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The large numier of recently purlishod articles on lead
polsontng teatifies to a greatly hel htaned interest 'n wrat rust be
11lated na one «f our oldest elinlenl problems.s Unfortunsteolr, the

amount of light which hos been shed upon the problem dees not eorrelagg

J
that an actempt on the part of the yractiticner of nediclne to examine

closely w’ th the volume of the literary output, 59&00&, it would soon

and interpret the current litersture would result al:oet inevitatly in
such dlscouragstent and confusicn as Lo cause him to return $0 tirice
honored concepts arnd procedurcse. =ven Ltne casuel reader will note that
rany of the art;ulea sut-lished recently deal prinmarily with Iﬁhcfntbry«
rethods of AlagnosIB on Lhe aprerent sassumptlion thet Lhe underlying.
pathotogical physiologsy of lead tutoxicatlon hes been uomplehely_alucidata
end may, thereforey, be taken or granted, or that 1t need not hLe taken
into account in the intorprefation of fiudings, one ul;ht bo led So
believe that laloratory procedures ray he subastituted for cliutcal studye.
In fact thers ig an insisatent demand, not ouly 1in medicoelogal but in
gensral practice, for a latoratory test whioch, standing alone, wi'l hauve
a positive diassnestioc simirficance. There a3 go.d rosson, therefore, to

talrm atfoactky of ha mroaont atatutg of our nforme!dcr. o0snecliaolly g 4t
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concerna laroratory dla;nosis, and Lo apuralse in & suewhat cnutiocus

and oritical man er the extent to which laloretory observations and the
interpretations which are derived from them may 'e aocepted as trustworthy
In view of the impossi)il’ty of reviewing the literature even in a curasory
man:er, or even of nentloning many matters which are of phyaiolog'cal
importance, in the short time avallable, I shall attempt to olarify a few
points which aesm %o o of imediate practiocal importance to the problem
of diagnonis.

Normal Lead letabollism

The ingestion (aﬁd probably the inhalstion}, absorption, and
exgcretiun of lesd have vtesen shown to DLe normal phenomena of human life.
{la,r,c,d).# The limita of the normal values for lead ingestion and for
lead excretion 1n the feces and urine of pergons in Lhe United States may
he delfined in surstantlally absolute toerma.(2)e. <ho values for the blood,
spinal fluld and‘tisgues are not so Batisfactorily established, in that
the full range ?r'nonmal vnriabiltty 1a inadequately dafined.ll*.&).(?his
18 particularly true in the ocase of the skin, and unfortunately so, since

4f§£;;;ranbed clinical aignleGanoc‘h@slracontl;lbeen attributsd to apparent

7
variations in the lead content of théxbissuo.(ﬁ)) The evidence indicates

that within the somgwhat incoripletely defined physiolojical limita, a
state of dynamic equilibrium is maintﬁincd in which little or ne proe=
rressive lead acocumulation in the“tlagues ogours, but, rather, li.uake and
output come into approximate balance after a certain level of absorption
into the tissues has been reached, (1l n). OSuch data as have appenred to
indicate that there 1s a tendoncy toward progreszive ascumlation in the
tissues, ohiefly the skelseton, show that the sotual soncentration differe:
tetwesn youth and old age mre slight, ~ so slight, indeed as to require
furthef,prOLr that they exoeed the llr::1ts of chance variatiocn. (L4}. Wo

evidence has heaen developed to show that urmsual amounts of lead accumula
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abnormul intekee There are, to e suro, aignificant variations in
aisorpkion and excration from day to day, but wmhen conpared with the
metebolism of the more common metallio constituents of living naterial,
the normnl metabolism of lead 1s remarkably stabile. ‘hether or not
lead is physlioloiically useful s g matter for conjecture, hut regardless
of the eventual amnswer to this question the cuncept of lesad s an «CCUMIe
lative pol#on, without referonce to quantity, hes received a rude shock.
Obvioualy, hereaftar, vhen we refer to the poisonous propertics of lerd
in snimel or human metabolism, we shall have to make use ot quantitative
terms,

