g Lingeneering Control of

IS the purpose of chis paper o vucline a pracrical procedure
which the engineer can employ in his owa plantco assistin

the control of occupationaldiscase hazards. Thesolucion of

the occupational-disease problem is by no means a oue-man jab;
it requires che active coopcratiou of all concerned, the engineer
{ playing 2 large part in ics successful solution. He is more chan
1an {mportant cog in the wheel; he is a vital ceaver in the
imcchxmsm for coatrol of induscrial healch hazards.
{ The mechanism to be set in motion for provision and maio-
tenance of healthful working eavironment is, wichia limics,

muoch the same whether ehe caginecc is assaciated with a large
i . manufacturing orgamuuon or wich a small unit.
. T The first step for che engincer fo take is ro ascertain jusc what
- har:rdous materials, processes, and condmons cusc in his plant.
F } ‘We all know generally chat a variety of organic solvents are
* used in spray lacquers aad chinacrs, chat grinding wheels are
W made up of vacious types of abrasives. But such generalized
q irformacion is not sufficienr. It is essential chat che engincer
B! know specifically every patentially hazardous muterial used in
his planc.

i LIST THR MATERIALS THAT ARE HAZARDOUS

¢ This chen is the first icem of the pracrical procedure to follow:
;G-u through the plmt, department by department, and list che
::mattru.ls used in or given off by cach operation. You may be
B of the opinica that you kaow il these items as pare of your
"»- intitnate knowledge of the plant, But it has been our expericnce
“when making plmc surveys thac there are usually a number of
‘gaps in the engineer’s knowledge of these macerials.

Do you know, for example, whether the chinner used in
= yoar plant coatains benzol as a onstituene, whether gasoline
¢ foc nonfucl purposes is free from lead, whether saandstone
¢ grinding wheels are employed, and what abrasives are used
§ oq made-up wheels ot disle grinders? A complete survey of
% plant conditioas will disclose such information and provide
mfocm:uou oa the poteacizlly hazardous materials with which
! you have to contend.

* Sinee new materials are constancly being introduced, have a
“sranding arrangement with the purchasing deparement co keep
8Y: you informed of any such maccrials ordered. If it is decided co
X substicute methanal for denatured alechol, it may nor be neces-
Ri:. sary to make 20y mechanical changes in 2 process and you may
- not be notified of the substicution. But you should kaow chac
i: this more hazardous solvent has been introduced, as additional
i ‘« coatrol measures may be required. One of che suresc mechads
+ of keeping your permanent record up to date is to have the
pmchasu:g departmcnt transmit this information to you.

Of assistance in compiling che lisc of injurious mucecials
wsed i the plant is che bulletin, “"Occupation Hazards and
Dngnosuc Signs,"” prepared by Dublin and Vane,! This bulle-

i zU S. Bureau of Labor Stacisti¢s Bullecin No. 582, 1933.

R~ Cootributcd by the Safery Committee and presented ac 2 session on
! Occopadionad Discases ac the Annual Mecting, New York, N. Y., Dec.

; 2-6, 1935. of Tes Amsriciy Sociery or MecHawican E\mwsans.

<

<
)
I
H

oy .r;_*_:. N

TN Tpe e Ay TNy o

e,
¥

rroe S Bos BedA A

'.
¥
af

gt

Mgl

f

e

. o

Lhiooes oDy aC ...-
LA

Q'I‘

e 0

y

PLAINTIFF’S EXHIBIT

"OCCUPATION AL-DISEASE HAZARD

By WARREN A. COOK

CONNECTICUT STATE DEPARTMENT OF HEALTH

tin preseaes a lisc af hadedous occupations and the injurious
mutcrials and condicions which may be associzted wich them,
The potencially hazardous muacerials to which workers were
exposed in a group of planes in 1 typical induserial area arc
listed inn che report? of a survey recently conducted by che
United Seaces Public Health Service. This report includes the
number and percentage of workers exposed. It may also assisc
in compiling the list of such materials used at your plant.

