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The large numier of recently purlishod articles on lead
polsonting toeatifies to a greatly heli htaned interest 'n wrat rust be
11ated na one «f our oldest elinlenl problems.s Unfortunatelr, the
amount of light which hos been shed upon the problem dees not eorrelngg
closely w’ th the volume of the literary output, 13&00&, it would soon
that an actonpt on the part of the practitioner oé mogicino to examine
and interyret the current litersture would result al;oet inevitatly in
such dlscouragscent and sonfusion as Lo cmuse him to return %0 tivice
honored coneepts arnd procedurces. =ven Ltne casuel reader will note that
ey of the art;ulea sut:1%shed recently deal primarily with Iﬁhcfntbry«
rethods of AlagnosIB on She aprerent sassumption thet Lhe underlying.
pathoiogical physiolosy of lead 1uto§tcncion has boeon uomplehely_alucidata
end may, thereforey, be taken for granted, or that 1t need not hLe taken
into account in the intorpretation of fiudings, one ul,ht bo led So
believe that laloratory procedures ray he subastituted for cliutcal studye.
In fact thers ig an insistent demand, not ouly 1in medicoelogal but in
gensral practice, for a latoratory test whioch, standing aloney, wi'l have

a positive diagnostic simirficance. There 13 go:d rosson, theretfore, to
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concerng latoratory dla;nousis, and to asoralse iu g surewhat cautious

and oritical mamn er the extent to which lalorstory observations end the
interpretations which are derived from them may 'e accepted us trus tworthy
In view of the impossi!ility of reviewing the literature even in a cursory
manuer, or even of nentlioning many matters which are of physiolog'cal
impcortance, in the short time available, I shall attempt to olarify a few
poiuts which seem to e of imwedlate practiocal importance to the problem
of diagnoais.

Normal lLead Metsbollsm

The ingestion (ahd probably the inhalastion}, asbsorpticn, and
excretiun of lesd have vteon shown to Le normal phenomena of human life.
{la,r,c,d).% The limita of the normal values for lead ingestion and for
lead excretion in the feces and urine of persons in the United States may
te delfined in surstantially absolute terma.(2)e. The values for the blood,
spinal fluld and‘tisquos are not so Bstisfactorily established, in that
the full range of nommal variavility s inadequately defined.(}¥,2).(hts
is particularly true in the case of the skin, and unfortunately so, since

4f§;;;;fanhed alinical aignificance’h@slrecentl;}been attributed to apparent

f
variations in the lead content of thes bisaue-(})) The evidence indicstes

that within the somewhat lncor:pletely defined physioloiical limifra, a

state of dynamic equillibrium is maintﬁined in which little or ng proe=
rreoasive lead scoumlation in the ‘tissues oguurs, but, rather, %i.uske and
output come into approximate balance atf'ter a certain level of absorption
into the tissues has been reached, (1 ). OJuch data as have appenred to
indicate that there is a tendoncy toward progres:ive acoumilation in the
tissues, chiefly the skelston, show that the actual conocentration difference
tetwesn youth and old age mre slight, = so slight, indeed as to rsgquire
turthafrpraet that they exeeed the 1l1l::1ts of chance variation. (L}. Yo

evidence has haen developed to show that unusual amounts of lead accumulate

in the tissues or are ratazncdﬁ;nc¢r¢.$xfauo- excopt us the result of an .
b o . ..
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abnormal intalkes There ure, to e sure, significant variations in

ai sorpkion and excration from day to day, but when conpared with the
metebolism of the more comnon metalllic constituents of living material,
the nornal metabolism of' lead 1s remsrkably stabile. ihether or not
lesd 1s physloloi‘ically useful 1s a matter for conjecture, btut regardless
of the eventual answer to this question the cuncept of lsad s an &CCUMle
lative poiéon, without reference to quantity, has received a rude shock,
Obviously, hereaftsr, vhen we refer to the poisonous propsrtics o lerd
in snimel or human metabollism, we shall have to make use uf quantitative
terms,

