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METBODS POR THE PREVETTICN LEAD POISONING IN INDOITRY
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Introduction
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eompounds bave been knowvn vith varying degrees of understanding apd xisunder-
standing for centuries. This situaticn pereists, for the grovth of nev knovladgs
bas been assoclsted vith e tremendous lag in ite disscuination, and vith e still
greatar delay 1o 1ts spplicetion in clinical medicine end indwstrial

Since Almost everycns Dss beerd or resd scmething sbout leed polscuing, it.h
sseuned by many pecple, &nd especislly by physicisns, geperslly, thst they know
e great deel sdout it. The facte are that laymen, &3 & group, knov virtually
pothing about {t that is of valus to them, and that comparstively fev physicians
on the outside of industry bave had any ccatact with Perscos whio vere suffering
frea leed pofscning, or any expsrience that vould qualify thea to diagnose or
treat this ailmest, such less to make & valid appreisel of the coolitions under
which the disesse occurs. It &s not surprising, therefore, that many cases of
lead poiscring, especislly those which occur among very young thildres, of

ancng sdults w0 have po Cbviocus exposure to lsed, should go unrecognised. aun
1288 swprising, and actually of coamxm occurTence, 18 m opposite situsticn -
that of ceses of other types of 1llneas, sspecially those of somnvhat cdecure
charectar, being diagnosed as lead polacning, marely because the patient \bo
preseuts birself to 8 ghywician 1s found or s81d to be “"working vith lsad,”

18 exployed 1in & ehop or foduatrisl plant io vhich lesd £ used. nhuuofw‘
mch more swpriss and indeed for great concern, that in 8 coustry ia shitch
technical knovledge sod skill have reached @ very bigh point

and developacot in {ndustry bave became magic words and deeds in our productive,
competitive ecancmy ~ we should £ind 80 grest & lag and such striking ioeptitude
1n the epplicatica of theavsiladle technical knovledge in providing cooditicos ia
which the uniquely useful physical aod chemical properties of metallis leed sod
1ts compounds cen be utilized to the full, without exscting an wduly bigh toll

1n sickness apd disadility from the men £54 vomen who vork vith these materials.
Muxch of & congratulatory nature hes been said, in many places, of the progress
that bas deen made in industrisl medicine and hygiene 1o the United States. Some
of this 1s valid, especislly that which has been limited to the contridutions to
our knovladge viich bave been male ummrm:yamwnmmu
1sdorstories of industrial taxicology and byglene, and through surveys and
persistent medical and hygienio suparvision snd fnovestigaticn in variocus industrisl
plante., Out of these have cone tha Dasis information &nd the practical methods
vheredy faailisr types of industrial intoxicatiocn bave Deen brought under setise
factory ccotrol in scme industrial estadlishments in scme areds of the comtry.
There ere, for exsmple, industries in which large quastities of leed and it
oowpounds Are being used in potentislly fangerous cperaticns, ia wuich 80 cases of
lasd polsoning, even of the mildest type, bave ccourred for many years, sod 1o
vaich the risk of 1aed polacoing 45 under ocmplets control.

In contrast ¢o this are industrial plante, usually, but pot alvays, seall,
10 whiioh occupational exposurs to lesd, 1o opsraticos thet are well-kmown to be
dangerous, oacure prectically vithout cootrol, acd in utter disregerd of eay
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principles end practices of Industrial hyglene. It 1s equally true that, as the
utility of lead and {ts ocmpounds in modern technology have taken thess materials
into & largs ouzber of bighly varied types of industry, many of thoes who Are
responsible for production, in their prececupation with the technology of productiom,
bave hed no thought for hyglenic technology, lacking familiarity vith thase matters,
themselves, and baving no experienced or trained technical or medical representa-
tives of {nlustrial hyglens in their crganitaticcs. Thus 1t tracspires that the
incidence of leed polsccing in American fodustry 18 high, &nd viils most of the
cases of poisoning ere caxparstively aild, we still sce, from tinme to timo, ceses
that cozpere {n severity and in their cepacity for producing permanest disadility,
wvith those vhich occurred in the darkest pericds of industrial history. In
bringing these dreary facts home to this audience, I must also ecxphesize the fact
that the mecufacture of electrical storege batteriss 1s responsidble for & large
Buber of cases of lead _olscning in the United Otatee - probadly & larger mmber
than any other oos industry - and thet to xy pervcoal knovledge there have deen
cascy, vithin the present year, of & type that occur cnly as the consequence of
massive, essentislly uncootrolled exposure to leed in the form of dust end fume.

These things are occurring in this industry et & time vhen there is
axple information with respect to both the methods of cootrol end the eritsria
of buman safety, vheredy leed poiscning can D eliminated camplately from smoong
the cccupatiooal diseases,

It 1s xy purpoee %0 dring to you tbe evidence in prouf of the latter
statemsnt, and to 4iecuss with you the desic reasons for the failure, 1o presente-
day Aserice, to apply well estadlished methods of industrial hygiene to the
muctlcnufunmthdmmmmumtmdmunmvwm
e living for mm-mmumnu

Bypienic Standards for the Amiul cf %m Q.o Lud ’
t us first consider the resuits certain precise cheervations that
bave been made over loog pericds of time in various lesd-using industries in this -
country, vheredy occupaticoal eonditicns wvhich are dangerous can be differentiated
from those wbich are safe. In cbtaining such resulte cos cannct have failed to
parceive the major features of the industrial operaticns apd of the econditicns
under wvbich they are carried out, vhich have rendered them dangerous ca the one
band, and safe cu the other. These conditicos will be dealt vith st greater
langth, seperstely.