The permanent record of the porencially hazardous materials
and the operations wich which they are associated may well be
compiled iri the form &f the poccnml-hcalth hazard chart pre-
pared by our bureau, in which the injurious micerials arc listed
along che abscissas and che industrial classifications along the
ardinates of cross-section paper. Ini the chare which you make
up for your plane, the individual deparements 1nd aperations
will be substituted for che induserial classifications. The in-
formation given by this chart may be made more complece by
inscreing, instead of the X used in our charr, the aumber of
workers exposed ctogether with a symbol to indicate rhe
relacive severity of che hazard.

LEARN WHAT PROPERTIES OF HAZARDOUS MATERIALS AFFECT HEALTH

Having made 4 complece permanenc record of che marerials
used, including their constitucnts, and of the departments and
occupations where they occur, be sure that you are informed
on the propertics of chese materials which affect health. You
shauld know relatively how much of the marerial is required
to cause injucy and, geacrally, how che macerial sffeces che
body. You should be sure that your information is reliable
and that it is in accordance with up-to-date knowledge and
opinion. Research on this subject is continually being con-
ducted 20d our knowledge of the injurious action of these
marerials excended. Occasionally, crroncous impeessions of
the hazards presented by various materials gain credence and
muse¢ be corrected,

Some years aga rthe texcbooks stated char pneumoconiosis
was caused by sharp-edged dust particles such as those of
graaice aad aluminum oxide. It has since beca shown thar the
sharpness or hardness of the dust particles is not the criterion
of cheir pneumoconiosts-producing propeccies and rhac workers
exposed to sufficient concentrations of quartz dust o cause
pneumoaconiosis do not develop this coMdition when exposed
to similac concentrations of cqually hard and sharp-edged
aluminum-oxide dust. Many engineers have a good conception
of the types of dust which are most injucious, but esroneous
impressions come to lighe when mduscrial health hazards are
discussed. For example, we often find that the engincer fails
to recagaize that carbon terrachloride 1s injurious on its own
account bur has the misconception that ounly ics produces of
livdrolysis when used in extinguishing fires are hazardous;
and aezain chae toluol is noninjurious since it was recommended

¥ “The Poteatial Problems of Industeial Hygieac i 2 Typical Indus-

teial Arex in the United Sraces,’* by Bloomfield, Scorr, and Sayers,
Public Healrh Bulletin No. 216, December, 1934.
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15 2 substitate for the mare taxie benzol The fQces arz e
a1 the urgamc solvents are toxie, though ty varaaz dearses
So aitheugh you cannar 2epect o3 know the whole subjecr of
induserial toxicology, (¢ s nnpactane didc vou be zehubly in-
formed on the injurious properties of the materials used 1 your
plant  Sueh informacion can be obeained from some of che
scent general reierences on the subyeee, or, evan berier, from
such saurces as yaue plant physician, federal and scace bureaus
of wduserial hiy wiene or cccugatiunal diseases, insuranca engi-
neering departmencs, untversities, and private consultanats.

DETRRMING WHICH POTENTIAGLLY HAZARDOUS MATERIALS, PROC-
ESSES. AND CONDITIONS ARE ACTUALLY CAUSING INJURY
TQ HEALTH OP THOSB EXPOSED

The churd step in the procedure of controlling occupational-
disease hazards s te decide which of the potentially hazardous
materials, processes, and conditions are aceually causing in-
jury ta the healch of thase exposed  Thase potentially hazard-
ous conditions will fall into three categories. Thosc obviously
requining contro! measures, those which may be considered
negligible, and chose which require determinacion of che
expasure to show whether or not the potential hazard may
actually be affecting healch.

The use af determinations of armospheric contaminants has
keen emphasized in the Connecticut Bureau of Occuparional
Discases as an exceedingly sacisTactory basis on which to
proceed. Engincers are trained to wark from faces; the results
of determinauions af injurious marcerials in the aic are the
fundamental facts in accupational-disease control.

