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TXETPIAL HFALTE ASPECOTS OF 1EAD COMPOURTS

Xy Do G. Fovier, ldrectar of bealth and Bafety
lead Industries Assccimticn, Inc,

£52 Meliscn Avenue, Bev Yok 17, B. Y.

Por presentation st the Nsticpal Safety Cowmeil « Labar Sectiom,
Anecaal Meeting cn Tueedsy maraing, Ostcber 30, 1962, Chtoego.

Ny years ago sd vp Wil the early twentiss iz Whis soumtzy, the
use of loed ves extre Dasardcus ia inSustry end poiscmings weze She uls, They
were axpected. BNov such {s no longar the sase. I sm Jroud t0 Ve ¢ mmmber of
the prefession which bad a grest Gsal to 40 vith the rwversel of this situsgics.
nnwwmmmammumu
1eed poiscning trend, for this b was & good exampls of cocperstiom by industrial
ptysicisns, toxicologiste and hyglsnists. Perbaps the dxy offcrt wes thet of
w,dnuwmu-mmmumm
seying s0.

Dus $0 time limits, 1t will act, of ecuxees, D possidlis t0 eover Sa &
eaplets manner all of the varicus leal-wsing industries and the varicus scatral
srthols required to prevest wiue bumes exposure. Thersfore, we vill discuse
this morning some of G knowledge of the affect of ised on the umma aystem
with especial refezence to intustrial exposure and them procesd %0 ¢ JRilcecphky
of eantrol for humem exposure in infustry which sbhould spply geosrelly.
Toxicology

Becsuse lead exists evernbere and in all biologieal organisms of whish
ve bave knovledge, 1ts control in the humen system ocosists firet ia Whs
Tecogritim in quantitstive mszoer of wbat 1s normal or weual and, following
Wis, the meesuremsnt guantitatively of the edditicmal body burdes imposed
Wy the particular sxposure. Oenerelly, toxicologiste work with smell
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oxperimaptal enisals such as rede, guines pigs and redbits. This 45 most
BOOSOEETY Doteuse they WSS Ovr-0xpose ia ordsy %0 (starmine Somis Tenges
from barnlass %0 harmful. Ideally, of ecxuse, Scxisclogists sbould be e b0 | 3
vork vith human Deings since the effect of the msterial wnder investigstics
alvays st be related 0 & humn end 13 {2 Wil knowa st 20 experimental
sziml epproximtes scffisiently the husta reactica. 1eed bas, of sourse, dees
nbjocted to niml exparimntatios ascy times ia the past 1k, 1n addition $0
@i wrk o enimals, I wapt $0 menticn t0 you some of the Wmigue bume &xposTe
eaxperizents which have Deen owrried B 45 this ecuntry simce sdout 1507 st the
Kettering laborstary 4in Cincimeti. Interestingly eocugh, the mais reascn for
the initistics of these TxPerimects vas t0 investigate 1ia every wy the wse of

‘ tetranthyl 1eed o8 & gescline additive end 1ts offect co the health of vorkars
1n e industry end co the bealth of the generel populstion. As far as &
taxic isvestigstion 18 ocooerned then, lead hes deen the sbject cf sn 18eal
study eaotiouoosly since 1927. Ve may say st this point that 1o othar material
in use 1in the acdern wrld has bees more capletely and more tharoughly ia-
vestigated from the standpoint of Luman heelth,

Brisfly, the Kettering experiments were first involved vith the ingestica
deazard md were carrisd out by means of controlled feeding 42ily of known
aoxts of lsed in foold spd Deversges 0 humen mbjecta. Thess experimcmts
were carrisd 00 cootizuously for some eight or ted years wntil a veast f\md of
Qguantitative knovliedge was accumulsted. Theu, the more ecmplicsted inhalstica
operiments wvere started and these ere still being carried an. 8ince these
Tessarches a8 weoll as thase of every other investigator Lo the £1s14 hawe showm
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that, st leest co the industrisl soans, the most isportant hasard potestial $o
be from the ishalstion of finely divided particles, we will pass over & &iscussicn
of the ingestiom experiments. Suffice 1t to say, bowsver, that the ingeetice
experimants 414 provide a most Laportant base-live for the wdsrstepding of the
metadolisn and fute of leed 12 the humen dody.