It {s ixpossidle fn the time aveiladle for the discussicn of this sudject
even tO menticn the principal investigaticos from vhich our present knovledge of
mmmawumnmmmmunm. Buffice 1t to say that
on the beses of such physiologleo facts, the dstermination of the rate of the
weml of lead in the urine and the seasuremsnt of the ccocentrsticn of leed in
the blood provide definitive means for estadliahing, iodirectly, the approximate
lavel of the adsorptico of lesd 1nto the body, under appropriate ccoditicos, sod
for estimating the severity sod the hygilenio significance of an cocvpaticosl
exposure %0 lesd. Ry carrying out smalytical surveys of vorkmea at suitadls
intervals over & euffiojent period of tise, 0D can dsmonstrate the fluotuatiocns
and the gepersl trends fa their current rate of edecrving lesd, and thus estadlish
the quality of the conditicns undar vhich these men vork, vith respect to the
relative severity of thelr exposure to lead, By maintaining an adaquate medical
supearvision of such vorkmen, 1a conourrence vith the analytizal regimss, coe ces
8150 determine, {n an entirely fustusl manner, vbetber the snalytical findings
both in iodividuels end alsc 1o the group, aod hevoe the individual or aollective
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ocoaupational exposure to lsed, is ssecciated with the occurrence of lead poisoning.
Ry means of systematic cbeervaticns of this type, carried out over periods of years
15 & wids veristy of lssd-using industries, it has been pPoesidble to Sevelop oriteris
by vhich dangerous occupsticoal conditicns can certainly be distinguished from

those which ere safe. Moreover, varying degrees of hazard cen cleerly be protrayed,
in terns of the physiological snd clinical responses of voriamn to the conditicos
under vhich they vork.

Thers are tremendous advantages in having i{nformation at hand which
Gencustretes the extent of the sbsorpticn of leed Dy individuale 4in & group, and
Ty the graup &8s the composite representatiocn of & specifio industrisl planst. For
ocoe thing, 1t 18 0o longer pecessary tO speculate as to the extent and the'
significance of the exposure of the vorkmen to lesd. This §s revesled as clesrly
and ea meaningfully, by acalytical means, s are the dinensicos of aa article in
producticn, by instrubental measuremects. As for soother gain in reasonabls
certainty, in cootrest with the gepersl furzincss of formar lay &nd ssdical
opinicn, the factor of individual susceptidility to the adscrption of lead,
whiich bas been coe of the potent cbstacles to sound eavirormsstal ecotrol of lead
. exposure, bas been reduced to & lavel of prectical insignificence. One need pot
ococers or delude himself vith the ides that this, that or the other set of
conditicns 1s not dangerous, or that this specific cospound or mixture of ¢oxpounis
in the form and panner in wbich it is Deing hesdled, 1s pot sdsorbedle. The fact
of adsorptiocn camnot be missed, provided estadlished methods of ifovestigation are
emplayed vith sufficlent skill and care, and {f the analytical results are intere
pretad oo the basis of sound physiclogic facts and principles. The lstter reserva~
tico calls for & wvord of caution. The developoent of methods of analysis which
cannct be employed successfully in ordioary c¢linical disgnostic laborstoriss or ia
the ususl quality control ladaratories of industry, hes placed this analytical
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far o0 good, in insuring the validity of the enalytical results. Tbhe prodles
obtaining satisfactory ss=ples of dlood, 4nd especislly of urine, bowever, is

t0 the physicisn, ss is also the responsibility for interpreting the results sod
ing upcn them. By no stretching of his function cen the cheamist or industrial
ene engioeer properly easume these responeidilities. The handling and super-

oo of med Vbo Sre threatened by discase is & medical functicn, both by treditica
lav, and since the satisfactory placement or displacement of workmen often srises
. theee asalytical resuits, such results should be dealth vith o3 the ocnfide
dats of medical records. When they are msde aveiladls to, and discussed

with, nco-msedicsl personnel, especially workmen, through other than confidentisl
sedical ccosultations vith individual wvorknen, they create situstions which ere

oflen fraught vith greve difficultiss, including misunderstendiing, apprebension,
gossip, and lador-management cootroversies. (It is feirly cbvicus that medical
Battere are often involved {n collective dargaining, but it 1s equally evideot

that this 1s pot the desiradle mthod of arriving at sound medical policies ia

induetry.)

It aay te noted, with some surprise or eoncern, that the discussion of
standards of safety has not included, thus far, reference to the tolersdle limit
{or Jinite) of the concentration of lesd and {ts campounds 1o the etacerbere
of fndustrial estadlistaects. It might bave been supposed, for resscos of 0oBe
veolence and econamy, &8 well &a historical sequence, that such & stasdard (ef
standards) of safety wvould bave been considered hervin 1a advance of sny other.

It {8 ot through acoldent or prejudice, hovever, that this mstter has been relege
8ted t0 & secondary positiocn 1n fts relatico to humen safety vith respect t0 the
sbeorption of lesd. ZLe foct is that the messursment of the eoncentretion of lead
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in the atmosphere affords many practicel advantages in counection with the opere-
tion of & plant in wvhich leed 1s Deing used, and specifically in the appraisal

of the efficacy of the measures for coutrolling the lesd content of the atmcephere.
At best, hovever, cne 18 dealing here vith “"rules of tbusd,” {n relaticn to degrees
of hazard. The latter vary with the physical and chemicsl characteristice of the

10les dispersed in the alr, and, therefore, unless these charctaristice

1.e. *he nature of the specific campound (or campounds) in the stmospbers, and the
distriduticn of the particles as to size, shape and mess) are sscertained and are
interpreted in terms of their potential adeorbability, they provide little more
than an educated guess 83 to the severity of the overall bazard sustaioed by men
who wark 1n the teeted arcas of the plaat. The menticn of “tested aress” should .
bring to the mind of the experisnced industrial hyglene engioeer the problens
presented by the many operaticns wbhich are carried out in many different areas of
an infustrisl plant, and by the menifold varisticos in the volume of thase
cperstiocns fraa day to day, mooth to mogth, Or year to yesar. The adequacy of the
saxpling prograa, 88 to srthods and the satisfactory coverage of such variadles o8
changes 1n the overull or localised volune of production, detericrutiom of productiom
and control equipment, and many others, is alvays open to Questico 4od s aubdject
to dudgetary, as well ss techoical, cdetacles.