The following experience shaws whar can happen when in-
farmation is lacking concerning the exposure of workers to
potencially hazardous conditions. Eighty men were con-
necred with 2 deparrment in which two machines involved che
use of one of the newer organic solvents thac had been shown
to be only moderately toxic. Eleven of chese men were di-
rectly engaped in che operation of the machines. The process
had been in use for some time when an alteracion was made
which increased the concentration of the vapor and duration
of expasure uf the warkers,  Eeen with the increased concentra-
tion of the vapor, cthe odur was nat unpleasanc noc, as far as
we know, did it cause the workers to complain,

Within 2 fortnighe, one of these 11 workers, a normally
hezlzhy voung man, 29 vears of age, went home after the extra
long Sunday shift of 12 hours fecling ill. He died six days
fater, the cause of lus deach being ateributed to influenza and
dilated heare, No causc-and-cffece relation was linked ac that
time hetween his occupation and his death. Omathe Sunday
following, 1 secand man working ac chese machines was raken
ill. and on the next day 2 chird. Cases 2 and 3 were seill il
when two more wurkers were transferred from workroom <o
haspieal; and within 4 days from the deach of the fivst vietim,
five workers had succumbed to fatal poisoning.

The poine of this illuserazion is not thaz the organic sofvent
was extremely poisonous nor thac ic should necessarily be re-
placed bv some less wjurtous mateaal. There 55 no question

byt what rhe process, emploving the very same solvent thac
caused the deaths, could have been conducted 1a such a manner
1s to cause no inury o healeh  The poinc is thae the engi-
neer 1n charge of the operacion did noc recognaize his rasponsi-
balizy to ascestan defiucely whether che exposure to che solvent
vapor was within safe imies Had vapor deczrmiaacions been
made at the time the process was changed, the hazard could
have been controiled before che inpury o health occurred.

Macerials of equal or greater toxicity are being used 1 many
plancs coday 1 any chanec 1s made in an aperation or @ the

mazerial wsed. aseersun thar sucl chanae does not merzase the

Mecxanicar ExciveeriNg

Bazard Revand safe limuts, Onidy hy knowme che hazacds aad
Jeterminng tiac the expasure 10 them s withun safe himits wan
vou ke tssursd that vour plant will suc be visited by any such
lameneable accucrence.

Not aniv do decerminations of these armospheric coatami-
nanes show where control measures must be fnstituced bet, ia
other instances, they may permit appreciable saving by showing
that contral measures mvulving expensive exhause equipment
may not in every case be necessary.  Ilustrative of such a sicua-
tion is che potential hazard from the lcad melting pot.

Fer vears thizre has been a tzadency to recommend echause
venztlacion over melring pots containmg lead and its various
low-meluing alleys in slush casting and linorvpe-machine
operation. To determine just how necess.iry it is (o have boods
over the melung pors of type-serting machines, air analvses
were made 1n coanection with an investigation of health
hazards resulting from che use of these machines.? The results
of these analyses showed thae the daily exposure where there
were no exhause hoods was less than 0 2 mg  Seudies made by
our bureau where no local exhaust was applied to the linotvpe
macitines have also shown lead concentrations of this same
order, well below the amount which causes poisoning. Ia
studies conducted in lead-casting departments of four planes
during che past year, we found the exposure of the cascers to
vary from 0.1 to 0.5 mg of lead per 10 cu m of aic. The amount
of lead collected in samples taken directly over the melting
pots varied from less than 0.1 mg to less chan 0.4 mg per 10 cu a.

Since it has been well established that excepr for prolonged
exposures che limit of safety under most industrial condicions
is an atmospheric concentration of lead dust or fumes of less
chan 1.5 mg per 10 cu m of air, che foregoing detceminations in-
dicate chac chere are more important control measures than che
provision of exhaust vencilacion for lead melting pots kepr ac
moderate cemperatures.

Of interest in chis regard is 2 table of the calcnlated maximum
lead-vapor content of air over surfaces of lead kepe at various
temperatures from 250 C to 1500 C which was published in the
foregoing paper.? A portion of this table is reproducedfin
Tahle 1.

