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Xy Do G. Fovier, Udrectar of bealth and Safety
Iead Industries Assoccimtion, Ine,
- £52 Meliscm Avenm, Bev Yoxk 1T, N. ¥.

Por preseztstion st the Nsticoal Safety Coumeil « Labar Sectiom,
Ateraal Meeting oo Tuseday morning, Outcber 30, 1962, Chtoego.

ey years ago snd up wtil the early twentiss in this ecmttzy, the
use of load ves extre Dasardcus ia inSustry epd poiscmings were the ruls. They
were axpected. Nov such {3 no longar the case. I mm Jrond t0 Ve & mesber of
the prefession which bad a great Geal to 40 vith the rwversel of this situstica.
nnwwmumummumu
lsed poiscming trend, for this b was & good exampls of cooperstioa by industrial
physicisne, toxicologiste end hygisnists. Perbaps the Imy effcrt wvas thet of
m,dnuwtemummmumm

. saying so.
Dus $0 time limits, 1t will act, of ecmxee, Do possidls to eower 12 @
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eaplets mnner all of the variocus lsal-wsing industries and the vericns soatral
srthols required to prevermt wine Inmes exposure. Thersfore, we vill discuse
this morning soms of G knowisdge of the effect of ised cm the uma aystem
with especial refezence to indwstrial exposure and them procesd %6 e Jhilosophy
af eantrol for humsn exposure in industry which sbould spply geoerelly.
Toxicology

Because 1sad exists everywbere and in all biologieal crganisms of vhish
we have knovledge, 1ts control ia the bumen system ocneists firet ia the
Tecogritim in quantitstive msooer of whst 1 normel or wual and, following
Wwis, the mesuremsnt guantitatively of the edditicnal body burdes ismposed
Wy the perticular sxposwre. Oeberslly, toxicologists work with smell
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sxperimantal enimals such a8 rede, guines pigs and raddits. This 1 mosd
BOOSGHATY Dotause they WSS over-expose ia ordsr %0 dstermime Soxie Twngee
from barmlass %0 harmful. Idesally, of ecurss, toxisclogists should be adle b0 3
verk vith bumsn Delngs since the effect of the msterial wnder investigstim 1
alvays must be related $0 & buman ed 13 {5 wil Xnowm thst 20 experimsntal
apiml approximstes suffisiamtly the humes reactica. 1eed bas, of scres, Deea
sbjocted to mim) experimatation meqy times in the pest Bk, in adldition to0
®is wrk o snimals, I wapt $0 mnticn t0 you some of the Wigue bume @xposTe
experinents wiich have Deen cxrTied co 48 this eocuntry simce sbout 1507 st the
Ksttering laborstary 4in Cincimeati. Interestingly encugh, the mais reascn for
the initisticn of these experimcts vas to {avestigate 1n every wy the wee of
tetrasthyl 1oed o8 & gaecline additive snd its «fTect oo the health of wvorkers
40 the industry snd oo tha bealth of the gemerel populstion. As fur as &
toxic izvestigstiom 1is ococerned them, lead hes been the mbject of an 1deal
study ecmtioucusly since 1927. Ve may say st this point theat 1o othar material
in use in the mcdera world has Lees more capletely spd more thoroughly ia-
vestigated from the standpoint of bumen heelth,

Iriefly, e Ksttering experiments were £irst involved vith the ingestica
dazard and were carrisd ot by meens of controlled feeding &:illy of knowvm
amoxts of lsed in foold snd beverages $0 bumsa smbjects. Thess experisents
were carrisd o8 cootimously for some eight or ted years wntil a wvast f\md of
quotitative knovledge vas eccumilsted, Thes, the more ecmplicsted inbalsticn
operiments wvere started and these are still deing carried an. 8ince these
Tessarches a8 wll as thase of every other investigator 1n the £ield have showm
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hat, st leest co the industria) soans, the most important hasard potestial $o
be from @ izhalstios of finely divided particles, we will pass over & &iscussicn
of the ingsstion experiments. Suffice it t0 say, bowver, that the ingretics
experimants 414 provide a most Laportamt base-line for the understanding of the
metadolisn and fate of leed in the humen dody.