The significance of the acocentration of leed 4n the air io the vicianity .
of vorimen, even if §t 1s 80 &atermined s torvlats cnly to respiradle lesd, is
st1ll aa inccmplets expression of the occupationsl exposure to lsad, for this 18
oot the only source of significant exposure. Unless care 1s taken to limit the
iotroductioo of lesd ioto the digestive truct, through the promoticacd hadbits of
cleanlinegs cn the part of the men, &5d through provision of comfortadle eod
sttreactive vesh-roam, “change-house” and lunch-room facilitles, the leed that is
svalloved datlly cootinues as & source of sbsorption throughout the 2k hours of the
day and over the week-eod (since the slinestary tract is Dot esptied of 1te
reeidual ocotents st the terminatico of the day's vork). It is true, of course,
that the adecrption of lead from the alimentary tract is slov and incomplete
under the most favorsbls cooditicos, but it s also true thet leed poiscoing may
reault solely from such adscrpticn, if the quantity ingested 1s sufficlent. Bince
it 1s fairly easy, under suitadle cooditicos, for the vorksan to svoid the
ingesticn of leed in the course of his work, it 1s obvious thst this contridutica
to that which he inhales from the air, under much lees eesily svoidsdle eircum-
stances, should be kept at the adeclute ainimm. In this consectico it 1is & fact
of consideredla importance that the large particles of lesd-bearicg materials
{those 1n excess of 2 to 10 microns 1in diameter, or of even larger dimensicos)
vhich may remain airborne, in the immediste vicinity of & vorkmso's oostrils, long
anough to be fohaled, are depoeited for the moet part in the nasal and trecheo-
branchial passeges, and that large mmbers of them reach the nasopbharynx eod are
svallowed. Thus 1t happens that the alimentary tract say coctein from & fev O
may allligrass of leed every day, vhich ere derived fros the dust-lsden atmospbere
¢f & plast, Therefore, the use of an air-sampling device vhich excludes the largsr
particles — even those iich fall out of the eir rapidly--msy fail t0 reveal the
trus significance of the exposurs of workmeo to eirborne lsed.

Tor 31l of the foregoing reasons, and for others a8 well, the sampling
and andlysis of the air, as ha sole or principel means of messuring ocduzaticnal
1lead hazards, may fail pertially or utterly to reveal the true state of the
indw trial enviroament, sod {8 cen dever (or bardly ever) be expected to disclose
the probably or actual dasard of the vorkmen, especislly that of the
vorkmen (suwh for exaaple, as the mailotenance And housesleaning persconel) vbose
wvork does not fit into We usual petteras of production operstions.
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Other criteris have been and are being used to maintain a check wpon
the status of worimen in the 1aed tradas. These Tenge from ecme form of pericdio
physical exaainatica to the use of proceldures of the olinical laboretory (either
a8 supploments to physical exaatnations or &s the sols mcasures of medical
exaninaticn), from which conclusions sre dravn as to the 1ikelihood of the cmset
of leed intaxicatioo 10 & epecifio vorkman or among certain occupstional groups
of varicwa., The striotly clinical exarinrations are intenided to pick out the
individusls 4in 8 group of men vho are threatenad by leed intoxicatiomm, or, more
realistically, to discover incipieot intaxicetion before it bas reacbed & serious
or disabling stage. Certain laborstary tests, axcng wvhich the commonsst, the
Ricrosdopis exanination of the blood for “stipping™ of the erythrocytes (mn
tests are often extended to include other changss in the formed alenents in the
blood, such &8 reduction In the mucbers and in the bemcglodin content of the
erythrocytes) and, more recently, the exasination of the wrine for the presence
of sxoormel quantities of porphyrins, are being esployed as means of appreising
the state of beelth of the worknen, or in reverse, the exteant of the basard of
leed adecrpticn to which they are Leing sudjected.

Vithout estering upon ea 11l-tined discussicn, bere, of the Telative
value of theee criteria for dlagnoeatia purposes or for revesling certain none
disadling effects of the adscxxptian of abnormal quantitiecs of leed, it s suffie
clent fOr present purposes, to say that noos of them, singly or in cawbination with
any oFf 6ll of the others, is satisfactory. Io crder to put this fact in perspective
in the preosent state of preventive medicioe, I trust tbat I may, vithout ispropristy,
taxs & firm professiooal positica. I vould not be villing to accept the reeponside
114ty for the safety of & growp of vorkoen in sn iodustry in vhich there is sa
actusl batard of lead polscning, If I hed to rely solely upan any coe OF any
eambication of these clinical procedures. In the light of present know: , these
are 0ot adequste 83 procedures of preveative medicine in the leed-using industrise.
In an earlier pericd of occupatiocoal medical prectice, they vere the best means
availadle; they are oov Dut mskeshifts. Their cnly Justification is that they are
easisr and lass costly in their performence. lLet me Basten tO say thst, ia lesd-
using industries in which time snd experience have demnstrated that tde exposure
of vorkaen to 1oad in cwrTent, stadle cpersticns is being 80 ecutrolled as to be
wvithout batard, {t vill not be necessary to resort to precise measurement of the
rete of the adsorptica of lesd. BRven {n such industries, bhovever, scme of siich
are Inowa to exist, sny isportant changs 15 the type or method of the opereticos
st be reexasined for ite effects upcn the sdeorption of leed by the releveat
group (or groups) of workmen, 1f the bealth of the latter’s to be sdequately
protected. Moreover, the equitment of the opersticns, &s well ss thet of industrial
bygiane (ventilatico, flltrsticn, electrostatio precipitaticn) undergoes detericree
t1co and muwt be tested and saintained at & higher level of efficiency, if setie-
factory euvircomental ocnditions are to persist.