TABLE | CALCULATED MANIMUM LEAD-VAPOR CONTENT
QOF AIR OVER SURFACES OF LEAD KEPT AT VARIOUS
TEMPERATURES

——Temperature—— Coacentratioa of
F lead, mg per 10 cu m

300 572 00006

350 662 Q.Q018

400 752 0.02

150 2 0.2

500 91 2.0

From chis table it will be noted chac the temperacture must
¢xceed Fe0 F before injurious concentexcions af lead vapor are
girea off from the melting potr. A warning should be given,
however, that as the temperature exceeds this value che amount
of lead vapor evolved from the surface of the molten lead in-
creascs rapudly; when the temperature doubles from 50 C to
1000 C the equilibrium concencration of che lead vapor 2bove
che sucface of the molten lead increases 50,000 times.

Since things are not always what they seem. even when con-~
sideriag such a prosaic entiry as occupational-disease hazaeds,
the enginear should have information on the amounc of the in-
jurious substance to winch the worker is cxposed wherever
there 15 2 possibility of doubr. Determinarions of atmospheric
contaminants bring to light hazardous conditions before occu~

¥ Hyziene in Scrzmacchinenriumen,” by Vije and Weber, Schriften
aus dem Gesamegebict der Gewerbehygicene, no. 44, 1935,
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paonal distases develop.  Ia tutaer vedrs the only eriterion of

bt ds:ba.lthfulncss of the industrial enviednment was whetlicr
not clearly demonscrable injury to healeh occurred.  And
ally it was oecessary for several cases of occupational
i iscase 1o develop before the working conditions were aceepred
‘Iss the actiological facror,

i Utilize the methods available roday to keep one step ahead
Bt the occupstional-disease speccer.  Determine whether the
fveorking coaditions are safe or hazacdous on the basis of the
encration of che hazardous material presenc. I the worker
exposed to more than the threshald dose, then ace at once to
ooxrect che conditioa. It is aot fiecessary for the cngmccr 0
e ‘ ehiy, fearing thae he may be gverestimating the scverity of
ti:c harard and so lcmnq his concera in for unessencial and
nproductive expenditures; he can stand behind his recom-
xendations when they are based on facts which show che
phaned to be excessive. [t has been our expericace thae the
cngmcu' armed wich such facts has received support from che
(mamgement such as had previously been accorded him only on
projects which otfered an assured production profic.

3 ‘ .i
A!!u' ENGINEERING PRINCIPLES TO KEEP WORKER'S GXPOSURE
WITHIN SAFE LIMITY

Xt* This leads to the fourth scep in the procedure for the control
of oocoparional-disease hazards: The application of cngineer-
.lng principles o keeping the worker's exposure to potentially
¥ harardous conditions within safe limics. As stated by Clark
and Drinker in their new book,! “"Prevention of induserial
‘fidiscase s largely a0 engineering prablem, as ics basis is a separa-
i tion of the toxic or imritaring substance from contact with che
¥worker.'
%3 This separation of the harmful marerial and che worker may
equire application of he most ingenious cngmccnng skiil or
fmerely of simple engincering prxncxplcs but in either case
thcmshouui be a2 gencrous portion of that most valuable qual-
ity, the ability to be practical. General methods of occupa-
‘noml—dlscasc control measures can be divided into a number
of groups, such as provision of enclosured, exhaust ventilation
both tocal and general), changes in process (dry ta wet, for
cnmplc), substitution of more toxic by less coxic macerials,
’:nd wearing of special prorective equipment.

. Without going into examples of cach of these general mech-
0&: consider from an industeial-hygiene point of view some
sunplc operation, such as sandblasting., Assume char chis
‘operation is conducred in a modern, spcually desigaed room,
£ that che sandblaster is equipped vich a pasitive-pressure helmer,
Rthat a steel abrasive is used, 2nd chae a cloch-filcer cype of duse
Roollector is provided. It may perhaps be fele char che condi-
2tioa can be dismissed as Complctcl} satisfactory.

