occurs as a 
result of industrial exposure:. Vomiting was noticed by 
Trumper in 4 out of r6o persons suferir.g ill eifect.s from 
chromium plating. The \-omiting occurr~d suddenly with•· 
out any previous malaise and came on immediately after 
taking food. Joules,• in reportir.g a case of asthma. in a. 
chrome worker; calls attention to cases of asthma reported 
by two French observers, Drs. Delpech and Hillairet; as 
long ago as 1869, and also by Sir Thomas Legge in r899. 
Carom, 1 although noting that others speak of an action by 
chromates either on the respiratory or digestive tract or on 
the kidney tubuli, finds it somewhat difficult to attribute to 
chromates any of the bronchitis, asthma, albuminuria, or 
nephritis observed from time to time among these \Vorkmen. 

Dr. Alice Hamilton7 belie-.·es the lesions are lo.::al always 
and never develop into skin cancer and otfers in confirmation 
the British factory inspector•s report in which no case of 
chrome ulcer undergoing carcinomatous degeneration has 
ever been reported9 nor any case of constitutional trouble. 
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Mln.OPOUTAN UP'! l:S$l.'1lA.-.C! COMi'A!'\"\• 

PREVENTIVE MEASURES 
The harmful efects from chromium compounds can be 

wholly eliminated or reduced to a. minimum so that the 
riak becomes negligible. The responsibility is equally 
divided between the management and the worker. 

Plant Hygi-ene . 
r. SBouGATION-ln order that as few:· workers as· 

posai'ble will be exposed to chromium compounds, all opera, 
tiona involving their use should be 16cali:cd in departments 
completely separated from other departments of the plant. 
Workers from other departments should be prohibited from 
coming in contact with chrome operations unless they take 
the same precautions as chrome workers. 

~ V:BNTILATION-Relia.nce cannot be- plac..~ on natural 
ventilation. Efficient local exhaust ventilation, as near as pos, 
sible to the source of the hazard, is essential. Among the 
sevetal notable studies conducted in industria, plants on the 
quantitative exposure to chromium compounds and methods 
of·control is a recent study of the health hazards in.chro, 
mium. plating by the United States Public Health Service.• 
Drawing the air laterally across the top of the plating tanks 
into ducts from one to two inches wide and extending fully 
along one or more sides of the tanks is recommended as the 
most efficient method of t.;entilation. To be efective, the 
duct should not be required to draw the air laterally for a 
distance of more than 18 inches. This report further recom, 
mends that the level of the plating solution should be at 
least eight inches below the top of the tank and the duct 
should be at the· top of the tank. For e.ffective ventilation, it 
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PI.OffCTION OP WOILUM IJCPOSl!O TO CHaoMIUM AND m OOMPOUNDS 

is necessary to have an air velocity at the duct of about 
~ooo feet per minute. 

There bas been. observed another type of exhaust, a 
diagram. of which is shown in Fig. III. which proved dfective 
and has- the advantage of supplying- a. large exhaust area. 
The suction is sufficiently powerful to draw the-smoke from 
a cigarette or cigar at the baa.thing- level- of a man: standing 
by-the tank. 

Wherever the material is used in crystal or powdu form 
in operations, such as mixing, sifting, drying, grinding, 
emptying, and packing, hermetically sealed apparatut with 
efficient: exhaust ventilation should be employed, ii at all 
practicable. The material should be handled mechanically 
ra~ than by band. Chromate in solution may be del:v, 