Pothods for the Control of Pguu to lead n ?.ndvn? '
P ve rem gooe ccosifersticn of the

P
preceding discussion, 1s that the principal functiona of the physicisn {a the
lead-ueing industries are those of recogniiing the existence of the danger of lead
polsoning therein, vhen 1t exiete, 8nd of estimating the extent and the significance
of thie danger, and of providing suitable epecifications for its elimination., It
18 olear then, that the sctual preventicn of cocupational leed polaoming, ia all
DUt secondary matters, resides in the control of the Lmherent opportunitise for
expoaure to lsad wtiich derive from the industrial operstions. The respooeidilfity
for euch ocontrol lles 1o technicsl, not medical, hands, and is, fundasentally,
& function of sanagement. Thie function, hovever, 10 our day, may properly be
delagated to the industrisl hyglene enginesr, provided the efforte of thé latter
are Laplemented sdequately Dy managsmant, either directly or through the sedicsl
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departsect, It (s Dot vies nor reslistis to sssign such responaibility to s
pt.ysiclea, por 4s the physician trus to his bumane rols in scotety, if be

acceits such reapoasibility. There 18 po drug ncr medicine--5o chelatiug agent,
po food por drink, such &8 milk or lemonabe--vhersdby men who are sbsorbiog
anperous Qquantities of lead may now be shlelded from the harmful effects of ewch
sbeorption. The time may come vben medical Tescarch will Dave bdrought forth
redication thet will eerve this purposs, but this has not been accozplisbed, and
until such & time, the responsidbility for ths occurreoce of occupational leed
poiscaing rests beavily upon the smpagement of the lesd-using industries,

There are certain measures vhich cen be exployed usefully and
effectively for short pericds of time, or in unuwual situstions or emergencies,
wheredy the medical guidance of the madsgement in the 4ispoeiticn of workmen cen
be used for the protaction of the lattar in chviculy dangercus situaticos.
8Such conditicos should pot be tolersted looger than is required to siTive at &
sound conclusion es to the pature of the existing situaticn snd the proper
peans of doaling vith it over the loog pull.

The specific methodology of enviromental control 1n lsad-using industries

peed Dot and shiould pot be opelled out 1o this dfscussicn. Buffice it Dere to

say tst technicel exjerience and expartness are involved in the location sod
design of en industrial plant, 1ts opersticns end 1its equipaent, to meet the
requirements of production, along vith those of industrial hygiene and pudlie
bealth. (The mere mestion of appropriste methods for the disposal of afrborve

and vaterborne vastes s sufficisnt, for present purposes, to Justify cosidera.
ticos of public bealth.) Obvicusly, 1t 1s much more difficult to schieve satise

© factary results in the coaversion of &0 014 plant tO @ pev OF revisad use. This

15 & matter which should be considered expertly in the hyglenic sppraisal of an
iodustrial project of this type. It is not an uncommon experience to find that

& Dev plast Bas Leen designed to achisve certain sdvantages in production, ia
disreganrd of the requirements of industrial bygleoe. Almost eQually disconcerting
18 the ocutcome of the attexpt to utilize sz availadls or ocmveniently scquired -
tutlding (or group of buildings), coly to find, too late, that the cost of re-
modeling, vithout sshievicg e satisfactory result, vas greater than that of
ocostructing 8 pev, properly decigned and tafe plant.

Defore concluding these brisf coments cu the methods of snvircomental
coutrol in the leed trades of the present and future, at leest ooe other geperal
priociple should be enwnciated, this time from the point of viev of tha physiciaa
in industry, vhoes duty, sacog otbars, 18 to cultivete sacng vorkwen the utaocst ia
knovledgeadls coaxplisoce with the requirenests 1a perscnal performance, These
requirenects must b reesanabls 1o their demands upon both the understanding snd
the bebavior of the vorkmen. One cannot make light of the hazards ofthe day's
work, and at the same time put the responsidility for msticulous cere in the
svoidance of basard upin the uninstructed workman, The ictelligent and effective
use of & dust Tespiretor 16 indeod & matter which requires both understanding and
meticulous care, Moreover, 1f the requirement of the use of the dust reepirstor
18 t0 Ve more thaa & gesture of plety, against the overvhelaing provadbility that
1t vill not be used effectively by untrained and unsupervised vorimen, the
recpiretor vill have to be selected, inspected, oleansed and fitted to the vorkmen
by an appropristaly treined represestative of the managemest, and {ts proper use
vill bave to be sssured by an effective eystem of supervision. As the Preceding
comments suggest, there are gituaticns which require the use of perecmel
respimtory protective squipmest fram time to tisme and there are a fev jobs wbichk,
1t seems, cennct e cerried out vith safety vithout oomtinuous use of such equipe
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sant. This {s rere, fortupately, and each {oetance wust be sccepted us & rval

-cheallengs to the ingenuity of the designers of processes and equipment, since it

1s the persistent, pagging evidence of & departure froa sound principles of
doth (ndustrial engineering €od esvironomestal hygieve., It 15 & Nunction of the
process engiossr to Gesign ha equimment of producticn tO secure the saximm ia
efficisncy and econoxy of producticn, consistest vith the safety of those who
carry out the cperaticos. The cootributicn of the envircomestal {industrial)
byglene engineer, in thie relationsbip is to secure the safety and the maximm
of coovenience and comfort of the workmes, to the end that they absll sustain
00 ixpatrment of their capecity to work becsuse of potential dangsre of their

cecupation. -

o Basis for the Present Position of the Lead-Us rise_in Metters
ustr Madicine and ene
the preceding discussion it has been pointed out, vith scme emphasis,

that there are nov satisfectory criteris for the identification end eppraisal of
dangerous occupetiocnsl conditions, vith respect to cccupatiocnal exposure to lesd,
and that thare ere methods for the complete sliminstian of the danger of lead
poisoning from industry. The proof of the corTectness of these statements has been
furnished by those whio bave made effective use of the criteria for the Gifferentis-
tion of safe from dangercus conditions, end bave exployed mwthods of esvircomentsl
econtrol through vhich these criteria bhave been met over periods of mars. The .
bald fact which samerges from these statenests is that despite the avellsdility of
adequate peans for the preventics of lead poiscoing, the industrial users of lead
snd 1t compounds 1o this coumtry nov permit the occurrence of leed polscning
aacog their exployves, while our eociety s willirg to accept & certain toll of
1liness, and & sacrtening of bums life, while resping tbe benefits of & largs
saries of industrisl products. :

The questicn vith viich a1l geztls and responsidle people are coofrouted
&t this Juncture fs--4hy sbould these things be! BScme partial ansvers to tiis
Questico are worthy of considersticno, not €0 much for the appessensat of our
collactive guilt, as £or & cloarer view of the vay vaish lies abeed.