Inoving that all bumens omtain oxrmal smounts of lsed in their bolise,

1t Deoccmss mecessary 40 sscartaln thst normal smoumt Defore ey sxposure

experiments worthy of the pame of Scisnce oap De initisted. In order $0 malm
this deterxinsticn, sech eaperimsutal subject is fallowed for en sverege of coe
Yoar defcre the sxperimspt stsrta. Be 1s followed in this msoner. All of his
food 1s mnalysed for lsad. All of his Deverage consuption is anelysed for lsed.
The air that be bresthes &uring bis eight-bour exposure pericd 1s analysed for
leed. All of kis bodily excreticns ere analyrsd for leed. As the experimsstal
sdject carries oo his work st the ladorstory iocstico 1o & small rocm equipped
s sn cffice, vhich roms serves as the exposure chasber, it s & relatiwly
sinple matter t0 determine the sacunt of lsed be inhales Suring bhis esght-bour
working dzy. Wbat lappens éuring the cther sixteen Bours of the day can caly
be spproximeted, but has been checked by testing the air in apd abot the city
of Cinoimneti, where oll these experiments have taken place. Think, if you will,
of the magnitude of this undertaking. During & subject's eight hours in the
laborstary, St is a relatively simpls mstter for the investigators 0 snmalyse
all his foods and deversges, plus all of his bodlly excreta. Bowever, Suring
the sixteen Bours thet be 1is svay frcm the Jcb there are & grest maxy casplicstions,
tut & satisfectory procedure bhas been estedblished. If the subject should est &




- ; Testaurant msdl, he arders & &xplicsate. The &plicate 1s Placed 4n & lesd-fres

: ecntainer and drought bBeck to the laborstory. I the sibject vents & op of
ocffes or & ocks, he arders two ocffess of two cokes as the case may be, sod
trings coe dack 40 the labarstary for amalysis. Similarly, sll of his excrets
are saved and drought deck to the ladarstory for amalysis. And, as I eaid
evicusly, this goes cu for & yeer in each case befcre the experimsntal
exposure starts. At the end of this yesr the lsdarstory has s tharoughly-
Socumented data sheet covering Just adout everytbing that csn De knowa ebout
tis 1ndividual end his leed body burden. Of cowrse, clinical and bicchemiocal
spalyses mre coutioucus sll during this pre-exposure period sod Suring the
exposure period as well; for instance, & Dlood saple {s taksd cnoe & week, at

. least, and other sxaxinations including beart, lungs, spd so on, are contiDucusly
mede, I might manticn here that the sbject i Tollowed for st lsast this long,

and usually looger, st the terminetion of the experiments to maks oertein that
pothing s miseed which may be of significsnce.

The thoroughness, sccurscy, epd precisim of these before-dsscrided
experinents which, I believe, without precedest in the worlld of Bcience, bawe
1e4 over the past thirty years to a tremsndous fund of knovledgs sbout leed
ond 1ts effects 1n the human sywten—-knoviedgs which in every case 1s quantitstive
sd significant. From these experiments and their 4sta gstbered in the Ksttering
ladorstory and elsevbere, vo have a picture of what bhoippens t0 lead when it L8
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taken into the human body. Ve know, for instance, thst the aversge adult dboldy

caotains & total of st least 80 ng. of lsed. Ue knov that the sversge afuls
ingests about 0.3 mg. f lead & Ay from his food and beversges, 505 of wbich 1s
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elixinated via the fecel tract. Ve knov the ncvwal renge of veriatioem of
1sad otmeentraticn in the Blood and the urine. Ve know how much leed $% takes
vis the inhalstica route totlp this belance over into an excessive decryticm
or intoxication rangs. Ihe picture then is of & uman Doldy which sandains &
oartain mmount of lsed Aistriduted throughout 2ts organs and tissues 4n & fairly
well dlue-pristed mammer sod which dody takes in & ocertein emount of lead ia
8 unit period of time and eliminstes 8 oertain smouat of lsed 12 & wnit of time.
From the results of these axperiments, and others liks them, certais stapdarde
for leed exposure have been set. For instsnce, there is @ drinking weter
standard that spplies throughout the United Btstes. There 1s an eight-bour per
Sy industrisl exposure standard for lesd i the air of workroams. All of these .
standards are dased on logic snd experisnce and are susceptidle %0 edjustment
aithear wp or dowmr, o8 fucts gy &ictste.