Th's point of view necesunrily alters the siynificance of what
has louns;r “een regarded as an important element 1n the dlagsnosis of plumbi
namel~, %ha “istory of exposure, The discovery of a potential scurce of
expcaure, without reference to 1to Intenalty, has often Leen a signal fog
the cessaation of further clinicel atudy of a patlent. Cluch lapses of
judéamant have been encouraged on ﬁhe ona hand vy the faet that the
clinical manifeatations of lead intoxigation are mmny, varied, and largel
nonespeciflic, and on the other by the bellef that the absorption of any
éuantiby of lead, however small, mizght cause 1liness I1f expo ure were
prolonzed or 1f an unusual susceptillility existed. Therrs can te 1littlo
axéﬁae for such reasoning ‘n the future. The hlstory of laad exuvosurse,
if 1t i3 to te takemamriously, musthave some guantitative meaninge 1%
18 not enouzh to know the trade or océupacion of the patient. Industrial
conditions change rapidly. Lead hazards exlst in trades supposedly free
of exnosure, and convarsely, some potentlally dangerous occupatiuns are
go safnguurded s3 to te free of signlificrnt exposure. 7The clinical hial
of expéuuro, to be userul, must therofore Le pféciae and specliic in dee
veloping a tesis for an estlmmtion of the oxtent of exposure elither in
relaticn to cther exposure conditions which are well known to the examin

or in terms of the effects of the exposure upon other persons similarly



ccecupied,

There is &% lesst one trpe of votential leesd ox, vsure %o
wilch the usl.ove reservations should not ayuply in practice, despite theip
valicdiLy 'n princliple, There i3 every rocosurn I'or suspectliug the existence
of silunificent ant danjerous lead ox;osure in %he cgse of children with a
ristory of sicas The ogcurrence of leadecontuining commodities and the
use of leasd paints on furniture, toys, and other obJscts, within the resch
of small children 1s much too comrion to ignare. The existence of symptors
even slightly suggestive of plumbism should result in prompt investigation
of the child snd his surroundings.

sonormal Lead Hetabullsm

“he limita teyond which humsan leand absorption comes to ‘e
agscciated with injurious effects eannot ¢ defined precisely at present,
and untll certain details of the behsvior of lead are understood nore
clesrly it 1s not likely that the queation will ‘e arswered satisfactorily
Cartain criteria, which are in live with sound clinical practlco’in other
flelds, mry te miopted, Industry zrovides rény aﬁd veried exemples of
~roup cXpusure £0 load compoindse UCaraiul studé of PGPPQSL“tQéiVO Jrouds
of expnsed pergons will eventually plve a clesr indicatiun of the quantits
tive relatlicnsh!;s which erizst hetween #x csure, absorntion, 4istrituti.n
within the &tlssues, sxeretion, nd intoxlcatlicn. IS¢ 13 proﬁnble‘that long
tefore we have learmed the detells of the physlolosical mechun®sms which
are responsible for lead tntoxicaticn in any individual, wo_s$$11 hava a
clear !rdea of the types asnd degrees ol lasrd exposurs ahd absorption whigh
are associanted with tho production 2f intoxication #ithin the groug,
lioreover we ghall lnow thé range of the conoentrations of lead, in excretg
blood, spinal fluld, and tissues, which are associsrted with the occurrence
of 1llneas emong a definite proportion of human beings. ioubtless, also,

in the process or‘obtaining theso practicelly useful datam, ruch willl have

Lieen lesrned of the nature of the nechgnisms involved.
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it 13 not to Ue suppoaed that we are entiruly lacking in
information . the Type described arove. A very rest smo:nt of work
Iss been done iun this directiun. What must ve realized 1s that only a
teglinning has veen msade, and that we are al:iost though not quite in the
dark ss to the actual mechaniems of lead intoxicatiuvn., !t is also truae,
unfortunat 1y, that the various methods which huve been used in outuining
the avallable data have boen so lacking in uniformity, and so variable in
thelr sensltivity, that the reapective seta of results cannot be put on ar
atsvlute basis for conparisbn or clinical use. Ambigulties of thia type
are uteing elimlinated in some of the more recent stu-les but they are still
as urce of confusion. Thereforn the olinlclan may well L& somewhat
cautious in hls interpretation of tle infoursmticn which he recelves from
ti:e laboratorye

Yor present purpuses, we rmust regard findings beyond the range
of wncrmel wvalues as ainormal in the sense thaﬁ they lndicate the occurrenc