P'icuu III 

'ia~"4."a~'ia"ia'ia'ia'l2.~~ 
~~~'l2.~~~~~~~~~ 

'ia'O.~V.~~~~~'IZl.~'121.~ 
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MEnOfOUTA.'= LJ1I 1.-;sc.."llA.'JCI CX>MMNY 

ered from the vats to tht tanks through pipe lines operated. 
by a. pump~ 

\V orke:rs should be prohibited. from continuing_ opera .. 
tions after the \·entilating system fails to operate properly 
or breaks down, and should r.ot resume work until efficient 
exhaust \.-entilation bas been restored. 

l• Pt.~"T Hot:SE~G-Strict cleanliness of work. 
ph.ces, floors, apparatus, and tools is an important feature in 
pr~·entiYew-ork. Articles should be transferred from vat to 
tank and from tank to racks with a minimum of dripping. It 
bas been recommended that the Boor in the vicinity of the 
processes. be C0\0ered with sawdust and that- this be re, 
n~ed dailr. Sailed work places should be cleaned fre., 
quently. The production of dust must. be controlled. 

Personal H)'giene 

r. PilOTECTI\'E CLOTHING-Protective- clothing is riot 
always practicable and, in many instances, may defeat the 
purpose for which it was intended. Rubber gloves, apron, 
and boots are sometimes recommended, but it so happens 
that, in rai:,-ing objects to a rack, the solution runs otf the 
glo,·es onto the arms and, when the- hands are -lowered, the 
solution finds its \'\"3.Y inside of the gloves. The solution 
likewi~e may drip from a rubber apron into the.boots. Thus, 
instead of such clothing protecting the skin, the gloves and 
coots become \"eritable campressl?S. The use of long India 
rubber glo\·es,. maintained in good condition, so arranged as 
to prevent solutions and dusts from reaching the inside of the­
glo\·e, is uni:!oubreJly of value \\"here contamination with 
solutions or po\vdered material is inevitable. Hip rubber 
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l'aOTICTIO.._ Of 11,·0ll!.!llS EXPC!W TO CH~OMICM A~"D 111 COMPOUNDS 

boots, fitted snugly to the thighs, are also valuable precaution~ 
ary measures. \Vashable working clothes or overalls, kept 
in good repair, should be worn, and provision for washing 
the hands frequently in rwmir.g water or a neutralizing 
solution should be made con\·eniene-.to the working placeL 
The- solutions usually recommended are: bisulphite· of soda, 
salt of bi!muth er of zinc or calcium. The. daily shower 
bath is essential. A complete change of clothing upon 
quitting work at night is recommended. Clothing which 
becomes saturated with chrome solutions should be carefully 
washed and dried. 

.2.. PB.OTECTIVE On.nCE..'-n--:-A variety of ointments for 
the purpose of protecting the skin agains: chromium com• 
pounds has been recommended to be applied before com~ 
mencing "-·ork. Petrolatum (\-aseline) and lanolin have been 
-recommended, either alone or- combined. Among others, one 
consists of mineral \-aseline (16 puts), soft-paraffin (z- parts) 
andcyllin (t part), and still another of soft paraffin(~ parts), 
lanolin (1 part), "'-itb the addition of 1-0 to 15 drops of 90 per 
cent. carbolic acid. A proced~ found practicable in the 
prevention • of irritating substances used in industry is as 
follows. Each \vorker, at the beginning of each shift, is re• 
quired to w;uh bis hands and arms with soap and warm 
water and rub castor oil, or lanolin arid castor oil (equal 
parts) into the pores of hands, arms and face. If the skin 
feels too greasy after this application, the e.'tcess may be 
wiped o1f with a clean cloth. The tissues of the nose may 
also be protected by petrolatum. paraffin, or some protective 
ointment. The insertion into the nose of plugs of cotton, 
moistened \\-:ith silicic. acid or ti~-cure of myrrh, have been 
recommended. 
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MITAOfa.lTAN Ufl INSUMNCI COMPANY 

3. Rl!sPmA.roa.s AND Gooous-These may be- used 
advantageously where the exposure· to chrome dust is of 
short duration. but their continued use is to be discouraged. 
and i& an admission of failure on the part of the plant to 
control the hazard. 

Medicat Supervision 