Th's polut of view necesunrily alters the si;nificance of what
has lon; ‘een regarded es8 an important element in the dlagnosia of plumbis:
namsl-, %the History of exposurse The dlascovery of a potentisnl source of
expcsure, without reference to it intenalty, has often been a siynal fop
the cesaation of further clinicel atudy of a patient. CJuch lapses of
judéemanc have been sncouraged un ihe one hand by the faet that the
clinical manifostations of lead Intoxication are many, varied, and largely
nonespecific, and on the other by the bellef that the absorption of any
Auantiby of lead, however small, might cause illness if oxpo ure werse
prolonsed or if an unusual susceptitililty existed. Therr can te 1little
axeuse for such reasoning ‘nh the future. The hlstory of laad exuosurs,
if it 18 to re takemw 3mriously, mudthave sore guantitative memnince. 1%
1a not enouzh to know the trade or océupacion of the patient. Industrial
conditions change rapldly. Luad hagards exist in trades supposedly free
of exposure, snd conversely, some potentlally dangerous occupatiuns are
80 safeguurded g3 to te free of significrnt exposure. The clinical history
of expéuura, to be userul, must therofore be précisa and speeltic in dee
veloping a taals for an estimation of the oxtent of exposure elither in ]
relation to other exposure eunditlons which are well known to the examiner,

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

-
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cccupied,

Tt.ere is &t lesat one trpe of vcotentizl lesd ox, vsure %o
wiiich the ul.ove regservatlions should not ayply in practice, despite thetly
valicity in princliples Theore 13 every rocsur 'or suspectinug the existence
of siugniflicent and dangerous leed oxpos:re in the cpse of children with g
ristory of zicas. The ogccurrence of leadecontunining commodities and the
use of lesd palnta on furniture, toys, and othor objscts, within the resch
of small children i1s much too comnion to ignare. The exisbtence of symptors
even slightly suggeative of plumbism should result in prompt investigetion:
of the child snd his surroundinga.

idonormal Lead Hetabullsm

“ha liﬁiﬁa teyond which human lend absorption comes to te
assoclated with injuriocus effects osnnot ' defined precisely at presont,k
and until certsain detalils of the behavior of lead are understood nore
clesrly it 1s not lilkely that the quwuation wil]l ‘e arswered satisfactorily.
Certein criteria, which are in live wlth sound olinical practlco‘in other
f1elds, mry e mdontede Industry zrovides nény aﬁd varied exemples of
~roup cXpusure o load comioindse Caraiul stué§ of rspresuntqﬁlvo Jroups
of exprsed neraons will eventuslly ;lve a clesr indleativn of the quantitae
tive relaticnsh!ps which erlzt vetween ex cusurs, absorntion, <distrituti.n
vithin the tissues, sxeretion, nd intoxicatlicne It i3 ;roﬁnble‘that long
vefore we have lsarned the detalls of She physiocloslcal mechun®sms which
are responsible for lead tntoxlcaticn in any individusal, wa_sﬁ#11 havo a
clear !dea of the types snd degrees of lead exposurs and absorption whioh
are essocliated with thoe production of intoxicatiun %#ithin the pgroug,
foreover we shall lmow hhé range of the coneentrationa of lexsd, in excreta,
blood, spinal fluld, and tissues, which are associsted with the occurrence
of 1llness emong a definite proportion of human beings. iwubtless, also,

in the process ot:ohtaining theso practically useful date, rmich willl have

L;eenn lesrned of the nature of the niechanisms involved,.
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it 13 not to Le supposed that we are antiruly lacking in
ianformation v the type described etove. A very yeat smo:nt of work
Ins veen done 1n thias directiun. What muat ve realized 1s that only a
teglnning has cveen macde, and that we are aliiost thouph not quite in the
dark as to the actual mechaniems of lead intoxicatiun., .t 1s also true,
unfortunat 1y, that the variocus methods which huve been used in ocutaining
the available data have been so lacking in uniformity, and so variable in
thelr senslitivity, that the reapective seta of results cannot be put on an
etsuvlute basis for comparisbn or c¢linical use. Ambiguities of this type
ars volng elimlnated in some of the more recent atu-:les but they are still
as uvrce of confﬁston. Therefors the olinlcian may well L& suzmewhat
cautious in hls interpretation of tle Infurneticn which he recelives from
ti:s laboratorye
Por present purpuses, we rmust regerd [indings Leyond the range
of Lormal values as a:inormal in the gsense thet they Ilndicate the occurrence