-

of an unusual and therefore pragmatically abluormal lead metabviolism. Mo

~

/ J
cloanecut corrslacien as tsen ahown tu exiagi tetreen the osourrence I

/

clinionl sympsomg, and the vscurrence ol a speclfle concentratlun of lead

in trhe exereta, or in any tissue or vody flulq:;:) he 17

<§Zf§;her and Jeyrauch ($) . -llevo they have demonsirated a cone
stant relaticnship betwaen:tha levol of lsaed concentrotlion in blood and
trhe preseance of ayrptome. iHowever, they have not doterm ned wleguunely
the rango of varlablllty Qf'ﬁhﬁ.lgﬁd boncentrntion iu the Llouwd of uormal
1:dividuals, and thelr diclum cannct, thsrolore, be sccepted as esiabllshe
Howaver Lt hua‘been'shawn_that 1oad ateorpticng aa ovidsnced Ly the lead
contant of the vlood and certaln other tlasu+s, as well as alimentary and
urinary lead oxcrotion qzzﬁ.mousnrenbly in aecordanc§ witn the severity
af/éxposure to lead compoundse. {8}. Abnormally hish findings may thus be
rogarded cnly as evidence of atnormal lead expousure. On the other hand,

deaplite the fact of veriaitle individual response to lead absorpt!on, thar



is n threghold of atsorpsion (evidenced bty excret! u) at.eva wnich so e
prop.rtion o' expused persous become 111, the clinicsl suverity of the
i1liness, as well as tho propurtion so affected)increaalng nith increase
in apsorptions (6)s Therefore, althourh there 1s no clinloal justificatic
for the assumption that ebnormal analytical results prove tho exiastence of
lead intoxlontion, the demonstration of abnormal findings within the range
of valuea whioh have been shuwn to ococur among expoaed persons some of who
nhave develo;ed lead intoxlcation. estavlishes the potentiel clinical alge
nificance of the exposureg the higher the level of lesd ab:sorption and
excretiuvn, the more certain s ita potontial significence. There is no
certainty, however, that symptoms shown Ly the person in quastion are due
to leade Indeed, the diagnosis of lerd intoxicsation cvsn te made with
rensona:le certsinty o:sly on the btasisg of symptors and signs of 1llness wl
coinctde with the known clinieal pictnré of lead Iintoxicetione.

Thﬁa far we have gpcken of ebnormal lesd metaet:olism as though
“the relstiunshi.. between alsorption, distribution in the tlssues, and ex=
cretion remalined unsltered by an lioreased level of ingestion or inhalatic
i.2. a8 though 1t represcnted the normal type of equilibrium maintained at
a hizher level, There are certain evidences that this is novt the case,
that there 1s a type of lead metabollism wnich in itaself is patholowxical.
‘apparently the urigéry lead excretion does not inoreamse proportionslly wii
increaaed lead exposure, beyond a certain po'nte (6)s Varicus hypotheses
might be advanced in explanation of tuls phenomenon, as & working beasls
ror further study, but regardless of the explanation 1t would appear that
this is an indication of & chanze in the metabolile pattern, - a change
éuaociated with a progrsséiva accumulation of lead wlthin the organism.
There 18 little adequate cvidence that such acoumlation 18 associnted wit)
a change iqtho manner of distritution uf lead in the tissues of the body,
but further 1nv~stigacion 13 needed to settle this important quest lun.

Additional evidence of a qualitative change in the character of



the equ’lirrium tetmeen h' I levels of' len coneentra'” .u fn the tissues
and the lea: congentratiun i the escratiuns 13 to o found in the fact
that the ur‘nery excretory rate drops rapidly for a ti: e af'ter the cesast!
of severe exposure, and then continues at a much lo er but still dimin‘shi
rate for a length uf time thaggéé¥£g:ﬁwlhh the severity of the previovus
exposure (7) « apparently until the normal relaticvnship between lead intak
lesnd content of tlasues, snd lead output has heen reeestablished, Evidentl
when the rate of abaorption &s high, some uf the lead is distribtuted into
the tissues in such & way as to be released less readily than that which
13 involved in & normal or only slightly ingersased rate of absorption,
Aub has provided evidence that a more active calcium and lesd metabolism
tekes place Iin the fenestrated portion of certain bones as ocompared with
their solid portion.(8). It may ‘e that such difforences exert a profound
influence uzon the manner in whleh varying concentrations of olrculating
lead coume to ha deposited in the skeleton. Whabqyer may be 1its Gause, th
sharp decline !n the excretory r«te affor t%ﬁ‘co@sntion df 50VEre OX. 0BuUlre
rust be reckuned with in diagnostio practice. Thus conclusive evidence of
abnormal lesd absorption in the ["orm of a aignificantly heighéouqd axcrote
rate 1s most readily tound within a short time after the cessation of abe
normal exposure. ‘he longer the interval betwsen the cessation of exposu:
and the examination of the excreta, thoe grenﬁar will e ths dlrfibulcy in
interpreting the results. ilventuaily all evidence will disappear, und
not even the analysis of the tissues can vte relled upon to show that nn
arnornal sxposure nad occurred. (7)e On the other hand o:ly a 31 ;ht
inoresse in lead atsorption results :n tho prompt elevation of the rate
of lead excretion (1 t), 8o that the analytioal study of the excreta carr!
out in close tlmﬂjrelation to & suapected exposure will sstavlish the sig:
nificsnce or inaignificence of the’;xpoaure. In our experience, the excr:

rate always continues at an elevnted level for some time alfter the sube
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sidence of active symptoma of intovzlioatlu.

ilgdfiolo~te and Microscopic :vidences cf .tnermgl Lerd sbsorpbion.

it is evident from the foregoling paragruphs that analytical
procedurcs are usei'ul as dlagnostic messures only to the extent that they
are o« means of estimating the significance of oxposure to laand compounds,
They have the advanta;;e over other sclinical metheds of being entirely
specific, and this advantage gives them a unique usefulness. No dlscussi
of the lacorstory aligns of abnormal lead ahsorption would e cumplete,
however, without refsrring to resently discovered radiologic evidence,
and to the widely accepted bwut samewhat i1lledefined signifimnce of certail
blood ochanges,

‘ark, (9) and a 1'ttle later Vout, (1i) directed attention to &
Sharply defined line of !ncroased density at the margin of maximal ;rowth
in the hones of ghlldren, associated with the local depositicn of abnorma
amounts of leads Thelr further observationa have provided a means for

-

the prompt detectlon of abnormmal lerd absorption in the ease of jyoung
children.r/&ha ﬁanaizy produced by lead depousition 4s not so apecific in
charactor as éo difrarentiayﬁ it in every inatance from thuse which may
result from other patholoixiae processes, bvut 1t nmay be so striking in en
otherwiss apgarently normel tone as to call attention to previocusly une
suspec ted lead nbeorpc*on; Thé\ohaructcr of the lins chenges with the
lapse of time, teconming leass 1ntensa‘as the lead 13 ;iiven up Ly the Long
after discontimuance of axpﬁgufo, and also becoming more widely separsated
from the active growth area as the latter moves progressively forward,

Ho such 1line is formed in adult bones, 3o that the usefulness of the
orocedure 13 limited to the study of children. Positive findings must be
interpreted with the same degree of caution that 1s required in the case
of othar indications of stnormal lead absorption. Moruover 1t is to be
doubted if negative findings cun tc accepted as proof that no recent

siznificant absorption of lead has occurred. This is especlally to be



O
teleen fnto asceount in view of the cccnsicnel case of acute lend intoxicae
tlen Lrom the aceidentnl ingestlon of larce smountas of lcad.

“he numerous blovd changes associat.d with atnorral leed absorpt
have beoen the subjeot of extensive inquiry end stundant ocontroversy for
meny yearse Ths grsater portion of the present disagreement s concerned
with the signifiocnnce of variations in the numbers of various typee of
erythrocytes., The reticulocytes have heen shown to undergo changes in
numc:er under the influence of leed gbsorption. ILikewise basophilio stippl
of tre erythroecytca hne long been known ans an accompaniment of lend abe
sorption rnd intoxziocuticn,.

Various methods for stalining and counting one @ the other
or voth of these type cella have heen devised and recormended, snd a large
murbter of experimentnlista and elintolans, working with widely variant
methods eand grouns of patients, have sebt up atandaréa for the differentint
of normal fromn abnormal {indingass It would be Qifficuld if not inposalble
to bring eny order out of the chsos which has resulted, or tc harmohize
the diametrically oppused poluts of view into a generslly acceptatle state
ent of the factse dAccordingly I shall menticn only a few uplhians, nnd
shael. confine myself larcely to the presentation of the results wh'ch have
Leon obtalned bty L. 7e Landers, of the ‘ettering Lavoratory, through the
consist:nt use of one sinmple cli:ilical method as appllied to the study of th
occurrence of stippled erythrocytes iIn the blood of normal and atnormal
tndtviduals. |

