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argnnians 1 ceneral, s an inoviteble congscuanas of 1ifa

an n lesdebenrin nlanet®, Hishous oiting the axtens ive
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narasl heslthy Jaerican adult, o inrests w1th hias datly

faud and drisk guantiiies of lexd wvarying fron 0,75 mom,,
rarely, £o sonaeviind Bore than 2,0" =mom, oseszsionally, the

monn nuantity over & periosd of months heing aprroxizately

7,37 mom.  He takes into hla bady by inhalation with the alr
e hreashes x smail znd relatirely nalsnificant cuantity,
whtel Drabably raraly exceeds 0,10 wsim per 28 hours, and of
vhioh only & porilione Joubtleas a variasbdle but othemriae une
srediotonle cortisn «, i raetained by the resnivatory memhranea
and pesntually absorded into the tlosues, the resainder bmina
gither axiinled or teapped it The urmewr rraniratory traet »n&
aubss wwnily swallowed, (The gunntity absorbad la 30 onall as/
nat %o e sorarent iz srolosged atudiea in vhlch the totsl le+d
output 13 balsneod 2oaingt lead 1ntsle hy ingestion only, (ol
uéiﬁﬂrinﬁ the proriness and the wamizuds of IYOrSLAryY ransonue
wider ocondlthend 07 2ocunatisnnl lesd abagrptisn fron Intelntiang
208 Bsy eonolude that under avarzoe noranl coniitions $hia tyre
A€ lomd aboorsiion 13 indeed minute,) Lizzle nesatad lead lg.
~osunlly absorbed nto tha body, L very larme uwe avtion o7 e
tragarseg tie olimentary troat qmabsorBed and atranrs in the
fsoaa, Dome rartion ig abgordad and onarried tn the liver, ia
purtly awersted with the blle back into the alittentarr traet,

andl 13 asnn 1ost Pron the body with the fr082, The vy~ milt of
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tiene and orbang anhisy avgauss Af segratiaon inta Zhe

alisentsry tract 1o 63 nnks'éhe dally Teoal lesd qutpuf alro09t
squivalent %o %he T0val . lntake bﬁ ingegtion, ' Jone amall ouant’ty
pacsrag romoval by the liver snd ia enrrxg& in the bloxl from
whioh 1% 13 loat both to the tissues and 4o the excretisng,
“aeent abservationt wonld aaaﬂ.to~ahaw\ﬁhnt(tha b;aad is in
#:7ullibeie with the tiasuee of nhé Doy na A whole, with raasnect
va 1%8 lead content, In ooy onss losd 18 onnatantiy Zound in the
hHload and ;n aha‘urinalia snantiticg oubhiset %o Hut ainge

Taried 1, Thus the wisle hlood of Aarnal haalthy Aomriasn adults
nyinllisy ognataing rrnﬁ'ﬁiﬁl'mgm 50 .05 mon new 1YY reams, with a
o value of ayg?aﬁlmaﬁazg N memz var IND rrang, {(Conaentrations
sa CArh as 007 mﬂm.pﬁv*lnﬁ pyemg are onesgionally fouand), ?mry
11%%10 5 thia is in the plasan, 95 Der eant or nowe belng found.
13 the celin, mainly,/Q%m@dmmbly, in the erythroéytas. Laed 12
found nownily in the ur&ﬁ& in quantt%&g& erying Stan D01 arm
30 0,08 nmem pewy 1iter with & nenn vaius’alzghtly in excean of
eI nem ey 1iinre, ™he mean urin&?g'léaﬁ erngentT Llan war he
gnen $o spsroxitate one tonth of thet in ﬁha Moaad, Tw lend in
tho Sissuas Sw-dlatributed in sooor- onoe with a da®inite o itern,
vith the major portisn 17 the gkelaton and with a MFHOT 6010 8N
Sratlan 1n such loag bDones ag the fwﬁur, b with asnputeable
and fairly constant suantitlies in the other tissues among wialch
tha liver, kidney, splaony arl byrain are eapasinlly nnteuvarthy,
The syernrs YO8s e Nty of lead rrazent in the hody o5? the
norual luman afult 1s sonowhat 4n Sloubd, heocsuse of tho coarmalilty
af data, but 1t 19 Hrobably ot less than 1) mu, nNor cove than