Periodic inedical examinatjon and inspection of the skin 

and mucous membranes of the nose and mou~ on resuming 
work after absence for any cause whatever, of employees 
engaged in chrome operations, have been found effective in 
reducing the prevalence of chrome sores and irt indicating 
the efficiency of protective a:.::asures. Such e.uminations 
are required monthly in Germany and Great Britain. Note 
should be made of any small abrasion or- cut and the denuded 
area should be covered· with waterproof plaster before 
resuming work. 

Treatment 
The tRatment of any chemical wound is best left to a 

ca:npetent medical attendant. The acute dermatitis readily 
responds to treatment Usually the avoidance of further 
exposure, together. with soothing treatment, such as com, 
presses soaked in calarnin.e lotion, is sufficient. According 
to Trumper-,• as soon as all irritation has ceased, usually in 
two days, the patient should resume work, visiting the 
medical attendant regularly for dressing, however. He 
states that, if patients remain away from work until the cure 
is complete. they render themselves very liable to a recur, 
rence on resuming work. In the treatment of chrome ulcers, 
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PllOT!CTION OF WORICl!U 1XP011!D TO_ CHP.OMIUM AND ITS COMl'Ot:SDS 

the first treatment is to neutralize the substance at once 
by a weak alkali or reducer, such as sulphite of~ and con, 
tinue the applications as after,treatment. A 5 per cent.. 
ammoniated mercury ointment also bas been recommended 
for the treatment of chromium sores. Ulcerations-of the nasal 
septum and advanced skin lesions should not be treated by 
inexperienced persons, but- should be cared for by a doctor. 

The Determination ot Chromates in the Working 
Environment 

The amounts of chromium. compounds present in the 
atmosphere of workrooms depend upon the e:ctent of their 
use-,. the nature of the process involving the.ir: use. and es, 

pecially the e1fectiveness of measures designed to control 
their escape into the air. Bloomfield10 four.d that chromium 
platers- in the plants investigated by him ,v-ere exposed to 
chromic acid mist in amounts. varying from I to as high as 56 _ 
milligrams per IO cubic meters of air. Physical exarnina, 
tions of these- workers showed that continuous daily ~ 
ure to concentrations of chromic acid greater than 1 milli, 
gram in IO cubic- meters was likely to· cause de6nite injury 
to the nasal tissue of the operator. Bloomneld quotes 
Legge as finding about o. 7 milligrams of bichromate dust per 
Io cubic meters of air. in the neighborhood of workmen 
employed in the crushing process in a bichromate factory, 
and these workers had ulceration and perforation of the 
nasal septum. 

A choice of methods available for determining the air 
content of these compounds is limited. The usual methods 
of determining gases by aspiration through some absorbing 
medium, although accurate, are not generally used, for the 

t3 
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reason that it is desirable to employ a more rapid rate of 
sampling to correspond with the normal breathing rate of 
the:worker, which. is approx-imately one cubic foot per min,, 
~ whereas the usual maximum capacity of gas absorption 
tu.bes or bottles is approximately one liter per minute or one 

. twenty-eighth of the desired rate. 
The method ~t adapted perhaps for collecting air 

samples is by means of the Greenburg,Smith impinger11 pro• 
vided with the all-glass impinger- tube. This same appa, 
ratus, in most instances, is used in America for making dust 
determinations. 'The impinger collects the sample by aspirat, 
ing. the air and impinging the. material onto a aa~ surface­
covered by a liquid in a container. The impinger is actuated. 
by- suction supplied by steam ejectors operated by com, 

. pressed air. The. rate of air- Bow, during sampling. is meas, 
ured by means of a small vacuum gauge inserted into the 
suction line. It is an advantage-, in entrapping chrcmic acid, 
to use an alkaline solution as the liquid in the impinger Basic. 