- Bat is the sandlbaster 2dequacely protecred? Let us see just
Hohar should be taken into consideration to assure thav an
M affirmative answer can truly be given.
$ The dust ro which the sandblaster may be exposed comes
ﬁgﬁ'mn rwo sources, that in the sandblast room and chac in che
air line to his helmer. If there is an appreciable amount of
molding sand an the castings being cleaned, the dusc in che
room will contain free silica, though che percentage will be
{3 oasiderably lower than if a sand abrasive were being used.
4§The posuuc-prcssurc helmer may look »:ood on paper, but
fenaminc it on the man co-mzke sure i permits no easy access
fffoc the dust. Wich some types of helmees chere is a strap ot
§lelascic which permics a tight fic around the neck, Daoes the
 sandblaster so adjust chis chac the dasc cannot eneer che breach-
ing space? Or perhaps there is an openung a¢ che front of che

A €“Ipdustrial Medicine,' by Clarke and Drinkee, National Medical
BooL Co., New York, N. ¥, 1935.
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find its way inco che hielmee 1f there are openiags of aprredialic
s1ze even against the scream of air escapng frem it.

Having ascerrained char the heimet fies properiv and o s
adjusted that the dust does not have access to its incerior, turn
your attention to the air supplied in che pusitive-pressure line,
How much duscdoes it coneain? Isthe intake of the compeessor
so located chat che air is clean? Even when an atr washer 1s
supplied we have occasionally found this to be ineffective if
dust has been allowed to accumulate in it or if the water
has evaporated or the glass cracked.  And 1s a suthicient volume
of air supplied? Docs the valve on the ticsupply line permic
the sandblaster to reduce the volume of air below chat nesessarv
ta make che helmer as effective as its manuficturer designed ic
o be? Dassibly the air line conrains some o1l from the com-
pressor and the blaster may shur off the air ro avoid the dis-
camfore ac che expense of subjecting himself o a severe health
hazard. Provide che maa with 2 clean air supply and be sure
he is geceing che proper volume of ic.

Haviag checked these icems, make a dusc dererminacion of the
blaster’s exposure while conducting operations in the usual
manner, A decermination of the frecwsilica content of the
dust will assist in the interprecation of the result. Buc 2 good
helmec will keep che exposure well below five million pareicles
per cubic foat of air which is considered good performance
whatever the free-silica content.

Alter che aceual sandblasting has been completed, are there
other dusty operations which the blascer may include as a

pact of hisduties? An approved filcer-type respirator should be
worn while performing incidental jobs involving moderately
excessive dust exposures.

Perhaps one of these jobs is empeying the dust collector ewo
or three times a day. In one case we made dust determinations
of the blascer's averzge exposure while teansferring the duse
from the hopper of the collector into barrels and found it to be
324 million particles per cubic foot of airl Even this repre-
sented an improvement over a farmer condicion since a canvas
cover had beea provided which exeended the canvas discharge
tube so that it ficred over che top of che barrel. At the plaac
where chis determination was made, the blaster was exposed
foc ten minutes twice 2 day to chis high dust concencracion.

It is essential not oaly to keep che average exposure within
safe limics, bur alse to avoid exposures to greatly excessive
concencrations for even bricf peciods. The importance of avosd-
ing such cxposures is not limited co dusts bur also applics to
mauy other injurious macerials found fa industry, especially
where the brief exposures are repeated day after day.

There are several methads for cemoving the dusc from che
collector without subjecting the worker co lirge amounrs
of it and some effective method should be urilized. In problems
of this type the engineers of the equipment manufacturers 2re
of much assistance,

A sucvey of the sandblast operation should iaclude exposure
of other workers in its vicinity. (s che sandlbast room feself
tight? Where is the dusc collector discharged? There has bezan
much discussion conceening the discharge of cloth-fifrer dust
collectors back inta workrooms where {ree sitica 15 one of the
constituents of the dust. The final answer to chis question de-
pends upon che ability of che engincers of the equipment manu-
facturers to provide a collectar which will clean the air swih-
ciently aad with such certainty when all operating facrors are
considered chac the worker is not exposed to an 1njurious ac-
mosphere.