three %o four times this Quaﬂziey. with due regard %0 variatinng
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in dody weight., ODarth believed his data on the askeletal lead
gontant pointed teo & progressive indrease in the coneentrations
with age, but the differeonoss in youth and old agé wera too
alir:t and too irregular $o be convineing, Calivery has drawn
the unwerranted concluaion that Tompeettss resulis on the leed
conecntration in various pards of the lmman skeleton {3ocotland)
demonatrate & progressive accumlation throughout human life.
There is admittedly s 8tatiatically slgnificant degres of positive
correlation bhetween the ageg and the lead coneentrations in the
fonur and the tibia of Tompseoti¢s oaees, Mi there ares alnest

ag large variations within narrow age groups ss can be found in
relation to extrenss of age., Horeover, Calveryss asgumption
that thie tiasusa of versons with sirnificant cooupational or
inoidental lend exposure shortly befove death has not been ine
cluded in th;;o analyges is Justified neither by To:msettrs
gtatcmenta nor his data., Une may prOperly guaspect, therefore,
that varigSle,ggz;gggagg;a;_;ggﬁgggﬁ(diatary and otherwiss),
with variable'indivzﬁuél load intake, serve bdetter to explain
differences between normal individuals with reapect to the lead
conzent:sf téair bodleg, than ocan the variablility in the duration
of an elaagtiaii;ﬂmemnn and constant lesd intake. The indireot
evidence égalnat the indefinitely progressive ascumulption of
lead In the tiassues of parasons exposed $0 falrly constant ene
vironmental conditiona ia much too great to be ignored,
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It has been deronstrated clearly that the urinary lead

excretion of individusls and of groups of Dersons varles

with the magnitude of thelir current lead nbsorption, and

that 23 abyryupt chanres in the level of lead intare results in a
falrly »ront exerstory rosnonse, oOeeent obsarvations ghow

that thia reazponse 0 & knownh and eonatant nacnituds of Ancressod
lead intake 1¢ not losedlately maxinmi, but that it greduslly
bullds un to a level which iz dependent prirmarily unon the

aquantity of lead which hss been abasrhed snd vetsined in the

»ody, “lthin the 1inits which have heen studied 1t does not

continue indefinitely to inereane but resches o lsvel which is

naintnined so long cs the lend Intake remaing st a oconstang
level, These faotas are in corplete harrony with the information

ovtained on groupa of workmaen with orolonged exposure to fg;rly

constant nnd anv~arently aafe oocupational ccnéiclonn.(/Ths uringry
lead exoretlion o represeniative workmen clesrly (defines the
nagnitude of tle lead exposure not only of an industry &3 a

uhole, but of characteristic and well isolated occcunational mroupe
within the industry, MHoreover, the group levels of urinary lesd
exerotlion denet inerease progregalvely bHut remalin cubgltanticlly
constant over long perisds of tize (yoars) during wilech 1little

or no change ocours in plant conditiona, OJuch obaservatlons
conbined with the faczs\obtained in the astudy of ginﬁle individus]
¢an hardly bs expi&ined except on the banis that the rnte of urin
lead exoretion 1a determined chiefly by the gross lead content of
the body as an orgenic whole, and that the maint8mance of a ¢onsts

or nearly constant ratepf urinary lead axoretion 1s evidente of m



egzential’ly conatant Aquantily of lont in the bady, There 1a
zdanuate fTaotusl backoround, tharsfars, Yor the onneent that
#within gortain liziss of lead intnke, a 3tategbh? dynante equilidbriun
1a nalntained within the Jomn ody vheredy lend intate and sutnut
o Dalanoed over lomg nevicda 2f Sice, and rTooresalve A0CUTHie
lztion in the Yiszouen doas not socur,