In-order to prevent action of the chromic acid on the rubber 
stopper in the flask. the stopper may be coated with a thin­
film of paraffin. The paraffin is best applied as a solution of 
paraffin in a solvent, such as gasoline- or carbo:1 tetrachloride. 

The chromium contained in the samples may be deter, 
mined quantitatively by the io~ometric metho:i of titration.12 

Industrial pJants usually h-1v~ their own chemist, who. 
with- a little additional training, can le1m the technique of 
collecting sample3 and conducting th-= amlyse3. A number 
of states no doubt offer this service without c03t thro:.igh 
·their departments of industrial hygiene. 
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Protection of W orl{ers 
Exposed to -Chromium 

and Its Comp(?unds 

INTRdDUCTION 

T
HE increasingly diverse and numerous industi.nl appli, 
cations of chromium and its compounds haver?newed 
interest in the troublesom~ although not :;erious, 

~ of the action on the: skin of exposed workers. and in 
studies to determine any harmful results following intro, 
duction into the body. Efforts have been directed particularly 
toward methods of protection for \\?Orkers so exposed. 

TOXICITY 
All compounds of chromium are not equally toxic. 

Chromic add and the chrome salts, especially potassium and 
sodium bichromate are far more toxic than the neutral salts 
and oxide. The bichromates were found by Pandert to be 
100 times more poisonous than the soluble-chromium oxide. 
compounds, while chrome ironstone. native ferrous chro, 
mite (FE CR, O.) and pure chromium are non-poisonous. 
Kundel1 is of the opinion that the irritating e1fect of chromi .. 
um oxide compounds is attributable to traces of oxidation 
into chromic add. Lewin, 1 on the other hand, declares, in 
a cautionary notice for chrome workers gen~rally, that all 
chromium compounds, and therefore all the dyes made from 
them, are poisonous. 

--- -------------------------
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Chrome yellow, orange. green and red, it should be 
remembered,. are lead chromates; and the chief danger lies in 
the lead content, which may. call!e chronic lead poisoning. 
These compounds may be known as lemon royal,. Cologne 
and Paris yellow, or lead yel!o"N .. 

USES 
The de,.·elopment and rapidly- increasing popularity of 

chromium plating have incrca..~ greatly the use of chromic 
acid in a variety of •industrial operations. The process con• 
sists in the deposition of metallic chromium by passage of 
Iow•\·oltage electric current through a solution having .:hro­
mic acid as its principal constituent and is widely applied 
in the manufacture of automobile- fittings, plumbing fixtures 
and an assortment of small hardware. Important among 
other diverse industrial applications using chromates are the 

• manufacture of batteries; chrome tanning; manufacture of 
safety matches, particularly Danish,. Swedish and u strike-any• 
where~• matches, which expo:e.; the dippers rather than the 
mi-cers to chrome ulcers; photo-engraving and photography, 
especially in the ·•carbon•pro:ess'•; wood coloring and hard, 
eoing; tenile printing; aycing of leather gloves and mittens, 
fur, wool, and felt bats (usually in the steaming process), 
cott~ \'\·here chrome salts are required as ••oxidize.rs" and 
•'"di..~ging·· .agents, and aniline dyeing; the bleaching of 
oils, tats, and '\\"a.."t:; manuf.i.cture· of colored glass, porcelain, 
and earthenware; steel making;· manufacture of pigments, 
dyestutfa, and of \-ariOUS salts of chromic acid; manufacture 
of""p}Toxydine-·· powder mad.? from guncotton with bichro~ 
mate of ammonium and potassium; ink making; zincolithog, 
raphy; cyanotype pro.:ess of b'.ueprints in which bichromate 

-- --------·---------------
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ia the fixing agent; oxidation of alcohols. al&bydes,.and other 
oxygenated compounds; manufacture of artificial Bowers, Ii, 
noleum. wallpaper, and colored aarons; in the rubber ind us, 
try on secondary operations, such as paint pigments, welding 