Pirst, shat 1s trus of the leed-using industries 1is true, in greater or
lasser degree, of all of the hazardous tredes in the lbited States. The evidence
18 Dot 28 clear, in meny of these, as 1t s in those invoived in the use of lead,
83 o the satisfactory means for coutrolling the hetard, bdut the practices of
1odustrial medicine and hygiene are hardly ever ¢o & Jar vitha the knovladgs that
1s aveiladle, even in the most forvard-looking sod best inforwed industrial eircles,
while, in many otbers, perforsance lags far bebind knowledge. There Ls prodadly
00 State in the United States 1o which there {s £ot & very vide difference dDetween
those industries in vhich the prectices are good and those in vhich they are lase
2004 or actually dad. If this is the cese vithio oertaln outstandingly ective
States, 1o matters of industrial hygieoe, there {s en even grester divergsnce
aoog the States, scome of which cocupy e primitive place in this setting, sod
maxe bardly & gesture tovard ccoupatiooal health, (It 1s for the latter resasca
that our sootety &8 & Whole cannct escape scom share in the responsidility for
the poor quality of industrisl hyglene that 13 to be found 1o Bany areds of the
ocountry. If the goverument of the le s Molly or partially ucavere of fts
ocbligations, the people too are blind.) It s bardly to de expected, therefore,
that the leed-using industries should out-distance industry in genersl, in {ts
hygienis performence, degpite the fact that bumas experisence ia ths handling of
lead 38 014, even aoolent, vbile that asecciated vith many other materials e ia
its infancy., There {s 6180, 84 has been sald previously, & very grest variatica,




anong the lasd-using industriss, in their faxiltarity vith the prinoiples

snd applicetiocns of indusirisl medicine and hygieose. B8ans bave set fine exaxples
1o performance, others have resisted sucoesefully every effort to vin their ad.
herence to good practices, vails st{ll others bavs engaged io the production
(mostly of rev products) vithout even aonsidering scy seed to protact their
ezployees sgainst leed polecning. It 1s all too evident thet the principles of
§004 Bedical and engineerircg pructice in the Assrican industrisl camwunity are
extremaly spotty ia their disseaization snd spplication, and that thers csonot

be 8414 to be en effective professiocal representation of industrial medicine and
hygleos within the industries of this coustry. This {s alzost equally true, at
present, of state, County and municipal bealth dejartoests, despite the existence
of poteble excerticos to this generulization. Unler thess otircumstances, it is
DOt surprising that there 1s littls by way of effective ixplemantation of stete
legislation in matters of industrial hyglene in many arees of this incressingly
industrialized country.

A secard feature, shich goes far to explain the laxity of hygissis
performasce in many lesd-using industriss, is the frsidious and oftes mild
charscter of the iotoxicstica induced by the edscrptica of noderste quantities
of lead. Meo who themselves bave vorked for mazy years in lsad-using induetries,
add bave swpervised cther voriown, resesder the mazy men w0, Seaxingly, bave
escaped {1lness, or bave Dot been seriocusly dissdbled, and forget the smaller
pumber of men Vb0 had severs cases of polacning, &8 well &s the larger oumber of
Ben Who vere off vork from time to tine, but reluroed egain and sgain to the Job
with whiich they were familtar. (It is usually is this latter group--those who
bave suffered repested attacks of leed intaxicatica of varying severity over a
paricd of ysars, that our cases Gf egvere and often permsscxt disadlemest--encephal-
opathy and palsy--are found. Despite their relative infrequency these cases still
occur.) The vetersos in the industry, especially foremen and superintendests in
the older types of placts acd cperstions, vill recount scoe of their earlfer
experiences, eod insist, vith truth, that presect cooditiocns sre 80 wuch isproved
68 to bear littls resenblance to those of en earlier day. The fuct is that the
peoalties of compensation costs &nd the stress of perscanel prodblass, including
collective dargaining, have focused an incressing smount of sttention upoo the
hyglenic prodlems of the leed tredes, and have resulted in grester and more
videspread effcrts towvard ecvirconestal cootiol., Many of these offorts bave been
poorly directed tovard 11l-defined gosls, howvever, and dave echieved varying
Segrees of LUprovesent in the occupstiooal canditicos, vithout eliminsticn of the
Bazard. What has occurred, therefore, bas deen @ feirly genersl reducticn in the
saverity of the cases of lesd polscning, vithout & proncupced effect upon the
incidence of the dfgease. Thus it 1s that cases of leed intoxicstico still occcur
1o vell-estadlished industries. MNoreover, &s this metal and 1ts compounds find
their vay steeldily into Dev uses, an {ocruesing ounber of workmen are being mide
Jected 2o insdequately ccotrolled cccupational exposure, sod the decreases in the
inoidance of load polscaing, 1n scme segmnts of industry, are cousterscted by
increases 1a others.