he 1&35&&&3& of the gonxlderstions Mmi%lined in
anme Arnigll in the forepaing perarraphs oannot be overeanhasized
in their welstion S 5o grablcﬁs G muhlic and industrial Myctene
that arise f¥n the use of losd gomrounds, “ince lesd 15 an
laevitable oonstituent of human Ylssues and exeretiona, 17&3
aulte sbhwisug that fthere are sorfain normal and ohyaioslosieal
neehinnisma into whioh this olemant enters uhsther lnotdentall
ar ygefully, Thers onn be no daube.thaﬁ'lcaﬁ can bo introiuced
1n%0 the h nan *ﬂ&g/éitﬁ&uﬁ prejudlos 16 the noymal hezalth and
dow-la nens 27 Yw orgnﬁ:em, [%:744 that/é toxio effast on tha ~art

,

of this olcuent an well za of many others 18 2 neigter o0f 0l
sensriion,  The degres of contml of [ ublile and Andustrizl lend
220 muﬁa whioh 13 necesanty o avo’ll N ~m rogari, thevaPy g 1g
3% 0 be desangined on the hrala T Tuo udrematto avrldencs f
sha worst affects 0f ~he obsovniisn A7 an Lnteinglesily  olsonous
sicment, Dut on preglse Liforaating ns 40 the llsita of laad a%e
sooure and absorprion videh are unattsnded Ly any oxle nenifege

tatlinng, or, wh&en; in othew words, are dhysiolosiaal,

Yoaad Abagrnttas

) The axiagtence of acoupntional lead exposure

can ususlly ho roenrnized by a curvey of ths materisla and

~0%ivitios in an 1mﬁuntr£n1'?lant. The ponarsl arder 2 uapaitude



of the axnagmre eana S aafinssed Dy 4he Aessrmiantion 3 the
1ead cantent of <ha asnmoaphsre of wovriinge gprees, by the usa H?
nethods waloh bhave Deen 90 wall deseribed - are 30 sntisfaniory
for thioir cursnae that Shey foed 0% Ho slven o™ Shan hasaine
gantion hore, wne sust conhaslize the fset that thwourh thais
adecuata and oonagiastent uney 1% ig coa Abls 0 dasrcrilne the
damres of the gociationsl hazard nnid the aztontt 37 %hie hned Tnp
pPevantive vyl rredgusionary monsurag,  Indsed 12 thn losd aantent
3® she atnosphiore 37 warkrooms 1n the lead traden renemliy uwevs
azintzined Athin the 1inalta now -eeoralred ns aafs in ~waotice,
soon-s tional aaturnloss, from any othor than sootidents ‘n - lant
aneratinong, wvould cenass o ooouy, However, 30 lonr an the

amar o af nany »lants aro a0t crele® auch eshitml, o so lang
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lead olanninge,  fhe abgorotion and oxarmestion 28 -nantitisa o7 lead
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nalilerally in exoess o She uctunl and novmsl levels ks wholly
gaxipatihle with normnl snd Mooclihy DNoxan 1178 anxd potlivity, oand i
ocartnin 1imitg arn nal exoeedad, no intoxicatinn s to be ansici-

