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The present prip;emétin the differential
, J
diagnosis of lead poiscning, in so far as they differ from

those of any previcus period, arise largely in the evaluation
or the sizniflicance of the lead exposure of a patient, and the
interpretafiion of the meaning of cuch lead determinstiocns as

e

ma,; -~2ve been sarricd out cu the feaces, urine, Lvlocd, cpinal

-2 ~ R - Do
r tissues, 1In zesrch ¢l cpeeific

(&)

f£1atd, tee*n, skin,cr oun

o
]
(%Y
fo7)
[}
o]
Q
[« ]
@]
-]
o]
w
]
[}
)
%]
0]
3
ro

ticon. These prcecblems, exgressed somem
what differently, and considered from slightly Zilferent vieve
points, are among the most Important practical cuestlons in
relation teo plumbism, both ln general medical gractlce and in
industrisl hygiens. |

To the ' medlical practitiocner, the facts #n the

matter of lead exposure arc often obscure. In the case of an
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ns ¢ Jzeter in Iliness untll a chance x-ray plabe shcus suggestive
or neclusive evidence cf ebnormal lead deposits in the szkeleton,

In the adult, industrial lead exposure may or may not be zuggestes

s the occupational hlstory. The absence or the occurrence of

such cuzgestion may ve equally misleading, since, on the one hand,

-
i

les? eXposure may exisf in unsuspected occupations, while on the
other, reccsnized lead trades may be so well regulated as to zive
rise to little or no expcsure. Indeed techniecsl and coperating

chonges are carried out in modern plants with cuch disconcerting

speed and frequency, that plant prhysliclans themselves are not
nlways counseicus cof their hygienie Imsort. Obviously, the

doctor whe nas no direct and detailed knowledge of plant activities

-
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conslitlicns, cannct be expected to place a proper value on

the &Lstofﬁ o cccurpaticnal lead exposure. -n many Instances,
ctherefore, judgment reqalres that he base his opinion as to the
zeverity o the exposure on specific evicdences of lead absorption,
rather than on nonespecific clinlical evidences ol injury.

in the case cf the Industrial physician, the
expesure in a plant can tecome partialiy

h ifs clinical effzchbs urcn e ~lant

Q

pepulation, but it cannct be anticipated cr rcierly apirecilated
without recourse to come precise means for messuring either the
magnitude of the potentisl exposure, ov, srsferably, ih
physilologlical r2spcnse o exposure ln terms o0 the lead absorpticn
and lead excretion of the workmen,

Zven with the necesssry fancts gvallsrle as to

the nature and magnltude cf the lead exposure, an interpretation

cf thelr clinical slgnificance may still be A1fffcult, particularly

1f the exposure is known to be slight, The reputation cof lead as
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an insldious polison the minutest quantities c¢f which, if absorbed
repeatedly over =z prolonged pericd, might accumulate 1n the body
with Alsastrous results, has lcng been established both in tre
medlzal and the lay mind, Gradually physicians '1th exXperience

In the lead trades, who noted the results of various tyoes and
degrecec of lead exnosurc, came to belleve that lead absorption

31¢ not cause Injurious effects if 1t 4id not exceed certsain
limits. The original distinction between dangerous znd essentlally
harmlsss occupational lead exposure was based cn observations of
woriiers and plants, without bveneflt of quantitative methods of
study. ‘ilth the recogniticn of the grezter significance of

inhsled leard as compared with Ingested lead and with the de=-
veICpment:of satisfactory metheds for the estimation of particulate

les? in the a2ir breathed by workmen, the existence of a thr
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value for toxie lead absorption has apparently been estab

l

However, many physiclasns, physiolcglsts and pharmacoclcgists have
eilther disregarded the observations made in this field cor have
consicered them with susplcion and skepticism, Only rescently has
evicdsnce been chbbtalned from the study cf human lead absorphion
and excreticn under a variety of conditicns, which sutstantlistes

-

the posltion taken bty the industrial hyglenist, Decauss
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meaning of this evidence has not been fullry sppreclsted, 1t scems
well tc outline 1t here, not only In relaticn to lead absorpticn
on the part of the generaol population and to the dizgnosis cof lead
poisoning in the hands of the average cliniclan, but glso as a
basis, in;principle; for Iudustrial practice.