May T point ot €0 you st this time that, although xy subject 1s laad,
Bost Of wbat I & saying todsy, 88 far as body tarden and known smounts are
copcerned, will epply to all cther metals end many, meny cther sbetances spd
msterials. In cther wrds, lsad 45 not alone 4 being found as & normal

ocnstituent of the humen doly.
Thus vo may sée the tremendcus belp thst the Scisnce of Toxioology gives

those of ws who are Scooerned with prevention apd coptrol meesures. Ve ses
that Ireventios measures designed for & 100% eliminstion of leed, or anything
else for that matter, will de frustrated at the start snd ismpossible of echisve-
mut. Adequate emplayes protection yequires thst standards end goals be set
and that recognition of the facts in 8 perticular situstiom 1s sdeclutely
DOCeSSAry 1n oarder to control wbatever the exposure may be. As ve have been
discuseing, the situsticn vith Tegard 0 1sal is particularly fortumate in that
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Knowing thes what our Judgesnt criteris will de, we may then exaxine the
situstion that we wish 40 eantrol, heeping 4n xind always that the magnitude
of the hazard 4s 12 almost direct propartica to the amout o fine ieepirsble
Gust or fume that we allow to oonteminste the ares. Ventilstion, respirstors,
wtting 4o of srfaces end fine povders, oamplate enclosure of Procesess
and 80 forth, are sscng the enginsering tocls st our disposal for comtyol of
the sxposre.

8ince, a8 we have alresady pointed cut, we oan Dever achisve sbeclutes or
100§ control of eliminatics of sny toxis o forelign msterisl, we must bawe
mslicsl supervisiom for cur employees. The industrial physicisn performs
several fumoticns which are not necessscy to mentim i3 our presext discuseiom.
Eowever, of prims importence t0 us snd to the physiciaa is his functios in the
prevention of excess sbearpticn of the toxic material, in this cese lesd. Ne
will usually need mcesures of bBlologicel fluids, notebly the dlood el the
urine. Buch measured should De made before any Job exposure and et routine
intervals &wring the exposure. Buch guantitative msasuwremsats axe not, ia
themselves, Siagnostic of axything. They are merely aids to assist the jhysicism
in the periodic clinicel evalustion of the sxposed employee. With adequste
soginsering ecntrol measures, clinicel exsxinstion of exposed emplayees will
be pegative, hen these sxaxinations reveal otharvise, there bes deen &
failure in our eantrol aystem. Today in the leed-using industries, there
ared’t mny failures ncr sbould there de.
Coctrol Measures

Vs bave analysed whiat seem t0 us t3e various characteristics which
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appear when 1acresssd ebscrrtion end poisonings oocur 1o infustry. JFrom this
enalysis we mxy say that there sppesr to be four such eberscteristics whiich are
presest i which cperste scmnbat o8 & shaln of evewis, Which vhen precent ol
o o the undesirsble effect of increased sdecrptica ia the human gystem, and
the wnfavoredbls weet of balsnos which we bhad previcusly msoticesd in the dumem
system. Thess four charectsristics, 1% seems t0 me, Tepresent & ehais whidh
axy deo drcksn by the applicsticn of proper scotrol meesures, o8 we will cutlise
proeetly, sy ane of whioch will operste 0 refuce the effest and eliminste
wnecessary sbearpticn spd metal poisonings. You vill note that I em speaking
Bov in general ebat All artals Decsuse the eeme principles thet apply $0 lsed
Protecticn also apply to increased ebecrption end protection against polscmings
from exposure t0 otber mstals.

Lat us 1ist these four charscteristiocs whish we haw foumd %0 Be &8
opereticn in every infustrial situsticn vhere poiscaings have coourred.

(1) There 15 exposure to encugh of the metal.

() There 18 poswre to the right kind ar the right form of the metal,

(3) Toere 15 insdequste protection for the mem.

(\) There 1s & characteristic that the infividal 1s i & physio-

logical state of readiness to suffer & toxis effees.

The first charscteristic, that there must be en exposure, or exposures,
to mmough of the metal, 1t seems, 1s perfectly cdvicus end ased hardly de
meoticned. And yet, maxy times ia our experisnce jhysiciams, meoagers asd

othere in industry will ssy that the m3an hes lsed poisoning deceuss he is working

vith & lead oampamd. B8inoe in modern civilised life apd in modera industry
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svaryans of W every Gay cames ia oamtart aoct culy with lead end lesd ocmpownis
but with ircm, epper, Aluximm, menganses, spd so Surth, sll of which Dewe
omsed poiscnings 1n the bumsa sywdem, it 15 sether silly $0 allegs that & mave
exposure 50 8 Wetal Tesults, or has resulted, iz e wotovard offect. I wm
remmber fram our discuwseicn of the Ksttering experimssts that the bxamm xyvien
oAaing ¢ sertaln smomt of lsed in & eort of Qyvamis eguilfdriumm sod thed
Gally iztaks 1s belanced by Gally excretioa, and thet samplets elixivesiom of
aposure $0 1sed, or sy other wetsl for thet astter, is s engivesring smd
esonoxis 1mpossidility, we will realise that or ecmoerm in ecmtrol of poisce-
ings st lsed us to more precise epslysis of situstions them is repcesecbed
%7 the msre 1dentificetico of lesd (or other metal) in the lmwdiste epvircomest.
The second charecteristic of an industrial poiscaing situstion, thed
there must Do exposure to the right kind or right form of the astal, 1s again
really quite cbvicus, But o meny times the dbvvicus 18 ignored or forgotten
wen pressures are brought $0 besr end snxiety evters iato the situstice. For
instapoe, 1in the finishing of sutamcdile bodiss, the lsed solisTed arees are
smoothed over $0 eliminats surface imperfecticns defore the painting cperstimm.
When such filing and sending is performed mammlly, that 18 vithot power Soals,
hmaummdwmhmuh;m