Knoving that all bumkns owstais pormal smounts of leed in their bolise,

1t Deoomes mecessary $0 sscartals thst normal smoumt Defore sy sxposure

experimwnts worthy of the peme of Scisnoe oap D¢ initisted. In order $0 malm
this deterxinetica, sech saperiasntal subject 13 fallowed for sn sverege of coe
yoar deftre the axparimsnt stsxts. Ne 19 followed in this manner. All of his
food 15 mnalysed for lead. All of his Deverege consuption is anelysed for lsed.
The air that be bresthes during bis eight-bour exposure periocd is analysed for
leed. All of kis bodily excreticns ere analyrsd for lsed. As the experimsstal
sdject cerries om hie work st the ladorstory iocsticn 1o & small room equipped
s sn cffice, which room serves as the exposure chamber, it is & relstiwely
sinple matter t0 determing the sacunt of lsed be inhales Guring his eight-bour
varking dxy. Wbat happens dmring the other sixtean howrs of the day cen cnly
be spproximted, but has been checked by testing the sir in snd about the city
of Cincimnetl, wbere all thess experiments have taken place. Think, if you will,
of the magnituds of this undertaking., During s swbject's eight hours in the
lsborstory, it is a relatively simples mstter for the iovestigatcrs to snalyse
all bis foods and deverages, plus all of his bodlly excreta., Bowever, &uring
the sixtesn Dours that be 1s svay from the Job there are & grest many ocosplicsticns,
tut & sstisfactory procedure has been established. If the subject shoull est &
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Testaurant andl, be orders & &xplicste. The &plicate 4s placed in & lesd-fres
esantainer and drought beck to the ladorstory. If the sibject wvants & op of
offes or & ocks, he arders two oaffees of twvo cokes as the case may be, sod
brings coe back %0 the lasbarstary for aoalysis. Simlilarly, sll of his smcxets
are saved snd drought deck to the isdarstary for analysis. And, as I said
Jeeviously, this goes cm for & yeer in each case before the experimsntal
exposure starts. At the end of this yesr the lsdarstory has s tharoughly-
Socumented data sheet covering Just adout everything that csn be knowm edbout
tis individual end his leed Dodly Durden. Of coxuse, clinical and biochasical
spalyses sre cootinucus sll during this pre-exposure pericd snd &uring the
exposure period as well; faor instance, & blocd saxpls s taken cpoe & week, at
lsast, and other cxaxinations including beart, lungs, snd so on, are contiouously
made, T might manticn here that the mbject 45 Zcllowed for st lsast this long,
ad usually longer, st the terminstion of the experiments to maks certein thet
pobing is miseed whiich may Do of significence.

The tharoughness, socurscy, &dd precision of these defcre-descrided
experinents which, I believe, without Jrecedest in the worll of Beience, bave
1ad over the past thirty years to a tremsndous fund of Inovledgs sbout leed
and 1ts effects in the human sywten-knovisdge whish in every cese is guatitstive
s significant. Froa these experiments and their 4sta gatbered in the Ksttering
ladoretory and elsevbere, we have a picture of wbhat hippens t0 lsad when it &9
taken into the human boldy. We Imow, for instance, thst the aversge adult dbody
caotains & total of st least 80 mg. of leed. Ve know that the sverege aduls
ingests about 0.3 mg. Of lead & 4y from his food and beversges, 90§ of which s
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elixinated via the fecel trect. Ve knov the ncrmal renge of veriatice of
1sad oomoentraticn {n the dlood and the urine. Ve Jnowv how much lesd 2% tekss
via the izhalaticn route totlp this balance over into sn excessive sdecrytica
or intoxicstion rangs. The pictuare thed 45 of & Mmad Yoly waish ectains &
eertain mmount of leed Alstridbuted throughout 2ts crgans spd tissuss 4a & fairly
well dlue-privted mamer sod which dody takes 12 & certain emount of lsed ia
& unit period of time and eliminates 8 oertain smouat of lsed in & wnit of time.
Trom the results of these sxperimezts, and others liks them, ocertain standarde
for lesd axposure have been set. For instsnce, there is & érinking water
standard that sprpliss throughout the United Btates. There is an eight-bour per
wwwmzcwnmmdm. All of these -
standards are based on logic snd axperisnce and are susceptidble 30 edjustment

. aither wp or 4owm, o8 fucts may &ictste.

May I point ot to you st this time that, although xy exbject 48 laad,

most of what T an sgying tofay, as far as Dody trden and Inowvn amounts are

i ecpcerned, will spply t0 all cther metals snd many, meny cther svbetances smd
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mstarials, In other words, 1sed s not aloee 4n being found as & normal
ccostituent of the umen boly.