A cureory exaxination of the foregoing statensnts would sesa L0 fece
us vith an old and frustrating 4ilemsa oo vhich many sttempts to eolve the leed
prodlsa in industry bave bogged dovn«-panely as unprediotadble variadbility ia
human susceptidbility to 1sad polecning. This, hovever, 1is not the cese, for
something Dev and decisive bas been 84ded t0 our knovledge In recent yesrs, vith
the sanssing of ovenhelning evidence that, vben the rets of the sdeorption of
1lead by met 10 kept vithin certaln wvell-defined linits, o intoxicetios coours.
It is this fact vbich sets the atandard of {ndustrial medioine and hyglene which




it

' whereby occupatiooal exposure to lead can

pot al) persona who are s jected to & dsngercus degree of exposure to 1eed beocme
411 at the sane tinme or even ultimately, but all are in danger end may beccme 111
o terly unpredictadle tine, and, es the severity of the exposurs is found
to incresse from cné COCUPeticn tO ancther, the pumber &nd severity of cases of
polscning incresse, These cases occur within e definite rangs of Ordisary bioe
logical variadility, fitting therefore into the usual pstterns of biological
phenomens. Even more importactly, for cur professicoal peace of mind, st o

tioa of the evidence ca whiich it is desed, may be represented briefly in the
followring sumary,’
(1) Toe pesns by waich ocoups
differentiated from that whiich is barmless
the practical test of time and use.
(2) Methols, Gerived sssentially from

1lizits of safety. These have proved thefr
general spplication.

“(3) ./ The cacdined ‘modern armscentariua

80 4pplisd as t0 elimimte 1cad poiscaing from Americsn industry, wbes the
daternination to G0 80 has becoms & geersl policy of industrial macagemsst
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The Klectris Storage Battery w Manager, Industrial Rygleoe
and Safety, Putladelpbis, Nennaylventa

The maber 0.2 bas a special significance in leed adacrption ocmtrol. It is
the Threahold Limit Value (or TILV) for lead. The YLV 1is the Concestrstion et whioh
alr of the vorkplace becomes & possibla deagar to the bealth of
the vorker. It {s an aversge value about wiich the cancentrsticn mey fluctuate a8
loog as the fluctuaticns axe not excesaiws sod the time weighted aversge does oot
exceed the limit over as 8 bour pericd. Whast may be considered excessive Sepecds on
S mmber of factors the chisf coe Deing the nature of the actica wvhich the material -
bas oo the body. You may elso bave bevrd sbout Maximm Allowadle Concentrsticos, -

are sttempts tO measure the sems thing as the TLY Lut sametimes with & slight
4ifference. The Maxismal Acceptadle Concentration (es published by the Amsricen
mnmzm)uuwr 1isit of etmcspheric contamination which should
sxceeded. hml«mmquutmdm.m. Ve try to sty uwds?
o. w langth of sxposure. .,

m-mm«mammsm«mm,.w‘w
By set up two classes - self-policing and non-self-policing. Most of you are quite
funilisr vith st least coe mesbar of esch of these classes. Bulfuric ecid mist hes -
& Threshold Limit Valoe of L mg. per cubic meter and exposures to high conoentrations
. can csuse inflammmatiocn of the upper respirstory tract. m:wmmumm

2

conceTning
testadle levels. 8o lsad 19 non-self-policing. mmmmummd
»mmwm

uwrise delta-smino-levulinic acid levels. All these are affected by laed sxposure
. 404 can De used to effect scme messure Of control but they are evidences of intere
r.mowwumaou-xmumermbwmm. Yo fesd that

Every month every employee who bas more thaa & cesual ccutset with lead sends
urine sasple to the Industrial Rygiene laboretory in Fuiladelphia. 7Tbe urine leed <
level tells nothing concerning the condition of & man'e heslth, It escnct be used
83 evidence of lesad polsoning sxoept, possibly, at very bigh lsvels. et 14 does
40 1» veflect & man's exposure. Ahmmhn!duummnmuymu

1264 potlsoning but it most sssuredly dau umm cmuln mm. e -

® Presestation msde et the 1963 Mall Meeting of The ummm ot an u“aq
Wsufecturers, Ind., Sovesber 1963. Cutoego, -

N 213.02
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The ESB progres includes air ssapling for lead. PBut vith the increese in
urine sexpling the importance of air sazpling bhas grsduslly decreesed. lJost eir
soxples attexpt to duplicate &8 nearly a8 possible the conditions in the bresthing
sone Of the vorker. The results must be extrapolated to cover & full day's vork
to deternine vhether the man's entire exposure excesds the TLV. [Even vith many
sarples to cover &8 much of the job sa possidls the oversil exposure ie guess
vork. With urine sanpling the men himself can be looked oo es the sszpling device,
The air sexpled 15 the air sctually dresthed. Tbe oaly trouble 1s thst all people
don't sbsorh end excrets leed 1{n exactly the sane vay. Urine leed concestratica
under sina{lar exposure conditions variss from pereson to perscn and even from day
to day for the same perscu. But in group exposures urine sexples sod air samples
wvill follow parellel courses and the urine samples will indicate aversge air
cor zentretions.

It is unfortunate that individual urine levels 4on't alwvays follow air
concentrations but there {s cos way to compenssts for this at lsast partially.
Urine specific grevity messuremect gives & rough fodication of the wvay all materials
in the urine are being excreted. If the gravity {s lov {t ¢ an indication that the
lead excreticn rate $s reduced. 5coe lsborstories make it & practice o corTect
urios lead levels to & standard or aversge, specific grevity. This is usually
1.02h, We don't make this correctica because there 40es DOt appesr to be any sound
scientific basis for 4o 1t. (Also 1o our experience 1.02% {s too bigh for ea
aversge specific gravity.) To xy knwledge the practice of correcting for gravity
1s not followved for any other substance messured in urine. Ve 40, however, tsnd to
1goore saxples with low grevities and the lover they are the less reliscce is
Placed oo them. A single lov gruvity csn be ignored dut & cousistent run of low
gmavities on one individual means that ve get 00 reliadle determipation of his lead
exposure. The ceuss of the lack of concentrstion saould be determined to see 4T
there is anything wvrong vih the man's kidneys But 12 the sesntine ve veed sine
pesgure of hie lead adoorption. This 26 coe of the sftuations in vtkh we turn to
blood leed spalysis. In this case the Y1004 1944 1g used 68 & substitute for e
urine ised datermination. .