The presence of lead in the tissues and in the

excreta of normal Indivicduals, quite apart from any occupaticnal

exposure to leasd compounds, 1s now estatlished, In 1933, we
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egorved 1n detail the data of cur studies up to that time an

{2

hel

reviewed the observaticns of other workers (1, 2, 3). Since

“ae pzublication of these reports, many addltional contributicns
nave demonstrated the occurrence of lead in the skeleton (ine
cluiing the teeth) (L, 5, 6, 7, 8, 9, 1¢, 11), the soft tissues
{7, 5, 11, 12, 13, 1L, 15) (including t3e brain (9) and the
cerebro-spinal fluid (14, 17), the blood (18, 19, 20, 21,22%)
urine (9, 18, 20, 223, 21, 25, 26, 27, 28) and feces (20, 2¢)
cf ncrmal persoﬁs of all ages aﬁd occupatiouns, An examinatlon of
tne rasulis cobtained by different analysts in varlous parts of

cac scrid shouws them Lo be 1n remarkably close agreement, with

due allowance for variations in the zensitivity and accurscy

ore anualySical methods employed. The general nattern of

ncrmal lead metabollism which we have described in relaticn %o

e american ﬁcpulatigﬁ seems to héve been confirmed, nct on
28 u.erican znvironment but in the several countries iIn wniel
ar cuservations have been made. df cartlicular interest te

1

us ir fals connection are the results ootained by Lynch and his
zssocia®cs (I; on the lead content of the 'hones of presumabl§
normel persons (ireat Britain), and those of Towpsett and .nderscn
{3), and Tcmpsett (10) .n the leasd content of ke skeleton and
sof't tissues cf human [stuses and human beings of widely varied
ages (Greab Zri%asin), Thesce data would seem 5o chow thabt 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
characteristie of normal human beingzs in general, ‘e are

Justified, therefore, in making a confldent restatement of the

facts with regari to normal human lead metabollism iIn thelr cimplest
-
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termde. Tne adult American inges

5

8 lead in nis

focd angd drink

to the extent of approximately 0.25 milligrams per average day {20)

(¥s probably inhales a small quantity of lead from the alr he

vreavhes (29, 30, 31, 32, 33, 34, 35), although

and the proportion absorbed from that wnich is

inhaled are cone

jectural.) MNost of the ingested lead traverses the alimentary

the amcunt innaled

tract unaboorbed, but some quantlty is absorbed as iz shown by the

constent vresence of lead in the

e mean Jdaily Tecal output of

srams 12C), while *the daily urinary

e

lead 13 approx

imetely 0.25 milli-

srams o 0010 milligrams (20, 26), the variation being chiefly

relutgs to weather conditions w

tissues, the blood, and tre urine.

output varies from 0,02 milll=-

ith their attendant influence upocn

urinary volume (26)., The lead of the tissues is distributed in

accordance with a definite pattern, with the msjor portion in the

skeleton (and avparently wlith a higher concentration in such

=

sone

[ ]

a2z The femur (5, 1C), but with measurable and apparently

long

falrly conatant quanitltles in the sof't tissues, especlzlly in such

as the llver, kiéney, spleen and brain (2, 9).

guantity prrcent in the adult o
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cl the pauciity cf datastubt L% i3 crobably not ies

nor weore than 200 ng. =il due

' (2,5,9,10,35). 3artk (35) supplied data wnich fn his opin?

ody is somewhat

5

regard ko varia

zolnted to a pregressive slevation of the lead

slteleton with progrecsing age.,

youth and 0ld age wers too slight and tos irregular

vineing. Tompsett (10) found similar and even

in different bones of the aeme

Tonever the Aiffzrences

skeleton and in

different persons within the same age grour.
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larger varis
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furnished by the study of the tissues and excreta lndicate

facts

that

wilthin certain limi s, of %gﬁage, a state of dynamic equilibrium
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13 malntained in which progressive lead accumulatioc: in the tiszsussz
2oes not occur, intake and outout having come into balance after

-

a certaln level of absorntion has been »sached, 3ignifilcant

cr

varlations In absorpticn and excreti.n occur from day %o day, but

tne normal metavolism of lead, as ccmparsd with that of the more

cormion metallle constituents of living material, is remarkably

stablle, ' “hether or'not leai i3 useful in thysiclozical mechanisms

is an open guestion at precsent, but regardless of the evenbtual.