molds, and tire ~ plating pro:esses and large cleaning • 
baths; in the leather industry (workers sometimes follow the . 
practice of using their bare feet to soak the leather in tubs, 
in which case; chrome sores develop between the toes); and 
in analytical chemistry. 

MODES OF ·CONTACT 
Chromic acid and its co.mpo:ind.3 are com·eyed to the 

skin and muco-:is membranes: 
Firs~ thro:.igh handling the dry material itself, either as 

crystals or in the form of a fine powder. 
Second, thro:.igh contact ~-ith solutions- of the materiaL 
Thii:d. through e.~ure to the atmosphere containing 

the ipaterial in the form of a \"3.por, spray, or mist, or it! a 
dust,. in varying amo-.mts, depending upon the technique 
practiEed. 

EFFECTS ON WORKERS 
The action of chromic acid and its co:npo·.mds atfects 

particularly the skin and muco-.i.; memb:anes. The mo:-e 
common manifestations may be gro:iped und~ the follow, 
ing three headings: 

I. Dmnc.titis. This may o:cur as a di.f1.13e in&.mma, 
tion or assume a vesicular or pap-:ilar fo:m. Its lo:ation is 
chiefly on the fingers, hands, face, and o:casionally on the 
chest and feet. Trumper describes a t~-pi.:al ch-:-o:n.e ec:ema 
which attacks the bands, arms, face an:i ne:k of th~ \'\·orker. 

j 

·-----·---------
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He states that the cellular tissue of the face may be swollen 
to such an extent as to cause temporary blindness- by occlu, 
sion of the orbit.. The initial attack. may occur during the 
first clay in the- chrome shop or may not occur until after 

• sevetal years. Carozzil also observed an eczema with e2dema. 
and pain and reports cases of septic granulom.:1. among the 
sequelz of this irritation of the skin. 

P1GUU I 
ChTC11M .dmnatitis. cawed by chrome .10/ution in ct bluc:pnnc developer. 
(Courw, of Or. Anl!t.AIDll Roes $>,tITH, Dids.ion of lndumial H-ygime, 
N,c:w 'YMI( Swe Department of l..4bor.) 

2.. •"'Chrome holesn-single- or multiple ulcerations of the 
s'l{in and subcutaneous tissues. These ulcerations vary in 
size from that of a pinhead to approximately 10 millimetres 

4-
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in diameter~ The ulcer develops slowly without pain, prac; 
tically always at the site-of a previous crack or injury in the 
skin. It may ~ very deeply with loss of tiaaue and 
infiltration, and it heal& with difficulty. According to 

• Prosser \Vbi~' these ulcers always leave scars which. are 
usually quite distinctive. 

• I 

Secondary infections are- said to result sometimes from 
chrome lesions on the skin,. but it is likely tha~ the bordering 
tissues become inf~ rather than the local injury, owing 
to the bactericidal properties of the- chromium compound 
retained in the chrome holes.· However, White' attributes 
the itching, smarting, and pain which workers complain of, 
especially at night, to erosion of the-tissues by the .. trypsin .. 
liberated during the undisturbeq. growth of pyogenic 
organisms. He also believes that the septic granuloma 
results. from a few and slow form- of inflammation or 
imtation,. due. to the feeble but repeated activity of infecting 
organisms. . 

• 3. Imt4tion of the rupirt1tory mucow membr4nu,. with 
nasal ularation and pt:rfOf'a.tion of the nasal· septum. The 
iofiarnrnation of the respiratory mucous membranes is limited 
usually to ·the nasal passages. The nasal septum is exposed 
to·dusts and fumes through inhalation, becomes ulcerated, 
and finally perforation occurs at a point where the blood 
supply of the tissues is scanty. The ercmon of the septum 
takes place slowly and those aff'ected are unaware of any 
injury. There may occur a slight feeling of soreness or irri, 
tation of the nose and the patien~ may com.plain of nose 
bleeding, but seldom is there much blood lost. No defor, 
mity of the outward appearance of the nose takes place, nor 
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is the breathing interrupted. The entire process may be 
complete in as short a time as one week. The perforation is 