12 vhich the particulate sise 15 00 large that it camnct be frbaled. Twre &s,
erefore, littls or 30 EPose $0 lead in thess situstions. WUe oculd oite
sany other examplas, such 85 the well Xnowa fact that galsna ore, which is lead
sulfids, appears t0 soter Anto the hums system with &iffioculty and, ccoseguently
poisonings from exposurs %0 this material do mt comw.
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e tAird charecteristis, that protection for the men 1s always inadsgqute
in a poiscning situaticn, 18 anctder cbvicus charecteristic whish may be forgoteen 3

in prectice. I give you the sxapls of & well-fesigned ventilstion system
Temoving hazardous mounts of mterial from the alr before the emplayes
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ever bas a chance 0 inbals it. THe sxposure potentisls exist osrtainly bus
the maa 15 protected snd my work vithout 1)) effects even Wile surrounied Xy F
high conosntrsticns of Daterisl. The explcyes sy be Provided vith respirstcry
proteciive Gevices for exposures such a8 metallizing. Or be may work in en air-
ocnditiomed erune osd in 8 foundry, a8 sncther exampls. In all of these situs-
ticns he 4 swrrcunded by Dasardous moxmts of hazardous kinds of materisl amd
yot b suffers o 111 effects.

The fourth charscteristic is coe that I have labelsd s Jhyysiclogical
stats of resiiness to acoet and Teact sdwversely to the metel. This 4 s
charecteristic which I 8o not like to introfuce becsuss I can't explain it epd
becsuse 1t 1s Qifficult t0 cootrol. I think we bave all seen exanples, howevsr,
whare cne or two men cut of 8 wrkforoe of & dosen vill oome 4own vith & ocase
of peiscuing 1n e work situstion where all factors are camco throughout the
area. There are probedly good explenmtions £or such occurrences but they wary
vith the situaticn and the individual. I sppose it would be $deel 1if all of
us reacted in exactly the seme marner t0 cur envircrment o thst a single stendard
vould apply and thet euvircmmental oaotrols eould be spplied as {in en exact
scisnce. Phalloscphically speaking, this might maks for & sertain momcbony in
life, Bowever, o4 I said previcusly, it 15 & rere industrial situsticn 8a
Wiich everyons rescts in the same mancer and to the sems extest whem & doxis
{nsult strikes,
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I bave found that the wse of the edowe Your charasteristics %o Oevise
oaptrol measures thet will aid in the prevention of exoess sdearption of wetals
15 & handy msutal ecnoept and really belpd $0 elarify & situsticn which may e
confusing st its firet coeet. JFor instance, we find that in most sdverse
i{ndustrial situsticns wbere poiscmings snd sxoessive @bscarpticns 1o men exist,
all four of the above charecteristics are opsrating. Ry removing or oaotrolling
sy cos of the sbove, the effect 1s thet of breaking the toxic cbain end poiscming
o5 langer results. Bogineering of vemtilsticn systems, process changss, intro-
duction of pev or sbetitite ocapamis or msterials, improved housekseping,
Dotter msterials handling techniques, syrtesstically-controllsd provisicns for
perscoal hygless, and enlisting the cooperstics of esglcyess by frank axplanstics
of the bazards sod oontrol means proposed are among the most important mwibods
%0 de used.

Ve Bave attespted to cutline for you present day thinking ca the taxicology
of lead and the way this thinking influences those of us canoerned with Ireventicm
eod hasard cantrol functicns 40 industry, And I believe wo have shom the
Decessity for dsveloping in infSustrial toxicology guantitstive, or msarured
relstionships betwesn bumsns and their working egvircoment, sod thst such
gumntitative relsticosbhips have been tharoughly estedlished for lsed sxposures.
This, togriber with the fact that most of the sdverse leed exposures in industry
today are the result of alrborne msterial of respiredls sises, bes led us to
ot epalysis of the four industrial charecteristios that ve mwt address our
emmtrol msasures at in arder o susceesd. The amount ed kind of exposure, the
protectics of and physiclogioal state of the man are the impartant facterw,
oaptrol of shiich oad saplats o squaticn of safely.