ansver to this guesticn, the concept of lead as an accumulative

poison, without regari to guantlty, Mas received i1ts death blcu.
Llsevuhere, ve have interpreted the forezoing facts

in their relation bo the diagnosis of 1lead poisoﬁing (37, 38).4

It is not our rurpose tere, therefore, tc zlve further detalled con-

sideraticn to this aspect of %the subject, ‘e merely wish to stress,

the necesslty for tauwing strict account of the/ltnits o ucrmal
¥

voriatlon iIn the elinical interpretatlion of data on the le

;_,

¢nf o the flirues or the excrets of paftisnts., Ia view of 7/

oresent nowledge of the acrmsl picture and ¢f leviatio-on izluced

Dy avnermal a2mposcre to lead comrounds, lead aunlrses of var"o13 .
Srpes fTake thelr lace az inveluwable di:zrosilc alls, =al -5 wrefual
clinical and 5"3§c0-135a1 evidence. dovievor, usn srocedurss

necome useless and sven Buly misleadinrg unless ther are carried

out with pdrecisicn and inZerpreted wlih Sue rezard for the avallatle
knonledge as to the benavior of lesad, Iloreovar, analytical data
cannot be substituted for sound elinical cbsarvatlions in any of th
filelds in wa.ch they have come %o be useful adjuncts.

The ultimate sources of fthe lead walch is found in

,M
[&]

human food merits [further cons*zarnt-:x and further Zetailled study.

As we have pointed out previously (39), the increment cf lead
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contont above that whilch is a nocomal zsonstituent of cur food

sunstances, 1s due to contaminaticn from a great variety of

sources, some of which =re cfi recent and some of earlier origin,
A number of the earlier scurces of centuminaticn of food and drink

have disappeared, some by acciient and others by intent. Cur data
on the fecal lead output of norma2l sersons in varicus sarts cof
the Unlted Sftates and Canada, as collected over a pericd of more
than a decacde, do ¢ glve evidence of a tendency toward a pro-
sresslve Increase in dletzry lead., This i3 nct fo imply that

cur sanmpling of the populaticn has been such as to 7ield adequate
Information on the ertent or the causes of variatlon in %hese
ﬁespects. Yevertheleszs w8 have been struck by the essential
uniformily ol %he data cbtalned from yesr to year, and we doubt

. 3

the occurrence of any recent progressive increase in the lead

-
k4 FUOS I . RPN M “.s [ - oo - b S ey -
intaize ¢l TMo americ:m rovulavicn., e Jo nob sugrsest, “onever,
any ovuAresyn? 1okt rslaxation of *he efforts belng maic Ly *acze
S e ey ~aaen T e -1 /- Lammryr? Ay b) bR 03 AN e v S sm e e ale wg
srga_ e Ln € SUREIVAILLON, Nanfling, 20U 2I0CSsling i ol
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safety In tha matier oo leald szzorpiti-n, In Tofll the renersl and

the Indusfrial-pefuluiioun, can be found culy Ln Juwwrten ‘xpeereﬁt i
studles of the fate of lsal dhen fntroiuced into the buman Sody
cugh varicus avenuss ci entrance. e 1ave llustroted cerkaln
abnormallties 1a the lcad contant ¥ "he 5issues nd axcreta o
cersons axposed to auvnormal guantities ol lead Loth of occcupatiosnal
and ncn~occupational origin (4O}, In obsmervatizns made chiefly in
varlous lead trades, we found a corrslation betueen the rate of
lead excration and the severity of lead sxposure. The avallible

data anpeared to indicate thac withla csrtain limits of inereasing

Ve 8 015¢0



gxpesure and presumarle absorptlon, there was a oroportional

increase in the urinary oxcretlion; with further increazes in exoos

there was a progresszivsly iminishinzg Increment of increasse In
the excrstory response., There was also an ilnconpletely defined
relatlionship bebtween Cthe magnltude of the lead exposure, as pore-

a3 Ine

trayed by rate of lend excrei

-~
(59

s and the occurrence of 1

[

k2
-4

(v}

toxication among the workmen. /e came to %the coanclusion, wnt
Shiels (L41) has since reached from his observatlons, that lead
poisoning may be expected To osccur under cccupational conditions
in which lead 1s excrsted by representatlve workmen at a mean
rate above 0,21 mg., per liter Iin the urine. In subseguent plant
stadies we have kept in mind the need for deflning more precisely