permanent. Although the n~e is the usual site of atta~ 
other mucous membrar.es may be aifected. U!cers of the 
tonsils,. palate and laryn."t have: been reported . 

Contrary to what might be e.-q:ect~ the- eyes are rarely 
seriously alfected. Tattcoing of the corr.ea follO\.\"ing in, 
Barnrnation of the superficial layers of the cornea (keratitis) 
may be caused by the formation of the in!oluble oxide of 
chromium from chromic acid ur..der the actio,1. of light, and 
may result in a diminution of vision. 

Systemic disease from chromium rarely occurs as a 
result of industrial exposure.. Vomiting wu noticed by 
Trumpet' in 4 out of 16o persons sutfepng ill etfe:ts from 
chromium plating. The vomiting occurred sudde:rJy \vith­
out any previous malaise and came on immed-;auly after 
t:tking food. Jqules,' in reporting a ca..~ of a!:thma in a 
chrome worker; calls attention to ca!es of asthma reported. 
by two French observers, Drs. Delpech and Hillairet, as 
long ago as 1869, and also by Sir Thomas Legge in xm. 
Carom, 3 although noting that others speak of an action by 
chromates either on the- respiratory or digesti\.-e ttact or on 
the kidney tubuli, finds it somewhat difficult to attribute to 
cbromates any of the bronchitis, asthma, albumin~ or 
nephritis observed fran timt: to time among these workmenr 

Dr. Alice Hamilton: believes the lesions are local always 
and never develop into skin cancer and otfers in confirmation 
the British factory inspector's report in which no case of 
chrome ulcer undergoing carcinomatou.s degeneration bas 
ever been reported, nor any ca..-=e of constitutional trouble. 
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PREVENTIVE MEASURES 
The harmful e1fects from chromium compounds ca.n be 

wholly eliminated or reduced to a minimum so that the 
risk becomes negligible. The responsibility is equally 
divided between the management and the worker. 

P!ant Hygiene 
r. S.!G!U!GATIO:-t-In order that as few workers as 

pouible will be·~ to chromium compounds, all opera, 
tiooa involving their use should be localli:ed in departments 
completely separated from other departments of the plant. 
Workers from other departments should be. prohibited from. 
coming in contact with chrome. operations unless they take 
the: same precautlOns as chrome. workers. 

:l'. VBNnLATION-Reliancecannot be placed on natw:al 
ventilation. Efficient local exhaust ventilation, as near as pos, 
sible to the source of the- hazard, is essential. Among the 
several notable-studies conducted in industrial plants on the 
quantitative- e:,posure to chromium compounds and methods 
of control is a recent study of the health hazards in chro, 
mium plating by the United States Public Health Service.• 
Drawing the air laterally across the top of the plating tanks 
into ducts from one to two inches wide and extending fully 
along· o~ or more sides of the tanks is recommended as the 
most efficient method. of ventilation. To be e1fective, the 
duct should not be required to draw the air laterally for a 
distance of more than 18 inches. This report further recom, 
mends that the level of the plating solution should be at 
lease eight inches below the top of the tank and the duct 
should be at the top of the tank. For effective ventilation, it 

8 
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ia necessary to have an air velocity at the duct of about 
~ooo feet per minute. 

There has been. observed another type of exhaust, a 
magram of which is shown in Fig. I~ which proved effective. 
and has the advantage of supplying a large exhaust area. 
The-auction is sufficiently powerful to draw the smoke from 
a cigarette or cigar at the breathing level of a man standing 
by the tank. 

Wherever the material is used in crystal or powder form 
in operations, such. as mixing, sifting, drying, grinding, 
emptying, and packing, hermetically sealed apparatus with 
efficient exhaust ventilation should be employed, if at all 
practicable. The material should be.handled mechanically 
rather than by band. Chromate in. solut.:on may be deJiv .. 

-Prouum 