Thus e may see the tremendcus belp thet the Science of Toxioology gives
thoss of us whio are ococerned with prevention apd coptrol meesures. Ve ses
that Jreventicn meesures Sesigned for a 100% elimination of leed, or anything
else for that mstter, will de frustrated st the start snd impossibls of echisve~
; mut. Adequete emplayee protecticn requires thst standards end goals be set
] o4 that recognition of the facts in & particular situsticn 1s sbeclutely

necessary 1n order to control whatever the exposure may be. As e Bave bea
©  dscuseing, the situstion vith Tegard to 1sed 1s particularly fortwate in that
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Kpowing then what our Judgment criteris will be, we any then examine the
situstion that we wish 40 eantral, heepdng 48 mind always that the magnitude
of the hasard 4s 1a almost direct proportice to the amacumt < fine Jeepirsble
Gust or fuse thet we allov to oonteminste the ares. Ventilsticn, respirstars,
wtting down of surfaces e fine povdsrs, oaapleate enclosure of Proocesess
apd so forth, are sacng the engimeering tools st our disposal for eomtyol of
the exposure.

8ince, a8 wve have alrealy pointed out, we ocan never achisve sdealute ar
1008 control or eliminatics of sny toxic or forelign saterisl, we mst bawe
asdical swpervisiom for oxr employwes. The industrial physicisn performs
several funstions which are not neoceesssy 1o mentim ia our present 4iscuseiom.

Eowever, of prim ixportence t0 us snd to the physician is his functica in the
Jrevention of excess sdbearpticn of the toxis material, in this case leead. Ne
will usually need mcesures of biological fluids, notably the Blood end the
urine. Buch msasures should e malde before any Job exposure and st routine
intervals &uring the exposure. Buch guantitative msasuremssts are not, ia
themselves, &lsgnostic of anything. They are merely aids to assist the jhysicism
in the periodic clinicel evalustion of the exposed employes. With sdequate
soginsering ccotrol measures, tlinicel exsminstion of exposed esgplayees will
be pegative. lhen these sxaxinations reveal otharvise, there hes been 8
fallure {n our coantrol aystem. Today in the lesd-using industriss, there
eren’'t maxy failures nce sbhould there de.
Coctrol Measures

Ve bave amalysed wbat seem to us the warious characteristics whick
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appear when increassd sbecrption end poisonings ooour in infustry. JFrom this
enalysis we mxy say that there sppesr to De four such ebaracteristics Wiidh are
presest snd vhich cperste scmevbat o8 & shaln of evemts, which vhen precent odd
W % the wndesiredle effect of increased shecrpticn ia the humsa gystem, and
the wfavarabls upset of balanoe which we had previcusly asptioned in the dumes
system, These four charscteristice, 1t seems $0 me, represent & ehaia which
=y de drcksa by the applicsticn of proper ecoirol msesures, o8 we will cutlime
geoeently, sy e of vhioch will operete t0 refuce the effest anld eliminste
wnscsssary sbearptico spd mstal poiscomings. Tou will mote that I em speaking
Bov in geoeral sbout all artals Decsuse the same principles thet agply %0 lsed
mmwuwwumwm
from exposure €0 otber mrtals.

Lot us list these four charscteristios whish we have foumd %0 % $a
opsreticn in every industrial situstion where poiscmings hawe coowrred.

{1) Toere 1s exposure to encugh of the metal.

() There 1s exposure to the right kind ar the right form of the metal.

(3) There 15 insdequate protecticn far the mem.

(s) There is & charscteristic thst the inlividml 1s i a jhysio-

logical stete of readiness $o suffer & Soxis effeet.

The first characteristis, that there mwt be e sXPosWre, o SIPOMITes,
to snough of the metal, 1t seems, is perfectly cbvicus end meed hardly de
moticoed. And yet, many times 12 our experisnce physicisms, msnagers aad
others in industry will ssy that the men hes 1sed poisoning becense he is working
vith & lead ocmpamd. Binoe 10 molern civilised life and in modera industyy

et it .,
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everyans of us every Gay cames i3 oamtact aot cnly with lead end leed ocmpownie
but with irom, ecpper, Aluximm, menganses, apd 80 furth, sll of whidh hewe
omsed poiscpings 1 the huma system, it {a rether silly %0 cllege that & mare
exposure $0 & WAl results, or has resulted, ia en wtoward offecs. IX'w
renmber from our disoussicn of the Kstiering expsrimsuts that the Jxmen xysten
oxAaing o sertaln smoumt of lsed $a & o0rt of Qypamis ogullfbrimm sod thed
Gally inteks is balanoed Yy Gaily emcretion, and that ecmplete elixivstimm of
axporure $0 lsad, or suy other metal fur thet mstter, is sa engitesring amd
esonamis Lapossidility, we will realise thst oxr ecnoTm ia scotrol of poisce-
ings st lsed us to more precise epslysis of situstions then is yepresecbed
%7 the mmre 1dentificstico of lesd (or cther metal) in the lmmsdiste sovircomest.
he second charecteristis of an industrial poiscaing situstion, thed
there must Do axposre t0 the right kind or right form of the artal, i agaia
really quite chvicus. But so many times the cbvicns 1s igoored or forgottem
wen ressures are brought $0 beer end anrxiety evters into the situstice. Jor
instapcs, i the finishing of sutamcdile doliss, the lsed pollsred sreas are
moothed over $0 eliminate surfacs imperfecticns defore the painting cperetiom.
Wben such filing and ssoding 1s performed mmmmlly, that is vithont power Soals,
ﬁmamedwmuumuh.m
12 vhioch the particulste 6ise 18 00 large that it cennct De inbaled. There &s,
therefore, littls or 30 &PoswTe 40 lead in these situstions. Ue oculld aide
sany other examples, such 83 the well knowa fact that galana ore, which is lead
sulfide, sppeares 0 spter into the humm system with &iffiouity and, ocoseguestly