The Y1004 determinaticn bas another isportant function < the confirmatiocn
of & diagnosis of lesd intoxicstion. As menticoed previcusly, urine lsed levels
Teflect exposurw and adsorptica but tell very little about its effects in tde body.
The effects of leed are very much more closely related to the lesvel in the blood.
A concentration 0.080 mg. of lead per 100 greas of b1lood 1o generally regarded as
the danger level. Dut lavels abova 0.08 60 pot sutamstically meen lesd potscning
exists but are referred o a0 levels compatidle vith syaptoms of leed intoxicstion.

A single urine lead 1n excess of 0.20 18 not regarded a8 especially siguife
fcant. Bovevsr, & recheck 1s made and 1f 1t checks out et 0.20 or more, two things
bappen. First, the doctor takes a blood semple for lesd analysis. BSecoond, the
Job e studfed (usually by the man's irmediste supervisor) to see {f the source
of the exposure can be detarmined. Often this 84ded attention from the doctor and
the foreman {8 enough to correct the prodlem. If {t {e pot corrected, the urine
lead vill remsis above 0.20 and the blood lavel vill rise slovly and mntung
exceqed 0,08, At this point (vhen 2 consecutive blocd levels bave excesded 0.08)
the 1ndividual's exposure must be terminated by sssignment tO non-leed work,

Rare iodividuals may reach a blood lesd level of 08 as soca es or before
the urine lavel reaches 0.20, To Getect these People Our progrem includes &
periodio dlood lead survey of everyoos vith sxposurs rogardless of urive lesd levels.
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The blood lead level bas a legnl eignificance. Bvem though 8 lewvel in
excess of 0.00 may not be used medically by fteelf to make & disgnoeis of lesd
poisoning 1t will bDe sufficient to support & worimen's coopensaticn claim for
1sed polscoing. In such 8 situstion syxptams of slmost soy Liliness have bees
coostrued to be symptams of lead polsoning.

The doctor's part {n the follov-up of high levels is important dut even
isportant is the follov-up in the plant. The foreman may de adle to Gctermine
ource of the lead eizmply by wetching the Job being performed. Peopls doing the
Job 4m't 40 the Job in exactly the ssane msncer. FPlates may be piled o &
Ty sliding thea together geotly or sls: ping them Sovn coe ou top of another.
methods generate dust but the second can generste many times more than the
13 the difference caan easily be the difference between & Dormal and
exposure and & bazardous exposure. In drossing & lsed pot, drces can be
e floor or thrown carelessly into & &rum or it caa be cerefully
e drum.
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Job slovly. This may De true ot times and it say
.

than the fellov w0 is alvays ia & harry.
s for speed is wthing dut vasted mctim. +

1f there are some other factors wvhich should de
watched. Perscoal cleanliness is coe of great impartance. I have seen Teascoadly
t the end of the abift snd
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The 1nstitution of dally showers should not be Dearly ss much trouble as
the changs of clotbes because little sxpense is involved. Apparently, though, meay
people 40 pot like taking showvers 60 thers 18 8 real prodlem of enforcemsnt. I
know of & pumber of plants wbere the daily shover 1s nov & condition of employmest.
Achieving this can be troudlescoe dut 1t cen be Gocoe and 1s well vorth the trowdle.
Another fector wall worth mentioning 18 housekeeping. The genersl rules for running
& peat and orderly plaat, apply 1o & battery plant. Of special interest s hov to
keep the floors clean. I have been asked s hundred times wvhat 6o I think vaouwm
cleaners, scribbers, sveeping campounds, etc. I bave seen all of them used and
sany of them misused or dropped in disgust over the results, dut I have also seen
208t of them 80 & good Job. Cartainly plast conditions (e.g. amount of open spece,
0130 of aisles) affect the applicability of the various methods. But I have reached
the inescapable cooclusica that the best method of keeping floors clean {n eny pland
19 the coe vhich the plant pecple vill epply 41ligently snd follov religiously. I
bave seen machines given up in 4lsgust in one plaat, vhile doing sa excellent job
1o asother quite similar plagt, The difference s, that only s balf-Desrted effort
vas aade 1in the firet plaat. ] S

T belleve that all concrets floors should be treated regularly with o !mhr
and hardoer. Dusting concrete 1s unsightly in any plant dut g our dusiness Lt
makes it poseidble to tell 1f & floor is clean. g

]
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When & etuly of housskeeping, Derscoal hygisne and other factors revedls oo
e cbrious source for leed, tvo furtber steps are taken - ventilation velooity

messurements ATe BA4s Aand 8ir ssxples are talen. N0 vestllatico system can de
expected to run indefinitely vithout troudble. In edjustable systems gates are
openad and closed, drive belts stretch and elip or dreak, Qucts f1ll with &dust,
etc. Ve maks an angcual check oo sll vertilatioo systems whether troudle {s suspected
or pot. Vent{ilaticn pessuremeats can be very coeplex with pitot tubes for messuring
Guct velocities, messuresents of static pressures in ducts, calculations of duct
losses and fan horsepover reqiirenents. But moet of this can be left to the engineer
who denigna the system. What (s necded 15 & measuremant of velocity at the polnt
st Vhich dust §s genersted. A saall velcmeter with sceles of 0-200 end 0-850 ft/min.
18 Quite satisfactory. After the meeasurencris Are mr4e they must be interpreted.
There are no axact standards vhich cen de applied, The firet thing to look far is
any cbange from past resdings., If there bad been no trouble vith lead oo & specific
Job in the pest end {f urine and &ir sasples bhad run lov it {s & ressonadle sssump~
tion that the ventilation velocities vere satisfactory end any changes nov messured
should Ve regarded vith suspicion. But this doesa't help vben setting W bev jcbs
or in situstions where samething other than ventilation may bde the csuse of the
troble.