Ed

of an umusual and therefore pragmatically abuormal leed metabvoiism. No

~

/ J
cloanecut corrslaclen s tsen ahown tu exigi Ttetreen the ooccurrence of

/

cllnlenl sympsoms, acd the vocurrence of a specific concentraciun of lead

in the exereta, or in any tissue or nody fluide D e 17

<;Zf;;her aund Jeyrauch (9) | =llevo they hnve demonsirated a cone
stant relaticnahip between:thn level of isad concentrosion it hlood and
the pcrssenceo of 3y@gtoma. HO?ﬁvar, they have not determ ned w.leguuibely
the range of varlablillty Qf'thGIICﬁd concenlrntlion iu the L31oud of :ormal
1nédividuals, and their diclum cannct, thirorore, vbe mccepted as esizbllshed,
Howsaver 1i hus}been'snown>that load alsorpticn, us evidenced Ly the lLead
contant of tihe blood and certaln other tilasu-s, as well as alimentary and
urinary lead oxcrotion gzg&.mousurenbly in accordanob wllin the severity
af/éxponure to loand compoundse {&). Abnormelly high findings muy thus bde
rogarded only as evidence of abnormal lead exposure. On the other hand,

deaplte the fact of verilaile lndividual response to lead absorpt!on, there

5] s B "
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18 a threshold of atsorptiovn (evidenced Ly excret! 1) at.ava which so e
prop.rtiovn ol expused persous become 1ll, the clinicsl suverity of the
iliness, sa well as tho prapurtion so nffeoted)increaaing nith increase

in sbsorptione (6}s Therefore, emlthoush there s no clintoal justificatio
for the assumption that abnormal analytical results prove the existence of
lead Intoxlontion, the demonstratiun of abnormal findings within the range
of valuea whioh hnva.baen shuwn %o oocur smong exposed persons some of whon
have develo;ed lead intoxication. estauvlishes the potentiel clinlcal sige
nificance of the exposureg the higher the level of lsad absorption and
axcretiun, the more certain 1s 1ts poteontial significunces There is no
certainty, however, that symptoms shown Ly the person in question are due
to leud, Indeed; the diaynosis of le~d intoxiocmtion can te made with
rensonal:le certsinty o:ly on the tasis of symptors and signs of 1llness whi
colnctde with the known clinieai picturé of lead intoxicetion.

Thﬁa far ve have apuken of abnormal lesd metstolism as though

“the relstiunshil. between alsorption, distribution in the timsues, and exe
cretion remained unaltered by an liocreased level of ingestion or inhalatiun
ie.2s 88 though 1t represcnted the normal type of equilibrium maintained at
a hizher level, There are certain evidences that this is not the case, dut
that there 18 a type of lead metabiollism wnich in itgelf 1s patholoxlcal.
‘apparently the urlgéry lend excretion does not inoremse proportionslly with
increaaed lead exposure, beyond a certain pointe. (0). Varicus hypotheses
might be advanced in explanation of thle phenamencon, ns & working basis

roy further study, but regardless of the explanation it would appesr that
this is an indicstion of & chanze in the metabolle pattern, = a change
élaociated with a progreséive accumulation of lead within the organism.
There is little adequate evidence that such acoummlation is associnted with
a change iqﬁho manner of distribution of lead in the tissueas of the body,
but further inv-s tigation is needed to settle this important quest icn.

Additional evidence of a qualitative change in the character of
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the squ’lirrium tetacon R' L lsvels of' lend concentr:!'” .. 'n the tigsues
and the lea: congentratiuvn ‘n the excratiuns 1s to ro found in the fact
that the ur!nery exeretury rate drops rapldly for a ti:re after the cess:ti
of severe exposure, and then continues at a much lo er but stili dimin‘shy:
rate for a length of time thaggéé%gg:ﬁwlhh the severity of the previovus
exposurs (7) « apparently until the normal relatiunship between lead intak
lead content of tissues, snd lead output has been reeestabllshed. Evidentl;
when the rate of absorption &s high, some uf the lead 1s distritiuted into
the tissues in such a way as to be relessed less readily than. that which

13 involved in a normal or only slightly increased rate of absorption,

Aub has provided evidence that a more active calcium and lesd metabollsm
tekes place in the feneatrated portion of certain bones as oompnéed with
their solid portione.(8). It may ‘e that suoh difforences exert a profound
influence uzon the meanner in whieh varying concentrations of oirculating
lead come to ha deposited in the skeleton, Whatever may he its tause, the
sharp decline !n the excretory r«te affor t%ﬁ‘caqsntion df Severe ex;usure
rmust be reckuned with in diagnoatio practice. 7Thus conclusive evidencs of
abnormal lead absorptiocn In the lorm of s alignificantly hoigh&euqd excrotor
rato 1s most readily tound within a short time after the cessation of abe
normal exposure. ‘‘he longer the interval betwsen the cessation of exposure
and the examingtion of the excreta, the greaﬁer will Ye the diffibulty in
interpreting the resulta. Iiventuaily all evidence will disappear, and

