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The present preﬁ;ems/in the differential
, J
diagnosis of 1lsad poiscning, in so far as they differ from

those of any previcus period, arise largely in the evaluation

b3

oI

the signiflicance of the lead exposure of a patient, and the
interpr ta,“un oi tre meaning of cuch lead determinstions as
ma; ha2ve becn sarricd oult cu the faces, 1?158, Llosl, cpinal
fia%d, teeth, EETn,cr ciher filssues, In zeoarch ol cpeeillin
evidence of l:zad alsorption. These prcocblems, exgres:ed some=
what differently, and considered from slightly Zillerent vieve
points, are among the most Important practlcal cuesticns in
relation to plumbism, both 1la general medical practlce and in
industrisl hygiens. |

To the medical practitioner, the facts ¥n the
matter of lead exposure arc often obscure. In the case of an

Infant or a child there may be no reason to susvect lead exposure
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¢ Jeeter In Lliness unftll s chiance X-ray nlate shous sugg
or nonclusive evidence cf abnormal lead deposits in the skeleton.,
In the adult, iadustrizl lead exposure may or may not be zuggested

T the occupational hlstory. The absence or the occurrence of

such cuggestion may ve equally misleading, slince, on the one hand,

lesd exposure may exist in unsuspected occupations, while on the

&

other, reccznized lead trades may be so well remsulated as to zivs
2 &1

s
rise to little or no expocsure, Indsed technicsl and operating

chonges are carried ocut in modern plants with cuch disconcerting

speed and frequency, that plant physiclansg themselves are not
nlways counscicus cof their hygienice Imroort, Obvicusly, the

doctur who nas no direct and detailed knowledge of plant activities

and condlticns, cannot be expected to place a proper value on

(

the “Wlaztory of cccupaticnal lead expesure, -n many instances,

therefore, judgment regulres that he base nis opilnion as to the

. -

zeverity ol tile exposure oa specific evicdences of lead absorption,

rather than on nonezpeclfic clinical evidences ol injury.

In the cagse cof the industrlal physiclan, the
significance ¢ the lesd¢ exposure in a plant can tecome partially
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ush 1%s clinical effecvs urocn e
pecpulatlion, but 1t cannct be antlcipated cor [rcoerly apirecilated
without recourse to some precise means for messuring either the
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magnitude of the &l exposure, ovr, Jreferally, th
ghyslologlcal respcnse 5o exposure In terms o the lead absorptlcon
and lead excretion ol the workmen,

Zven with the necesssry fants avallatle as to

the nature and magnitude of the lead exposure, an interpretation

of their clinical signiflicance may still be 2ilflcult, particularly

1 the exposure is known to be slizht, The reputation cf lead as



an insldious polson fthe minutest quantities of which, if absorbed

repeatedly over gz prolonged pericd, might accumulate 1In the body

with Alsastrous results, has lcng been established both in the

22l and the lay mind, Gradually physicizns with experience

n the lead trades, who noted the results of varloﬁs tynes and

degrcec of lesad eXposurc, came to btelleve that lead absorption

S1¢ not cause Injurious effects if 1t 4id not exceed certaln

limits. The originesl distinction between dangerocus and essentially

harmlssz occupational lead exposure was based con observations of
T and plants, without beneflt of quantitative methods of

study. i1th the recogniticn of the grester signlficance of

inhaled leard as compared with ingested lead and with the de-

VBlement‘Of satisfactory methods for the estimation of particulate

lee? in the 2ir breathed by workmen, the existence of a fthreshold

value for toxiec lead absorption has apparently been e;pabli;ued.

J
However, many physiclasns, physiolcglists and pharmacolcgists have

(

glther disregarded the observations made in this fileld cr have
consicered them with suspicion and skepticism. Only recently has
evicsnce Leesn cbtalned from the study cf human lead absorpiion
and excreticn under a vsriety of conditicns, which sutstantliates
the position taken by the lndustrial hyglenist., Decsuse the

meaning cf this evidence has not been fully asppreclishbed, 1t scems
well tc outline 1t trere, not only In relaticn to lead absorption
on the part of the general ponulation and to the dizgnosis ¢
poisoning in the hands of the average clinician, but glso as a
basls, in principle; for Iundustrial practice.