~~~~~~~~~~-i;z:.~~~~~~~~~ 
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eretl from the vats to the tanks through pipe lines operated I 
by a. pump. 

Workers should be prohibited from continuing opera- r 
tions after the ventilating system fails to operate properly "' 
or breaks down, and should r.ot resume work until efficient 
exhaust ventilation has been. restored. 

:;. PLANT Housall!PrNG-St:rict cleanliness· of work 
places, floors, apparatus, and toola is-r.n important feature in 
preventive work. Articles should be: transf~red from vat to 
tank and from tank to racks with a mi:iimum of dripping. It 
has been recommended that the floor"" in the vicinity of the: 
processes be covered with sawdust and that this be re­
newed daily. Soiled work places sh:Julc: be cleaned fr~ 
quently. The production of dust must be controlled. • • ' 

Personal Hygiene 

r. Plloncnn CLOTHING-Protective clothing is not 
always practicable and, in many instances-, may· defeat the: 
purpose for which it was intend~ Rubber gloves, apron, 
and boots are sometimes recommended, but it so happens 
that, in raising objects to a rack, the solution runs otf the­
gloves onto the anns and, when the hands are lowered, the 
solution finds its way inside of the gloves. The solution 
likewi!e may drip from a rubber apron into the boots. Thus, 
instead of such clothing protecting the skin, the gloves and 
coots become veritable compresses. The use of long India 
rubber gloves, maintained in good condition, so arranged as 
to prevent solutions and dusts from reaching the inside of the 
glove-,. is undoubtedly of value where contamination with 
solutions or powdered material is inevitable. Hip rubber-
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boots, fitted snugly to the thighs, are al!o \-aluable precaution, 
ary measures. Wa!hable working clothes or overalls, kept 
in good repair, should be worn, and provision fer washing 
the hands frequently in runr.ing water or a neutralizing 
solution should be made com:enient to the working places. 
The solutions usually recommended are: bisulpbite of soda, 
ealt of bismuth er· of zinc or calcium. The- daily shower 
bath is essentiaL A complete change of clothing upon 
quitting work at night is recommended. Clothing which 
becomes saturated with chrome·solutions should be carefully 
washed and dried. 

,. PaonCTIVE 0L."'ln.1E..~TS-A variety of ointments for 
the purpose of protecting the- skin against chromium com, 
pounds has been recommended to be applied !:-?fore com, 
mencing work. Petrolatum (vaseline) and lanolin have been 
T"ttOtDrnended, either alone or combined. Among others, one 
consists of mineral vaseline (16 parts), soft paraffin ('.l. parts) 
and cyllin (1 part), and still another of soii paraffin (3 parts), 
lanolin (1 part), with the addition of ro to 1r drops of 90 per 
cent. carbolic acid. A procedure found practicable in the 
prevention of irritating substances used in industry is as 
follows. Each worker, at the beginning of each shift, is re .. 
quired to wash his hands and arms with soap and warm. 
water and rub castor oil, or lanolin and castor oil (equal 
parts) into· the pores of hands, arms and face. If the skin 
feels too greasy after this application, the e.'tcess may be 
wiped off with a clean cloth. The tissues of the nose may 
also be protected by petrola~ paraffin, or some protective . 
ointment. The insertion into the nose of plugs of cotton, 
moistened with silicic acid or tincture of myrrh, have been 
recanmended. 
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3. R!sPillATORS A...._D GOGGLES-These may be used 
advantageously where the exposure to chrome· dust is .of 
short duration,. but their continued use is to be. discouraged 
and is an admission of failure on the- part of the· plant to 
control the hai:.ard. 

Medical Su.peroision 
Periodic medical e."<3JDination and inspection of the skin J 

and mucous membranes of the nose and mouth, on resuming 

1

~ 
wodt after absence for any cause whatever, of employees 
engaged in chrome operations, have been found dfective in 
reducing the pt'C\'lllence of chrome. sores and in indicating 
tht efficiency of prntective measures. Such examinations 1· 
are required monthly in Germany and Great Britain. Note 
should be made of any small abrasion or cut and the denuded ,. 
area should be covered with \"\,aterproof plaster- before 
resuming work. 