not even the analysls of the tissues can vte relled upon to show that nn
atnornal exposure had occurred. (7). On the other hand o:ly a 3l'’;:ht
inoresse in lead at:sorption reaults ‘n the prompt elevation of the rate

of lead excretion (1 t), so that the analytiocal study of the excreta carrie

out in close time relation to a suspected exposure will eatablish the sige

s

nificsnce or inaignificence of the expuvasure., In our experience, the excret

rate always continues at an elevnted level for sone time after the sube
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sidence of active symptoma of intoxlioaitlui.

iladiolo~ie and Microscopic vidences cf abtnermal Lesd fbsorotion,.

It is evident from the foregolng paragruphs that analytical
procedurocs are useiul as dlagnostlic meassures only to the extent that they
are = means of estimating the significance of uxposure to laad compounds,
They have the advanta;e over other clinical methods of being entirely
specific, and this advantage gives them a unique usefuiness. Ho discussi.
of the la:iorstory signs of abnormal lead absorption would be cumplete,
however, without refsrring to resently discovered radlologiec evidence,
and to the widely accepted but somewhat 4illedefined signifimnce of certain
blood changes,

‘ark, (3) end a 1'ttle later Vovt, (1G) directed attention to a
éharply defined line of Incroased density at the mergin of maximal growth
in the hones of ohildren, assoclate:d with the local deposition of abnormal
amourtts of leads Thelr further cbservations have provided a means for

»”~

the prompt detectlion of abnormal lerd abisorption in the esse of young

P~

children.f/Tho ﬁanalzy produced by lend depousition is not so apecifis in
charactor as éo difrerenniu§§ it in every instance from those which may
result from otner patholosie processes, vut it may be so striking in en
othermiss apparently normal tone as to call attention to previovusly une
suspec ted lead abaorpc*vn; Th;\chaructcr of the line chenges with the
lapse of time, veconming less intense as the lead 13 ;lven up by the Long
after discontimuance of expégufo, and also becoming more widely separated
from the active growth area as the latter moves progressively forward.

Ho such 1line 1s formed in adult bones, 3o that the usefulness of the
procedure is linited to the study of children. Positivo findings smst be
interpreted with the same degree of caution that 1s required in the case
of othaer indicetions of sitnormal lead absorption. MHor:over it is to be

doubted if negative findings caun tc sccepted as proof that no recent

siznificant absorptiocn of lead has occurred. This is especially to be
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tuken into sccount In view of the cccusicnel case of acute lend intoxicae
tlen from the aceldentnl Injeatlion of larse smounta o leoad.

“he numerous blovd chengus associat.d with avnormal leed ebsorpt!
have boen the subjeot of extensive inquiry end atundant controversy for
wany yearse Ths granter portion of the present disagreement is concerned
with the signifiocnnce of variations in the pumbers of various types of
erythrocytese. The reticulocytea have heen shown to undergo changes in
numter under the influence of leed sbsorption. Likewise bmsophillo stippl!
of the erythroecytes hns long been known as an accompaniment of lend abe
sorption nnd intoxziouticn.

Variocus methods for staining and counting one = the other
or voth or these type cells have heen devised and recormended, and a large
mnrber of experimentalists and elintolens, working with widely variant
methods end grouss of patients, have set up atandnréa for the differentintt
of normal from abnormal Lindingas It would be Aifficult if not inpossibvle
to bring eny order out of the chsos which has resulted, or tc harmohize
the diametrically oppoused polnts of view fnto a gonerally acceptatle statoe
ent of the factse sAccordingly I shall menticn only a fow upin&cns, nnd
shel: confine oyself largely to the presentetion of the results wh'’ch have
Leon cbtalned Ty Lo e Landers, of She ifettering Lavorstory, through the
consist:nt use of one simple cli:ilical method a8 appllied to the study of the
occurrence of stippled erythrocytes in :the Llood of norrmal and abtnormal
indivicduals,. |