wnted, A



The earliset algn of elevated lead ahsorpiimm,
snd ane «high Zortunately, L3 aposific for lead slons, is found
in an tnoeressed rate of winoersy lond exeration, The demoanstratt
32 a snall inoreass Teculves garafil roasduras fov the eolleotion
2f gnmolea and aome detailsd mowledos of tha whysioloricsl faotors
songernad with the urinsry axoresion of lesd, Yarious ~ubliohed
atatoneonls lave a)r eared %o the offect thaﬁkha urdnary lesd falls
fraqumnsiy w0 ?avanl the neteant of lozd ahearﬁtian, zhall the
wrgulia obiatined on urine sanples are o varinhle and that the
tlood, mare constant =8 10 1ts lesd content, ahouid ha uged for
antaining anniytical informatlion, }?hﬂss ennglusista have aprung
fros inoezperisnces oy froa the use of inadoouatoe mzthods for the
aolisosion and saniynta of aamiles, IO ia trde that urinsary sannles
af snal il vwlune obts ned aft randon are guh oot %o congidersble
earlastion 1 1helir lasd aontent, In individunl enaﬁﬁ; tHs lsttew
verlogg ohile¥iy wizsh th@‘wn-ar autpat of e nerdod of their |
onllactiong L0 4 tha wvine la concentrated the l4ai congofe
Ctrntion tg ralstivoly hirh, 18 Silute Oz Lirh water nmhe o
Aluregis the iand ooncentw $ion iz wvelntively low, “Mia faotow
can Da contrgllod, in the ozss 38 omall volumer, Yy ~raver aalusetior
A% Phe tine of Sxniltyy 0o a3 to avold extranesd of trator intoke
axt gutput] 1% osn be elinminnted oltogether by oollroting aavewrsl
1lqams 2f urdne, arsing sure tiiat no unusual cuznsittas of 1iouid
are tSoken £0 speed up the csllacsion of the samnle, Tcaally
touoreant 48 the avoldence of cansnminatxsn of urinary as~nples,
anl she smallsy eﬁe pasple the groater ust b the care in this
~eanent, nine aam;les oolizetad in the. usunl tvpea of vashroona

or nedical guariers it manufacturing: lants, o chtalnaed by



customary noapital ropeduress or, in Tatt, accured LY any othar
shizn By precise methoda sontrolled by the sxaminer, are not anly
valuclese but gwrasgly nisleading ad 0 thely lasd oontent, Lead
12 ublagulious, and Lt 1ls diffio:dt under the et fazorable Girw
sumstances o nvolid all gouwrees of contaninatlon, Humaerous oane
vaoor s in ourrent Journsls inelufe snalytioal date on She urine
whioh Dy mewn inoneation sen  ba discerded as sywoanosmia, In sone
instanans the quantiilies found deny ns relatlion % She gondisionas
I ex onum Mm or Dalleved U0 huve oxdated, ol ln others they
are entirvely beyond the maxdizel 1inia of urinary lead exoretion,
In this oonnsotion 1t ahivuld be 2ointoad out shat a urinary lonzd
emeatmtion in oxceng 2 J:8H tym por Liter 1% 8 voary orssl
varity, Mad oomeentratlions Distar Shma 2,3 mgn pew Liter are
nagaciated 0nly <ith grossly dancerous aan&i tong 22 load saxroagure
and shzorptlion, uﬁile ﬁ&laes areeeding 0,20 orn per Litor cannot
aocrue wishonut a Gafl ﬁ&t@ amd niani? 1can% g manure $o 1asd such a9
13 s-soglated 2ith the admittediy hwmzardous losd $raden, S™longed

amrpaure In douibtful v hasardous sacusationg bng 0oty i ouw

eroe innon, Indueod such Tarag T urdanary Ilaadd oworetion,

e T Sha Cogeeceal e ﬂ‘uc”wa*>1, S dananatenan on
results axpregaed An serg of "vi***? lomd namesntrnTian v iew tha
an Hhey bmgla of lens ouly coroaniit 2 $i0e auren Seora oevtaln
semetlionl slvansaites ool saperdoentnl nneeasiticsg, i urinary
Yoo eamnentrnﬁianAcan slueagys be Jdeternined Lut nnoaureaenta af the
AYQYatary mate 'n L Live denge 13 nst always fansible, Horedvaer,
she urinazyy omeentrotion 22 lead now fas o ohystolostoal »ife
ifiaance vhioh o more cortxln thun 1g that of the 12238 sutout