poiscnings from exposure 40 this material do t coowr.




.

The third charscteristis, that protecticon for the men 1s always inslegste
in & polscming situsticn, is ancther cdovicos charecteristic which may be forgoteen ]
in prectice. I give you the sxapls of & well-designed ventilsticn aystes
Pemoving hazardous mmounts of mtarial from the air bafore the employes
ever has a chanos o inbala it. The sxposure potentials exist oartainly s
the a2 s protected end mey work vithout 11) «ffects even Whils surramisd hy
high ocnosutretions of material. The exgployes sy be Provided vith respirstory
proteciive devices for exposures smxch a8 metallizing. Or be way work in sm air-
oonditicoed crans 0 in 8 foundiry, &8 ancther exampls. In all of these situs~
ticns he 45 swrroundesd by bazardous saoumts of hasardocus kinds of msterial emd
yot ha suffers no 111 effects.
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The fourth chareacteristic is coe that I have ladelsd & Jhysiclogical
state of realiness t0 aoOeTt and react sdversely to the metal. This Wa »
charecteristic which I 8o not like to introfSuce becsuse I csn't explain it aod

ks
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beosuse it 1s A1fficult to control. I think we bave all seen axaxples, howevsr,
whare one or two men cut of & werkfaros of & doten vill oome 4own vith & case
of peiscning in & work situstion whese all factors sre camce throughout the
area. There are probadly good axplensdices for such occurrences dut they wary
vith the sitwaticn and the individual. I suppose it would be 1deel 4f all of

us reacted in exactly the sems mamner t0 cur envircoment o thet & single standard
would apply and that emvirommemtal oantrols eculd be applied as in sn exact
stisnce. Philloscphically spesking, this might maks for & sertain monobony in
life, Bowever, es I said previcusly, it 15 & rere industrial situsticn 8a

which everyone reects in the same manrer and to the sems exteot whes 8 Soxis
insult strikes,
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I bave found that the use of the sdove Your charasteristios %0 Sevise
oantrol messures thet will ald in the prevention of exoess sdearpticm of mstals
15 & handy msptal ecooept and really belpe t0 clarify s situsticn which may de
confusing st ite firvt anset. JFor instance, we find that in mcst sdwerse
Industrial situstions shere polscnings end axoessive dsarptions in men exist,
all four of the adove chareoteristics are cparsting. Ry removing or castrolling
sy coe of the sbove, the effect 15 thet of breaking the toxic cbain end polscming
o5 langer results. Boginesring of ventilsticn systems, process changes, intro-
ductico of nev or sbetitite oampamis or msterials, improved housekneping,
better meterials handling techniques, systesstisally-controllsd provisicns for
persooal hygliess, axd enlisting the cocpersticn of esglcyees by frunk explansticm
of tHe bazards snd oontrol means proposed are among the most important swthods
to de used.

Ve have atteapted to outline for you present 4sy thinking ca the taxiocology
of lead and the wy this thinking influences those of us ccooerned with preventic
end hazerd camtrol functicos 4o industry. And I bealieve wo bawe showm the
Deoessity for Ssveloping in industrial toricology quantitstive, or ssasrured
relstionships betwesn bumsns and their working eovircoment, sod that such
gamntitative relationships have been tharoughly esteblished for lsed sxposures.
This, togrtber with the fact that most of the sdverse lesed exposures in industxry
tolay are the result of airborne msterial of respiredls sises, has led us to
s apalysis of the four industrial charecteristios that ve mwt address our
eantrol messures st {n ordar ¢0 suscesd. The smount end kind of exposure, the
protectics of and thysiologloal state of the man are the importent factorw,
ocntrol of which can caplats our squaticn of safely,