Lehman {11) belleves that stippling of the srythrooytes occcurs
in what 1s usual'y regarded as signifiocant rmumberz in condit!ons other than
lead polsoning or the well recognized nnemias, Ile believes that he hsas
demongtranted that exposurs to humid acmoﬁyhcre, aleohnl, and cement dust
results in the production of 1ncreasod stipplinge. The majority of ‘experie
mental workers dehy the oacurrence of more than a very amal} mumber of

stippled cells in normal bloode Those who admit their normal occurr-ence

¥&a n1nao
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et up a mexloal 1imit of from 100 %o 500 per milllor. sehwars (12)
maintaing thabb“considarahla quantities are never found 4n the renlly
healthy". Kooh (13) regards 100 stippled srytirocr tes ner million =na
suanici-us of giumblsm, und 500 ver million nas dlacnoatice. Hetlm (1)
states that stippling is not found in ckases other than lead intoxicatlion,
severe anemiga, and grave intoxlcations, Schmidt (15) hes eostablished a
Tigare of 190 per million sa useful confirmestory evidense of lend intoxlaa
tien and 1000 per milllon as showing a "deen seated condition¥,

An incomplsted study of o:ir data asccumulated over a pertod uf.
ten yonrs, whioch 1s now beling made by Ty Janders, shows that the presence
of stipsled erythrocytes is of frsquent ocourrence in the blood of peraons
vho are asparently normel dnd healthy, and vho ars free from avnormal leand
avaorotions In a series of T8l persors whose carefully Saken historiss
showed no evidence of occupational lead exnosure, tha nean numrer of atipnl
erythrocytes per million was found to be 339,18 wisth a srobable statistical

arror of 9.72, and a standard deviation of [05.6 (equivelont to about 1

atippled srythrocyte irn overy 12 flelds éhore/each f$eld contnins approxie

ngtely 250 erythrocytea)s Ui of %here ren 3a;a results varying from loLo
to 1440 per milllon erythrooytes, over 24 ran from 1520 to 1920 per million,
and the uonper limit was nenr 000 per riillion,.

1t followsa from Ltheas chaervabions Lthat the méra aécurrcnce
nf s%ip-led orythrocytes in the tlacd 45 not Iindleatlve of ahnormal land
atsorption and that the mers demonstration of atippllmg‘hgé.no dilegnostie
value. The range of normal valunecs rmat be estatl!shed for sny mesthod of
examination of the hloody, and the nethod itself rmset he 50 standardized
a8 to vield consiat:ont and.cmmparablc roaults,

Jur data on paersons atnomally exosed to lead and to certain
..ther agents have not heen 20 worked up as to Justify a conplete statoment
of their significance, Nevertheless certain facts which have a btearing upon

diasnosis, have vecore gbvicus from %he natufo of the individual results,
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»ith due regurd! to he technique which we hinve czployed, the following
cuncluslions or: justifiede (a) There 13 a definits overloonoing of the
normal and abnorsal range of stippling, dus to wide individuml variaotvility,
toth axong ncrmal and ernormel ;rou,8. (1) Leed evsorpticn 1s tut cne of
a numter of I~ctors which msy cause an incresse in the number of stipnlsd
crythrocytes without inducing subjeetive illness. (c) Load absorption tends
in the indiv!dual case to cause increased stipnli: ; of the erythrocytes.
(e have seen ag nany a3 19000 stippled cells per nillicn erythrocytes 4n
aub jectively well Yut lecded persons.) (&) Tho extsnt of the incresse
produced ty lead absorption i3 not nesessarily related to the magnitude of
she leed exnusure, or to the rnte and ma;nt tude of the laad absorptione.
{s}) "hera 1u no reecessary corrolaticn botwesn the mumier of atippled
crythroceytss and thae onset oy soverity of load intoxicatioun. (In ective
leed 1toxieantiun we have fow.d up to L3,000 por miliion erythrooytea)
{£) In our experieonce, thus far, lend intoxfcs:'un is always associated
with the prescnce (f come degree of stippling, althous:h in certain cases
uithfhbrupk gnget fcllowing pronptly upon a trief usssive exposure, 1t ~ay
nGt n;sl_zéﬂx' prum;:;ti!.;’.

aranting»th; vallddty of theso conclusiovna, the exeminstion of
tlie blovd £ r atippling by methods or aquiyplant sonslilvity Lo thme

+hloch we have employed, 18 uscful & g nouns ol oxeludin; leed no o ¥ oter

w®

in suspected sases oL lead Intoxlcentlun, when the results arc nogative,

and a8 & means of providing cunfirmatory evidenco when pusitive,
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