Ooe way to spproach the problem of setting air welocity requiremsnts 1s to
meia thes 30 high thet they are sure to 40 the Job. Thie will work dut in cocler .
climates there 1s & very redl problem of heating all the air wiich the vestilatiom
uses. Also ventilaticn can be stroog enough to suck up beavy objects such as
moumdrwtmﬂmdntm.omtcmrjebuwmm

Bovever, there are & fev dasic principles to reaesder. 1) A perecn's
Bovensats 4od Opend windovs can generets eir flow velocities of T$ ft/ain. or more.
This vill cause air and dust to be bdlowvn out of & hood if the bood velocity s not
adove this. 2) Velocity must be measured vbere the dust 1s gesersted. If ea
cperation is 1o front of & hood, the velocity of the hood will not give an accurate
indication of 1ta effect because velocity drops off es distance in froot of the hood
incTesses. Tike the metsurenent &t the Job. At tines it may be Decessary to mpedsure
at the hotd sod guess &t 1ts effect vhere the dust is genersted. In msking such en
estimate It pust be rwmesbered that velocities fall off such more rapidly vith
distance fros & small opening than from & large coe. 3) Ventilatiocn sust De dee
signed 80 that the air 1s ot carried through the breathing tone of the vorker, If
& BAh csa Ut his head in 6 ROOd Over the vork and breathe sir coming from the work
you might 85 well not beve any vestilatico except for the protecticn it gives otinre -
1o the ares. Ia geoersl, 1t might be stated that 200 ft/min. is s good velocity
for leed dust and fume coutrol and 150 ft/min. scmetimes does & good Job but et
tinmes & far bigher velocity may be needed.

In additicn to changing the Job pethod, improving bouseXeeping snd persooal
hygiene and ueing vemtilation, thare 18 coe Otber wvay to reduce lesd adsorption - use
& respirstor. A suitadle respirstor properly worn will {8 moet cases terminate the
expcaure because in battery sanufecturing the major part of the lasd sdsorded enters
the body through the Jungs. Even 1o those fev cases Where a considersdls asount of
leed 1s Deing absortd by ingestion, the reduction {p respired lead may bte enough to
Feduce the exposurs to & safe level. Unfortunately, the tvo conditions of suitsdbile
ity and proper use are not often met. The reepirstor sust be an spproved type vith
oa approved filter, Thbe approval is By the Durvau of Mines and it tnsures that the
respirstor s suftadle for protection sgainst duat not significantly more toxie
than lesd. This spprovel s for dust only and extremsly fine particles like lesd




fumes vill not be stopped by & dust f1ilter. There are f{ilters availadle for the

a renoval of Qe snd in some Tespirators the fume filter is directly ioterchangesdle
with the dust filter, But to filter finer particles the fume filter must have
soallar openings 80 sir goes through it with grester 4ifficulty. This results in
increased breathing resistencs and & grester filtsr ares 1s needed to keep dDreathing
resistence vithin ecceptable limits. Ia prectice fume filters are used culy with
respirstar face pieces with dual filter holders.

A far more lmportant problem is that of {nsuring thet respiretors are wora
properly. IDvery approved respirstor is supplied vith instructicos for its use.
These instructicos are almost pever reed by foremen or by the men W0 wear the
reepirators. A respiretor doesn't £it sutomatically everytime 1t is put ¢o. It
st e tested for fit (as descridbed in the instructicns) snd sdjusted uatil {t
does fit. This takes oaly seconds,

Ges mask camnisters end chemical respirator cartridges are gredually used wp
48 use and eventually leak. ‘The filter in a dust resplretor 1o Dever used Wp in
this sense. As it gets dirty the pores £111 up and the filter gets dDetter and
better but dreathing resistencs increeses. Filters should de changed befors dresthe
ing resistence increases noticeably pot vhen they begin to look dirty. Howerver, s
respirstor should bde cleaned every day and cleesning timse 1s & good time to changs |
the filter whether It is eapecially 4irty or bot. After wetching a good many
bundreds of men aaking batteries, I have made the statement that if I could take
xY pick of thess men I would run @ battery plant without ventilaticn end not ba
sny troudble with leed polscaning. I wvas trying to be drumatic end weot a Dit over-
board dut as I think adout it, I sa not at all sure that {t coullds't be &one. Some
Pecple appear to be bl to tolersts lasd exposure better than others. Vith encugh LI
of these peopls all bdut the vorst exposure could b fgnored. Bt there 1s & detter -
way which 18 to use people whio can work without retsirg clouls of dust. As X
menticoed before, people's wvork habits vary as mxch as their sensitivity to leed.
Ve don't knov bov to chenge the sezaitivity and would be reluctsst to experismt
with (¢t 1f ve 414, T\t ve &0 kmov how Lo changs work babits (although with ecme
people 1t may be Q1fficult).

o
|

The vay vork hadits are changed {s through trejoing. The mas to &0 this
training (s the superviscr. If be 1s going to change the wey his peopls work,
must knov hov they work and wbat 1s vromg vith 1t. It is amasing b
koov about the details of the Jobs wvhich people are doing undar the
I belisve that there would e & remarkadle improvenent in housekeeping eod
absorption 1f every foremsa would, oo saxe Dericdic bastis, watch every 4etatl of
every Job in his depertasnt. Too many foremen think thet 4oing & good Job meens
being 15 moticn 8l the time. They spend too much time doing things which
esployees should be trained t0 do. They've got to underetand that thetir Job e
vorking vith pecple and helping theee peocple to 4o & dDetter Job and the way they
4o this is through cooatant instruction and trsining. If we get this point ecroes
ulian’t culy health and safety that 18 going Lo isprove but the whole opersticn
will improve.

In comolusion, I would 1ike to very quickly rete for relative hatard some of
the Jobe found in & storsge Dattery plant sccording to my experience vith thes.
Anong the vorst jcbe are making of handling oxibe, reclaiaing lead 10 plates by melte
dova and most Jobs {pvolving bandling of plates. Jcbe fovolving molding of perte
and such things as post and connedtlor burning in meny ceses can Almost Do Tated a8
non-1ead Jobs. Lead cannot be absorbed through the skin so0 there 18 po bhasard ia
handling lead or leed parts. :
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