The presence of lead in the tissues and in the

excreta of normal indivicduals, quite apart from any occupatlcnal

exposure to lesd comrounds, 1s now estatblished, In 1633, we



reported 1n detail the data of cur studles up to that Lime and

—

reviswed the observations of other workers (1, 2, 3). Slnce

“he publication of these reports, many addélticnal contributicns

nave demonstrated the occurrence of lead in *the slkeleton (ine

cluitns She seeth) (4L, 5, 6, 7, 8, 9, 1C, 11), the soft tissues

7, 5, 11, 12, 13, 1L, 15) (including t=e brain (9) and the

cerebromspinal fluid (16, 17), the dblood (18, 19, 20, 21,27%)
,

urine (9, 18, 20, 25?‘23, 2, 25, 26, 27, 28) and feces (20, 2¢)

cf nocrmal persons of all ages and occupaticuns, An examinatlon of

the rasults cbbteined by different analysts in various parts of
tie nerid shows them to be in remarkably close agresment, with

due allowance for variations in the zensitivity and accuracy
e analytlical methods employed. The general nattern of

normal lead metabolism vhich we have described in relaticn to

e american nopulation seems to have been confirmed, ncf only in
- (

me .c.erican zavirconment bub in the several countries in wnich

similar cbservations have been made, Of partlicular interest

ot

G
us lr thls connection are the results obtained by Lynch and his
azssoclia®zs () on %he lead coentent of tlhe 'tenes of presumabl§
normal persons {(lreat Britain), and those of Tompsett =nd ndersen
{3), and Tempsett (10) .n the leasd content of ‘he skeleton and

soft tissues cf human [stuses and human belngs of wildely varied

ages (Greab Zritain)., These data would seem to chow that the

-

lead content of the tissues of a normal child and of a normal
adult as reported by us (2), was of an order of magnitude fairly
characteristic of normal human beingzs in general. ‘e are

justified, therefore, in making a confldent restatement of the

facts with regarl to normal human lead metabolism in thelr cimplest
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terma, tne adult American Ingests lead in his focd and drink
to the extent of approximately 0.25 mllligrams per averase day {20)
s pr obﬁb’y Inhales a small aquantity of lead from the alr he
vreavhes (29’ 50, 31, 32, 33, 514-’ 55)! although the amcunt Ilnhaled
and the proporticn absorbed from that wnich is inhaled are cohw
jeectural.,) MNost of the ingested lead traverses the alimentary
tract unabeoorbed, but some quantlty 1s absorbed as is shown by the
constent cvresence of lead in the tlssues, the blood, and tre urine,
he mean Jally Teecal output of lead 13 spproximately 0.25 milli-
srams 12C), while the daily urinary output varies from 0.02 milll-
crams to 0.10 milligrams (20, 25), the variation being chiefly
relatgd teo weather conditions with their attendant influence upon
urinary volume (26), The lead of the tissues is distributed in

.
accordance with a definite pattern, with the msjor rortion in the
skéleton {and avpgarently wilth a higher concentration in such long

Lcres as The femur (5, 1C), but with measursble and apparently

fairly conatant quantlties in the soft Ulssues, especlzlly In suca
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ney, spleen and brain (2, 9). The average zross

guantify prrcent in the adult vody is somewhat In Zdoub b, bscause

cl’ the pauciiy cf dabta,bubt 1% 15 probably not lsss Shan 112 nz.

nor mere than 200 mg. =i due regard to variatiins In odry walzht
(2,5,9,10,36). Barth (35) supplied data waleh In 2is opinicn
zolnted to a pregresczive slevation of the lead concentratlion ol the

slzeleton with progrecsing age. Hovever the diflcrences ietween
youth and o0ld age were too 3light and toos irregular Lo be cone
vineing. Tompsett (10) found similar and eveh'larger variations
in different bones of the geme skeleton and in the skeletons of
different persons within the seame age group. ™e comblined fects

furnished by the study of the tissues and excreta lndicate that



i3 malntained in which progressive lead accumulation in the tissuss
2oes not occur, intake and output having ccme into balance after

a certaln level of abzorntion has been rsached, 3Ilgnificant
variations In absorptiuvn and excreti.n occur from Iay to day, dut
tne normal metavolism of lead, as ccmpared wlth that of the more
cormon metalllic constltuents of living material, is remarkabvly

stablle, “hether cor'not leai is useful in thysiclozical mechanisms

is an open question at present, Lbut regar ‘dless of the eventual.

-~

answer to this queaticn, tThe concept of lead as an accumualatlive

poison, without regar? to guantlty, has received its death blcu.
=lsewvhere, we have interpreted the forezoing facts

in their relaticon bto the diagnosis of lead poisoﬁing {375 58).'