. 5 -
in terms3 of lead excr

(0]
ot

fon, the hizhest level of 1l2ad exposurs

corpatlnle with ccomplete freedom from clinical lead intoxicactiun,

LY L

45 gvidoace ol some progress btoward this goal, the fcecllowing

2cens chiervaciing are vrejorcad,

Sroups selected as representacive of the

O
N
4
6]
:ﬁ’
-

varis.s cecuanations Ian three different Industries, were exaninsd

Dy mechods walscsh we have detaliled previcusly (iuZle Varlizus

- ) ~ - 3 - K Q] - -, .

Samzies of blood, urine and fzeces, as indlcated In the data, were
PSRN 4 r - A . -t - - oy de ey ? -~ M

ottalned with BWTtabls cgrecautizng nzalnst ceantumirntion, The

work of each zroup Invelved exposure only to particulate Ilnniganlce

t -
3 3 T, yea * P ~ M - . N 1 Lo’
lead compounsls, The men In Troup a,. ail 2njagced v the samns sensr
- oL, Te 1 R 3 [ SR 4 1a % ) - cag i ¥ A s B "o M .
trme ol uorls, nandled = Tinished .asterial whieh contoined L2l 'n

esscentlally inscluble form in a sillceous base., The conditions of

 The full deoba of these studies willl e -4iven slsewhere. 5revit§

necessitatss use of only thoue ifems of Informabion and dafa wnizh

i1llustrate the points under “iscuzsi:in here.

(28 01561
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of lead tb wore than a theoretical extent, The men in Sroup =

sere smployed In varlous %ypes of sclierlng activities, but all

had The same ftyge, and apparantly sbout the same Jdegree of exposure
to Tummso of molten lezad ant to Tinely divided metzlllc lead and lsacd
oxlTe, The men in Group C were lllculse exposed only to fumes and
to noertionlate lead resulting from wvaried tjpes of oneraticns with

molten l8ad and lead castings. However the oneratlions in this

e
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=
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-
W

a3 represented by this small group of worlmen, involved

variable degrees of lead exposurs of a generally grester

3
(4
LY
.

- $ ~er 1, ey ) -
severlicy than %hat of the other pla

e clinical data on Zrouns A4 an?d 3 were

23

catiine 1t s case of Zroup C, however, certaln Indiviiuals wers

-
seen tC zav: avscrbed lead in sufficlenft quantikiy tc sroiuce
N b - -~ e P By . )\ / . r'3 -
31ight tub deflianite siagival blue lines, dharadtsrisiis changes

. . . /
in Ths bloocd plicture, und sligznt bub unmistakable eviﬂences of

neurc-muasular danage. In addlition to these objectlve findings

La 2 > - Tye - 4. © 2 3 FA RN 4 4=
caere werz scabttared Dub sugsestive evidences of iacr toxlc
£ 3 5
< 2 Y - ~ ey 2 Wt de
effecss in the fcorm of wvague zastreo=intzsiinal cormplainisy, Cne

Eynical hictorg.of o recont zplscde of saturnine colle w23 husine

[

Yo nistory of fatal cr sermanensly disavliagz plumblam csuld se

elicited from manageient, slant fhysician, or employzes over *he
per’cd of their direct inowlzdge ant expsrlsance. Zinprovements In

ventilation had been made some two Jesrr zravisuzly, since nhich
tire caszses or suspected cases of Incipient Intoxicaticon nad been
cared for eifther by temporary cessacion of employment or more

frequently by transfer to uorlk involving less exnosurse,



The age Jlstrihution of the wen gselected
to represent the verious occupabticns in sach industiry, as given
in Table 1, is of interest only because it Ademonstrates the repre-
senbaticn of widely dlvergent age groups. The Auraticn of con-