Lehman {11) believes that stippling of the srythroocytes oceccurs
in what 1s usual'y regarded as slignificant mumbers in conditions other tha
lead poisoning or the well recognized nnemias, Ile belisves that he has
demonatrated that exposure to humlad atmoﬁbhoro, eleohol, and cement dust
results Iin the production of 1ncraasod stipplinge The majority of ‘experi-
mental workers dehy the occurrence of rmore than a very nmall mamber of

stippled cells in normal bloode Thosge who admit thei:r normal occurr-ence
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fet up a mexlr-al 1iMit of from 100 %0 500 per millior. sohwars (12)
raintalng that "conslderahle quantities are nover found in the really
healthy". Kooh (13) regards 100 stippled erythroc: tes ner million na
suaniciouas of giumblsm, and 500 per milliou ns dlarnoatic. Heim (L)
atates that stippling %8s not found in ceses other than lead intoxicatlon,
severs anemiasa, and grave intoxicastiona., <olmidt (15) has ostablished a
figare of 1)0 per million esa useful confirmatory evidense of lend intoxdac
tien and 1000 per million as showing a "deen seated conditlion¥,

An incompletsd study of o:r data accummlated over a period uf.
ten yonrs, which 13 now beling made by Ty Janders, shows that the presenc
of stip=led erythrocytes i3 of Cresquent occurrence in the blood of person
who are ajparently normal dnd healthy, and who ars free from eabnormal len
azacrotlione In a seriea of T8l persors whome carefully taken historiss
stowed no sevidence of occupational lead expnosure, ths nean numrer of atip
erythrooytea per million was fonnd %o be 339,18 with a srobable statistic
arror of 9.72, and a standard deviation of [05.0 (equivelonn‘;o atout L
atippled srythrocyte ir overy 12 flelds 4bora/aach field contains approxs
mataly 250 erythrocytea)s ok of Shere nen vava resualts varylnr fraom 10LO
to 140 per million erythrocytes, cover 24 rean from 1520 to 1920 per milli
and the usper limit was nenr &000 pey riillicen,

1t follows from Lthess chasrvationa Shat the méra oécurrcnca
¥ gtip lad erythrooytea in the hlond &5 not Iirdicative of abnormal land
ataorption and that the mere demonastrution of sti pllxg haa no diegnostic
value. The range of normal valuos rmat be estatllished for sny method of
examinatton of the blood, and tho rethod itself rust be s0 stnndardized
a8 to vield consist nt nndAcumparablo roaults,.

Nur data on parsons atnomally ex:osed to lead and Lo certaln
. ther ejenta have not been 3o worked up as to Justify a conplete atatemer

of their significance, Nevertheless certain facts which have a bearing

diasnosis, have hecore obvicus from %he nature of the individual results,

N
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v 1th due regur-l to the technique whilch we htinve <zploysd, thes Collowing
cunclusions arz justifieds (a) There 13 a def%nite sverlancing of the
normal and abnorrml range of stippling, dus to wide individuaml variaotility,
toth ancng noermal and ernormnel ;rou.s8, (1) Leed ensorpticn i3 Ttut cno of
a nunmcer of 'metors wh'ch may omuse sn incresse In the numter of stipnled
crythrocytes without inducing subjestive 1llness. (¢) Load absorption tends
in the individual case to cause increamsed stipnli ; of the erythrocytes.
("0 have seen as rnany a3 19000 atippled cells per millicn erythrocytes in
aub jectively well tut lesded personsg.) (d) Tho extent of the increase
nroduced ty loead absorption is not nesessarily related to the marnitude of
the lead exnusurcy or to the rrte and ma;nt tude of the losd absorption.
{e) "hera %s no reeessary corrclaticn botwesn She mmier of atippled
erythrocytes and thae unset or soverity of laad intoxication. (In sctive
“eed 1 .toxXleatiun we have found up %o 3,000 por million erythroeytea;
{2) In our experience, thus far, lead Intoxicst'uvn L1z always associabed
with the prescnce of come degree of stippling, althoush in certaln cases
vithfhbrupt gnaet fcllowing pronptly upon a trief uassive exposure, it —ay
et anneny prumwbiy.

arsnting»thé vallddty of thesev conclusiona, tho examlinetion of
thie bloovd £ r atippling by methoda of equlvalent seonsiitivity 4o thase
whilch ve have emplceyed, *8 uscful ns a !wuns o oxeluding leed cs a ¥ ater
in suspected caseg o lead Intoxlcatiung then the resulta aro nogablve,

and as & neans of providing cunfirmatory evidenco when pusitives
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