It Is not ocur rurpose uere, therefore, tc zive further detalled con-

sh to s3tress

Hie

sideraticn to this aspect of the subject, ‘e mersly =

Q

-

the necesslty for tauwing striest account of the/ltnita cf uormal
¥i
variatlon in the elinical Interpretation of data on the lead

ntent of the ftlscues or the excrets of patliesnis, In view ol 7/

cresent Unonledge of the nermsl pilcture and ol Teviatlion izluc ed

[T \ e . o g ) LN . —— E

Oy avncermal 27zoscve to lead compounds, Lead aunliyses oF vor*ozz .
IR, -~V 21 * - 4 “ e LI o ER PR e s ol
>rpes Taxe thelr slace a2z inveluable diisnosilc alls, =2nld 5 ureful

clinical and ﬁggzcc-lcgal evidence. donevor, tuloh Lrocecurss
necome useless and sven ;"osgly misleacding unless
ousv with »recisicn and Interpreted with Sue recari for the avallalle
knomledge as to the benavior o lead. Illoreosvar, analytlcal data

Lol

cannot be substltuted for sound clinical cbssrvatisns in any of th

fields in wn'ch they have come to be useful adjuncts.
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The ultimate sources of the lead w~lch
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human food merits further cons*:arnt-:x and further

As we have pointed out orevicusly (39}, the increment cf lezd
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content above that wiklch s a nocrmal constibtuent of cur food

o

substances, 1s due to contaminaticn from a great varlety of
’ 22

thy
*3
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sources, some of which ci cent and some of earlier origzin,
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urces of contuminaticn of food and drink

Q

& nmumber of the earller
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have dlsappeared, sore by accicent and cthers bj intent, Cur data
on the feecal lead ouvtput of normsl perscons in varicus parts cf
the United States and Canada, as collected over a pericd of more
than a decade, do not give evidence of a tendency toward a prc-
sressive Increase in dietzry lead. Thls i3 not fto imply that

cur sampling of the populaticn nhas been such as to 7ield adequate
Information on the ertent c<r the causes of variastlion in %these
ﬁespects. Yeverthelezs we have been struck by the essential
uniformily of *the data obtained from year to year, and we doubt

the occurrence of any recent progressive increase in the lead

-
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intake ol  tmo smericun rovulacicn, Ve Jo nob sugrzest, Louever,
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any cvarssynTi Zoht rslaxation of the efforts teing maic Ly ¥Tacse
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sngased In the sapsrvisicn, handling, 2nd proesscing of our
i

foold materialz, ¥tc ~revent contamlnacion with lesd,
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an wltlmate basls for determinling She_linmlits of

<
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zafe sty In the mattcer o0 leal szzerpti-on, In Dot the reneral and

the Indusfrial-pefuluiinu, con e found couliy I Jwrtlen 3xperim°ntai
studles of the fate of laxl vhen Znsrofuced into tnhe human tody
chrough varlcus avenues ci entrancd. .. 1ave Lllustroted certaln
abnormallties 1a the Llcad contant o7 The £i:sues ind excreta of
cersons sxposed to aunormal guantbtlties ol lead Loth of occupatiosnal
and noneoccupabtional origin (40). In observatizuns made chiefly 1in
varlous lead trades, we found a corrslation between the rate of

lead excration and the severity cof lead excosure., The avallible

‘data anpeared to indicate that within csrtain limita of inecreasing
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cha magnlitude of the lesd ex posura, as JCI=

Fay

e

e zn, and the occcurrence 5f lesdl Ine

workmen. e came to the conclusion, waich

reached from his observatlons, that lead

.
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ected to occur under cecupatisnal conditions

crested by rerpressntatlive worlkmen =2t a mean

h

She urine. In subseguent plant

t in mind thoe need for "deflniag nore precisely

g3t level of 1l=2a1
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tion, the niz eXpo3urs

nlazte freedom from c¢linical lzad intoxicactica.

toward thils geal, the fcllowing

Ui

progress

of men, selected as representactive of the

in three different Industrles, were examined
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of Zead ©TO wore than a theoretical extent, The men in Zroup 2
iere zmployed In wvarliosus fypes of scliering activitles, € all

had e same tyge, and apparantly about the same Jdegree of expusure
to Tummzs of molten lzad ant to finely divided metalllic lead and lszacd

oxiTe., The men 1n Group C were lllicuwise exposed only to fumes and

T
iR viet

o noertiznlabe lead resulting frem varied types of oneraticns

-

molten l1aad and lead castings. Hovever the operations in this

lant, as represented Dy this sma’l group of worlmen, Ilnvolved

-

somawnas variaple degreses of lead exposurs of a generally grecter

- A $ mer \ i - 2.
severisy Tthan %hat of the other plants.

seen to av: auvscroed lead in suflficisnft quantity fte nroiuce
. . A .
blue lines, dharacdtsrisiic changes

1
y ,
in the bloocd slcture, und slizht but unmistakable eviﬂences of

neurc=muacular dariage., In addltion to fthese objectlve ”indlar"
taere werszs scabtasred Dutb sugrsestive evidences of mincr toxic
effecss in the fcrm of vague gastre=intzsiinal cowplainis. One