tinuous exXposure, shown in Table 2, 13 corrzssponiingly representat

¢l moth short and long pericds, except ‘n the case of Group A in wnl

the longzst perlod of employmznt colinciled with the 11ife span of

fd &
the industry up to the time of our observatioas., Ths data in Tabl
3 and 4 on the Tecal ouipub of lead, {resuits uers not available f
izn %o our pravious Zemche
the role ol allmenfary lz3ad as an apgroximate measure

of The maznitule of cxyuosure In Justy lend tracdes. The Alffercsnce

Q
ot

petueen the resulis zutained in the twe groups is n signilicant,
statlsticeally, on the Dasis” of comparison of tlhe meszsn values for

zcal @vacuacsicn, Houaver, the Luo zroups

=

ALy
—rh

3

) . CN-Y ] T N S [ ) P =
are siznifflcantly different «lth resgect Se al

ncary ocutosub

values are aboyg mesn vwormil levels,

The results ‘on. the urine |(
wore signifizant than those on *he Soces, hoth
chyziolozical meaning and “n "he c2larity wifta whiszh they coriray
dl7ferences ln the le-d absorption of the three groups of workmen
The mean rate of urlnary excretlion for Croup 4 ic within zormal
limits, as was expected; that for Group B is higher, and tiu-t for
Group C is still higher, both 2ifferences bvetng of statistically
significant proportions. Thaus the analyiical rssults on the

in the plant, arnd.

)
=
[ 2]

excreta correspond to the observed condliti:

Y& 8 01563
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verify the exlstence c¢f throe Jifferent levels of lead excosure

3.

and absorption, *

It g matbzr of hoth 3cientifle and practical

}-
D]

'JQ

mocrtanes that the resualts ovtalned on samplss of blcoi (Tavle 4)
from workmen in Groups A and 3 do not differentiate these two group:
with respect to thelr absorptiin of lsad. It i3 probadls that a
Z1fferentlatlion would havs been effected 1f a larger number of
blood samples from Group = nad deen analyzed., Turtaernore three
analyses on blood frox lndividuals In Group C, yielding 0.09 mg.,
023 mge, and 0,49 mu. per 100 grams of bloecd, leave little doubs
ar Yo the status of the sgroup In this respect, levertheless, the
lact remains that with due rez-rd to the numbers of samples
avallable rfor analysis, the results on the blood do nct yleld as
definite evidence as those on the urine, with respect to ths
conditions under study. (The mean value of 0,078 + C,.007 for

She urinary results uhich correspond to the fourteen analyses

on the bBlood in Sroup B 1s significantly zreater than the mean
for Croun A.) The reason for this can bve found, nwe bellevs, in

shysioleosienl cenalderations. Tlrinary lezd excrs

- Ty N - - e%n - - - i 3 e < v D e SR S

person to person ani In the same percons 9wibth a wvarlsty of individua
N b

v T o ) e - - N by 1. - o

3 terminations of the particulate Lead In the atmoapr:ire ¢f Plant

ot

3y as carrled out with standars methots Ly cther chucrvars o
somewhat earllizsr Jdate, provifie useful corrclative data
lead conceptrations ranzed fronm 0.955 mZe b up to 0,53 inz. ©b per
cubic metef of air, with a mean value of 0,21 + 0.02 m’

meter Iin thirtyecne air samples taken from various parfs of the plan




and gnvironmental factorz, ZZoiever, *the concentration of lead
in a sample of urine collected over a2 gerisd of Lwent
seventy=-two hours, in accoriance ni*h cur proctice, shows some
degree of response to all the phyciocloziecal factors active during
that period, including variations in lead absorption. 4 single
bleccd sample, on the contrary, illustrates only a momentary
physiological state, =hic:y, under essentlially constant cond
of lead exposure, may concelvably represent the general level
of the lenad metabollsm more acdedquately than a sample of urine,
tut which under cond tlons of variable or internmittent sxposure
could scarcely be expected to <o 0.

The clinlecal and analytical data a3 a '.':hqls io

.

not jus Sify sweeping conclusiins, Jurtier situd

Cu
|
b}

L
33
U
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o

industries and of others with different basic levals of lead
xposure will be required to del
the usper level of lead exuosure whic‘ 1s compatible ~1tn hnxaan

safety.' Hovever thece observatlions represent another zten toward

. ]
that Z0& e
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