The difficulties of dust suppression, the limitacions of dast
collection, and certain other factors cause the preponderines of
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opinian at the prasent rime (0 tavor the descharas ar a ponyg
cutside :hc , tlant &1 ur fom collzrors handiing a Just of ineh
stlictconee Hawever, o 2 particular plane ander cereans crc-
uumsx.mccs. 1t mav be aspeciaily desisable to recurn thie aie from
the callector to the wxkrsem.  If chis s done, thea by it
means ascertn by duse determinacion thac chuse empiaved in
the werkroem are sog expsed 10 excessive dust concencrarions,
and further, nsticute 1 aged cauane of maingenance dnd check
dust determunatens ta assure vourself chat the duse exposure is
being kepe withina safe Liners
INSTITUTE ROUTINES OF MAINTENANCE AND CHECK-UP

The eagincering contrul of any occupational-disease hazard
cannnt be attended to once and for all and then forgoten.
Eternal vigilance, 1 the form of maintenance and check de-
terminations of the atmospherie contaminants, is ¢ssential
to the complete solution of the problem. This is che fifth step
11 the engineering contol of occupational-disease hazasds.

Maintenance is of such paramountimportance in occupational-
disease controf chat it should be made the subject of 1n entire
pager. The following s an exampie of what can be done when
such a piece of equipmenc 15 a dust collector is properly main-
tained under the dirccr supervision of the plant engineer. Dust
collectors were cannected to two sandblast-table rooms using
sand abrasive. The collectors had been in continued use for six
vears. During this time they were thoroughly inspected and
cleaned cvery month, Konimeter dust samples were taken ac
che discharge of the twa collectors. These showed counts of
1 2 and 07 milliun parucles pec cubic foot of aic for one of
them, and, for the ather, 3 Uand 2.8 mitlion particles. A week
{ater the second dust collector was checked with an impinger
and a concentracion of 2.35 million particles was found in the
exhausted air.  This collector had been cleancd and inspecred
abour three and one-half weeks previously. Another impinger
simple was taken withia 2 tew days after sts next regular
cleaning and che coacencration at the dlscharzc was found to be
only 0.87 mullion parricies per cubic foot of air.  After another

Muciaxicar ENoiNEERING

soprmetss sampies at chese v dust collectars and aserage
copcencratans of 2 3 mdhion parsicles and 15 mullion parricles
per cu’eh. :om ot’.u'r were found. The engineer who maintained
eiese duse collectors in such exceliens condition deserves much
credir, wluch the engineers who originally designed the squip-
mene sweuld gladly accord him,

Qther picces of equipment than dust collectors also sequite
adequate atrention to maintenance to assure chac a Sealth
hazasd once controlled will continue to be controlled.
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CONCLUSIONS

A procedure has been outhined for the sogincer to utilize in
hus plant as his pare in the conrrol of (x.cupanon.zl-dlscztc

hazards.

£1) He should make 2 permanent hise of the materials used
in his plant and keep the list up ro dare.

{2 Heshould be informed concerning the injurious proper-
ties of the hazardous materials used,

(3) He should derermine which of the potentially hazasdous
conditions are actually causing injury to healch and should be
controlled,

(4) He should cngincer the control measures, preferably
checking the completeness of concrol by determinacions of the
injurious materials in the air breathed by the worker.

{53 He should insticute routines of maintenance and check-
up decerminations.

The manner in which this procedure could be followed was
autlined in conacctivn wich the simple operation of sand-
blasting. This same procedure can be utilized for che control
of health hazards of similacly simple operations or of the most
complex operations where a varicty of hazardous materials are
involved. Every available aid should be made use of in coping
with the occupational-disease problem to the end thac the
hazardous condition may be controlled before it manifests
ieself in the form of cases of occupational discase.
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