Eynical histangmaf a recent gplscde of saturnine colle w23 2vo-ined,

Yo hiztory of fatal cr wermane
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elicited from manageient, »lant zhysician, or employjzes over the
per*cd of their dlrect lnowlzdge and experlance,. Jnorovements In
ventilaticn had been made some two rFeor:z Zraovisuzly, -ince which
tire caszes or suspected cases of Incipient Intoxication nad been

cared for elther by Cemporary cessaclion of employment or nore

frequently vy transfer to uork involving less exposure,
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The aze dlstrihation of the wen gselected
to represent the various occupaticns in each Indusiry, as given
irn Table 1, is of interezt only because it demonstrates the repre-
sgntation of widely divergent age groups. The Aduraticn of cone
sInwouas exposure, shown in Table 2, 13 corresponiingly representativ
¢I oty short and long pericds, except ‘n the case of
the longzst perlocd of employment colinciled with the 11fe span of
the ifndusctry up to the time of our observatioans, The data In Tables
~ L3 were not availlable for

3 and [ on the Tecal oufipub of lead, {resul

- N 2 3
O QU RI'SVLIOUS ZenOle

vetveen the rexulbs cuitalined In the twe groups 1s not signilicant,
statisticslly, on the ons3ils” of comparison of the mesn values for

lead Tound ¥n a single Tzcal evacuacicon, Hovaver, the %uo zroups
‘ .

¢ ons o iran b S s e . s
e sizniffcantly dllflerent with resgpect tec allaentary ocutorub

/
. ~ P 3% [ - o ] . *
inen c¢ompared ac o Thelr mean lead cutput per gram of fscal ash,
(2oL VR SUSEY 3 5> 4, T - . oo~ S- ~ -
I3 indicates that tha exrpoaure of Group T fo narticulate lead
R P . - 5 - T b R U 2 i y
In the atmosphore was ‘@roZ2r Shon that ¢f Grounp 2, Zoha mean

more significant than those on *he S2ces, hoth 'n Shelr general
chyziolozical meaning and “a “he 2larity wita whish fhey zoriray
ii7ferenca2s in the le-d absorption of the three groups of workmen.
The mean rate of urlnary excretlon for Croup & ils within zormal
limits, as was expected; that for Group B is higher, and th-t Tor
Group C is still higher, both differences being of statlstlcally

e

significant proportions. Taus the analytical resulfs on the



verify the exlstence of three different levels of lead extosure
and =sbsorption,

It is a mattzr of hoth zcisntifiec and practical

}-te
s

pcrtanes that the resulits ovtalned on samplas of blcoi (Taple £)
from workmen in Groups A and 3B do not differentiate these two group:
with respect to thelr absorptliin of lsad. It 1s probadle that a
Zifferentliation would havs teen effected 1f a larger number of
blood samples from Groupn = had been analyzed., urtaermore three
analyses on Ylood from individuals in Group C, yielding C.09 mg.,
0.23% mge, and 0,49 mu. per 120 grams of bloed, leave 1istle doubs
ax to the status of the group In this respect, llevertheless, the
Zact remains that with due rez-srd to the numbers of samples
avallable Cfcr aanalysis, the results on the blood do not yleld as
dsfinite evidence as those on the urine, with respect to ths
conditions under study., {(The mean value of 0,078 * C.207 for

-

the urinary results which correspond to the fourfeen analyses
on the blood in Sroup B is significantly zgreater than the mean
for Croun A.) The reason for this can be found, e belleve, in

shrysiolozieal conalderations, Tirinary lezd excrs

,.
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. - - N ] ot m - “ ~ gt ki - (RPN S
person teo person ant In the same gercons with a varlsty o

Y

# Determinations of the partizulate lead In the atmoaprizre of Plant

3, as carrled out with standars metho’ts Ly 2ther chucrvars 2%t a
sonewhat earllisr Jdate, proviie useful correlative data., Tie ocbserve
lead concentrations ranged from C,033 mge. b up to 0.53 nz. b per
cubic meter of air, with a mean wvalue of 0,21 + C¢02 m. 7Y n2r cubl

meter in thirty-one air samples taken from various parts of the plan



and environmental factorz, Zouever, the concentration of lead

in a sample of urine ccllected over 2 ceris

e
O
L)
or

mentr=Sour to
seventy=two hours, in accoriance mith ocur proctice, shows some
degree of response to all the phycioloziecal factors active during
that period, including variations in lead absorption. 4 single

bleccd sample, on the contrary, 1llustrates only a momentary

physiological state, ~hich, under essentlally constant condlt

jte

na
of lead exposure, may concelvably represent the general levesl
of the lenad metagbollism more adequately than a sample of urine,

ot which under cond ' tions of varizbvdle or ilntermititen®t exposure

.

could sceaercely he expected to do zo.

The clinleal and analytical data =3 a whqle o
not jus cify sweepling conclusiuns, urther stud;y of thece
Indusiries and of others with different basic levels of lead
exposure will Le required to defineg, in terms o2 le=d metabollism,
the upper level of lead exuvosure which 1s compatibie it hwaan

safety. However thece observations represent another zfen Ltoward
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