cop daye 'or oimparative “urraged, Sherefore, analytlesl —aegilte



pracaution in a dustwfres rrxomg Dy nesns of apseislly wquwana‘
s@&wg s 20%0 avpeolinlly ole-ned containe—a, Tho minutzst dets
wﬁ\wﬂﬁmwﬁuﬁ are o7 the assme lovortanee, Shough of Arffereant oy
aa thone used in the maintensnoe of asentie fecimique in suree
Lewviy 1lhe minute living orgmnlszs, onters infto zanlsg throus)
_w,na sAr and hy ~eang o oonthnt with any save 4hs oot me%ioul:
Y L3

surifled water, Tesrenta, Jdasawnra and %her gauiusent,

‘ne algnifiosnes of the Taesl lozd oontant in
ralation ¢ lend oz oaure and nbaosrptlsn las Besn amnly reaen
algguiere nd nend nat 4 Alsenssad hare,

| rithewr apszw af load aboorption adbove nomel 1
ara (1) ohanres in the ._,.w;maawaw and diatrid%isn of brgonhitlie
materdal within tho erythroeyseg ol (3) the arpenrance »f run
depoaita of load sul.hide In oort:in muocus wmenhr nes, «apsoliaxl

in thse margin of the ocum tiasue, NHolther of thaze sirna, cont
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ghould aluays hg awvpragred 11 tawna 37 congens™tiosm, and,
i noneible, O o $ins basios az wel”,
The greater gtablilzy of the bls &, with
31ide roanaot to lte lond goagantratlion, fyam Dour S0 haur, A3 00al
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the Dblood concentrztion ne 4 rsayonss to lead absoyptisn is
prozariionately laas than ihat u1 the arine, the warult helng
nhat the effeats of ex-osurs ar aor: osgily demonsiratad hy 1
urinary lend conceatralion then by Shat of the blond, The ohi
sdvantarme of the sanalysis of the blowd, Tfor dlasmostie purosae
liga in tho fout thot 1% rooulires no maninuiasism on the pard
21de 173 the -evaon ezamined, I prarer oregantiohg are taken by tha
araminer, thersfore, no faotor of cantaminatlan nsed e cone

21dered, [lood samplas, howewer, »ust he =ken with the utmos



%o oxininng nd writtan statementa of many, 1a indicative of
lead intoxicution, 3Ioth ceour in ensirely healthy Persons,
exeant that the land 1lre doge not appear without hagterial invaalny:
af the singlval tinsusg, l.e, sone degres af misaplvitia is neesessm
for i%a develarnenl,
Fanatate hasophililn, oy *atipiuing® nf the
eryinroeyten, wisthin certain lirsita, 1a of norssl seourrente in
the humen B ood, In sexnnining the blood 2f zona thousands »f
arnarently noreal healthy adults feee of sgoupatinnal lead exrosure,
se haee fonnd suohl awythroaytaa in nunbevs ranging fron Jng or Swo
un %o as bish on zixr thousmnd per milliinna aorvthvoartes, o 6
ner aant f the rroupn ahowed one thoussnd or wore pDer million
aryihrooyteny wirlle the nopan flgure for 734 perseona wms 337,18 -
2 1,72 par million erythrocytes, <She nuabder of such otirpled
srythroeyt~g in the blood shows 1ittla or no ohanre with emal’
ingrarenty of inerezsed lsad intalie, bul at hicher levsls of 7
axposure xnd abhsorntion thelr nusber in the olircuiatine blaod
tendn 40 inerosge, wonalderable variszzilion in the degrea of
inddvidaal raanansgas 13 obseresd, and falrly wide variations secur
Troan doy O _ﬁz‘,‘ WuY o ith ineressinely aovere oconditiong of laad
expogure thera ig o definite Srand Souwerd ingressing nmbersg o9
atinzled erythwoeytes in the Dlood of ewosod vorkmen, if 0%e
roricons are bheged on grours rather than individual resstiana,
“heasa faots aroe reaponaible bHoth for the
ugefulness of reeular mioroneoois sxaminstisng of the blooad of
gorkmon as a neang of astimating the sxmarzmmo/ nf shair
assouma tlonal lead oxnosure, and for the lnndecuacies of auch