Treatment. 
The treatment of any chemical :wound is best left to a 

competent medical attendant. The acute dermatitis-readily 
responds to treatment. Usually the avoidance of further 
exposure, together with soothing treatment, such as com, 
presses soaked in calamine lotion, is sufficient. According 
to Trumper,' as soon as all irritation has ceased,. usually in 
two days, the patient should resume work, visiting the 
medical attendant regularly for dressing, however. He 

• states that, if patients remain a\"\-a.y :from work until the cure 
is. complete, they render themselves very liable to a. recur, 
reru:e on resuming work. In the treatment of chrome ulcers, 

-, ________ - -------··•·----.. ~------------· 
f 

1 
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PltO'l'!C'nON OP WOlllCl!IU l!Xl'0S!D TO CHM.0¥1UM AND ITS COMl'OC.~DS 

the- first treatment • is to- neutralize the substance at once 
by a weak alkali or reduc:er1 such as sulphite of s~ and con, 
tinue the applications as- after-treatment. A 5 per cent". 

ammoniated mercury ointment also has been recomro~ded 
(or the treatment of chromium sores. Ulcerations of the nasal 
septum. and advanced skin lesions should not be- treated by 
inexperienced personst bur should be-cared for by a doctor. 

The.Determination o!Chromates in the Working 
Environment 

~amounts-of chromium ~ompounds present in the 
atmosphere of workrooms depend upon the extent of their 
u~ the nature of the process involving their use, and es, 

. pecially the effectiveness. of measures designed to control 
their escape into the air. Bloom.1ield10 found that chromium 
platers in the plants investigated by hie were. exposed to 
chromic acid mist in amounts varying from I to as high as 56 
milligrams per • 10 . cubic meters of air. Physical examina, 
tions of these workers showed that continuous daily expos, 
ure to concentrations of chromic acid greater' than t milli., 
gram in IO cubic meters was likely to cause definite injury· 
to the nasal tissue of the operator. Bloomneld quotes 
Legge as nndingabout o.7milligrams of bichromate dust per 
IO cubic meters of air in the neighborhood of workmen 
employed in the- crushing process in a bichromate factory, 
and these workers had ulceration and perforation of the 
nasal septum. 

A choice of methods available for determining the air 
content of these compounds is limited. The usual methods 
of determining gases by aspiration through some absorbing 
medium1 although accurate.. are not generally used, for the 

Il 

• ----·----------
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reason that it is desirabl~ to employ a more rapid rate of 
sampling to correspond with the normal breathing rate of 
the worker, which is approximately one cubic foot per min­
ute, whereas the usual maximum capacity of gas absorption 
tubes or bottles is approximately one liter per minute or one 
twenty-eighth of the desired rate. • 

The method best adapted perh1ps for collecting air 
samples is by means of the Greenburg-Smith impinger11 pro­
vided with the all,glass impinger tube. This same appa• 
ra~ in most instances, is used in America for making dust 
determinations. The impinger collects the sample by aspirat, 
ing the air and impinging the material onto a flat surface 
covered by a liquid in a container. The impinger is actuated 
by suction supplied. by steam ejectors operated by com, 
pressed air. The rate of air flo-,lll, during sampling, is meas­
ured by means of a small vacuum gauge inserted :.:ito the · 
suction line. It is an advantage, in entrapping chromic acid, 
to use an alkaline solution as the liquid in the impinge( flask. 
In order to prevent action of the chromic acid on the rubber 
stopper in the flask. the stopper may be coated with a thin 

· film of paraffin. The paraffin is best applied as a solution of 
paraffin in a solvent, such as gasoline or carbcn tetrachloride. 

The chromium contained in the sample3 may be deter, 
mined quantitatively by_the-io:iometric method. of titration. It 

Industrial plants usually h1ve their own chemist, who, 
with a little additional training. an le1m the technique of 
collecting samples and conducting th: ·analyse,;. A number 
of states no doubt offer this service witho-:.it co.:,-e thro:iih 
their departments of industrial hygiene. • 

'--------- - --··-····-. ---- -- • ---- -·--- --------------
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