=assures for dlacmoasio urpages in Andividual caoes, Suffioce
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1%, in this necessarily limited disecusslon, to point out,

that hazardous exposure to lead compdunds 18 assoclated with

the appecrance of cdefinitely abnormal numbers of basophilie
efythrocy:ea in the blood of a considerable proportion of exposed
workmen, while the absence of such erythrocytea 1in a suspected
or alleged case of lead poisoning, during the period of active
intoxication, is very nearly conclusive evidenoce that the toxemia
is due to some factor other than lead,

A "lead line® may appear in gum marging which
are somewvhat inflammed by baoterial invasion whenever the lead
content of the involved tissues l1la sufficlently elevated, Ve
have observed the apr-earance of a faint blue line in an
infected gum pocket in one person whose blood contained lead
to the extent of 0,05 mgm per 100 gramse, There is 1ittle doubt
that easily identified lead gmes eignify scmewhat higher levels
of lead absorptlon, Nevertheless obvious deposita of lead sulphide
are sesn in the gumg of persons with no demonstrable symptoms
or signs of intoxication, They muat bé differentiated froa similar
deposits resulting from the precipitation of other metallio .
sulphides, notably of bismuth, and they must not be confused with
the normal pig;;;:kbf negroes and correspondingly darx-skinned
peovles, The former differentistion is sometines provided by
the medical higtory of the person in question, but may require
analyees of the blood or urine or both; the latter can usually be
made by careful study of the lqcus and appearance of the piment.
The natural pigment ls rarely, if ever, found in the gum ilssue
on the lingual side, while, despite the scant attention given

the fact by clinicians 1in general, a favored site for the first
annasranes of lead 1ine 18 in the extrems lingual edee of the
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cum opposlte the biouspids and lower molars, The bluish-
purple line of ginglival congestion may be taken for lesd line
by the inexperienced, and espeelally if no examination is nade
after expression of the blood by mesns of a transparent applica-
tor (such as a glass slide), More commonly, the stained or
discelored surface of a tooth just visible beneath a thin layer
of gum tlssue 13 c¢alled a lead line, The differentiation 1is not
always easy and resort must sometimes be had to the use of a
hand lens, or even to blopsy followed by microchemical or
better by speotrographic¢ analysis,
The Rgoogaixién of Dengerous Lead Exposure

Time does not permit a useful or adequate
desoription of the symptoms and élinical signs of toxioc lead
absorption, nor is it my-purnose to do more than to strese the
necessity for basing the reeognltion of such sbsorption on the
actual occurrence of i1llness which is compatible with the known
clinical pleture of saturnism, or upon sequellae which can at
least be attributed plausibly to the effects of such absorption,
It will be owjJected that this point of vicw leaves the maiter
ﬁo the'JudgmenE_gsuthe clinician and takes 1%t out of the realm
oficonclusibns which can be reached by methods and instromensa
of gcientific precision, One can only answer this objeotlion by
reminding the properly enthusiastic proponents of laboratory
methods in Industrial hygiene, that thelr moat slgnificant fumetion
1s to chart the conditions undsr which 1llness ia 1likely to develop
and to point the way for the ldentification of such conditions,
The demongtration of signs of lead absorption above the normal

seful exerclse of this function, The actual
=B (01688
e & PO

level constitutes a u
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recognition and identiflcation of illness 1ls a function
largely and logically reserved to the physician, One may
confidently anticipate that the further correlation of the
sizns of lead absorption with detalled clinical dzta on the
types of toxloc response and their frequencles of occurrence,
7111 dellneate dangerous lead exposure in quantitative terms
50 expl.cit as to compel its recognition and elimination,



