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ties of lead varying from 0.05 mgm. to somewhat more than 2.00 mgm.
per day, the mean daily quantity over a period of months belng
approximately 0,30 mgm. (1,2,3,4). He inhales air contalning &
snmall quantity, which probably rarely exceeds (.10 mgm. per 24
hours, and of which only a portion - doubtless a variable but
othervise unpredictable portion -, 1s retained by the respiratory
membranes and eventually sbsorbed into the tissues, the remainder
being sither exhaled, or trapped in the upper respiratory tract
end gsubsequently swallowed. (The quantity absorbed is so small

a3 not to be apparent in prolonged studies in which the total

lead output 1s balanced against lead intake by ingestion only,

and is, therefore, generally insignificant.) Little ingested

lead 1s actually absorbed into the body. A very large propor-
tion of it traverses the alimentary tract unabsorbed and appears
in éhe feces (1,4). Some small portion is absorbed and distributed
into the tlssues of the bdbody, including the liver, from vhich 1t

5

18 partially secreted back into the alimentary tract with the

R

bile. The effect of, poor alimentary absorption together with

the biliary secretion, (and perhaps other lead-containing secre-

tions into the slimentary tract), is to mseke the daily fecal lead «fﬁ

output &lmost equivalent to the total intake by ingestion. The
small quautity that escepes elinminstion in the feéea finds its

vay into the tissues, the blood, the body fluids and secretions.



The concentration of leed in the blood at any particular time
depends upon two main factors, viz - the rate of absorption from
the intestine or other avenue of entry, and the quantity of lead
in the body as a whole (4). Thus the whole bloé& of normal
healthy American adults usually contaips from 0.01 mgm. to Q.05
mgm, per 100 grams, with a mean concentration bf approximately
0.03 mgn. per 100 grams (3,5,6,7) . tCéncentratione &s high as
0.06 mgm. per 150 grams are occas;onally)found.) Very little of
this is in the plasms, 95 percent or more being found in the ery-
throcytes {3,5,7).‘ Leoad 18 fcuﬁd normélly in the urine in quan-
tities/varying from 0.01 mgm. to Q. 08 mgm. per liter with a mean
concentration sl?ghtl; in excess of 0.03 mgm. per liter (,,o 8},
and in the sweal in concentraticns of the same éfder)of magnitude
(4,15). -2he lesd in the tissues 13’ distributed in accordance with
a definite pattern. The major portion 13 found in the akeleton (9),

‘the lcag vones such as the femur contalning higher concentrations

tasn the flat (1,3,10). Heasurable and fairly constant quantities

are found in the other tlssues (1,3,6). The average gross quanti;ZS

ty of lead present in the body of the normal human adult is some- o7
vhat in doubt, but it is probably not less than 100 mgm. nor

more than three to four times this quantity, with due regard to
variations in body veight (1). Barth (11) belleved his data on
the skeletal lead pointed to & péogreséibe increase in the concen-

trations with age, but the differences between youth and old age
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vere too élight and to§ irregular to be convincing. Tompsett's (10)
results algo suggest the occurrence of progressive accumulation
throughout life, in that they show & statistically significant posi-
tive correlation between age and the lead concentration in certain
bones, (The results of a statisticsl analysis of Tompsett's data,
combined with certain others, have been reported by Morris (12).)
Hovever, the variations within narrow age groups were almost as
large as those between extremes of age, and the individual results
vere frequently beyond the range 6: the normal values gilven by other
vorkers, Thege facts cast doubt upon the validity of conclusions
vith respect to the time factor, and they certainly limit the appli-
cation of conclusions tc any other than the locale of the observa-
tions. A psersonal communication‘from Tompsett, on the lead content
of certain water éupplies’in Glasgow, has confirmed our tentative
conclusion tﬁat there were sources of unusual lead exposure in the
community from which most of his cases were dravn, Lead does accumuy

<
late, at least for some years,vhen lead is ingested 1n quantities o

several times in excess of thosewpresent in the normal American di&¥’

(%,15), but tHEM8™1s little or no accumulation under norma) or @?
average conditions of lead inﬁgke'(ls). The indirect evidence agaiz;t
the lndefinitely progressive accumulation of lead in the tissues of
persons exposed to falrly constant and essentially normal environmen-
tal conditions is much too great to be ignored. It has been demon-
strated that the urinary lead excretion of individuals and of groups
of versons ﬁggijﬂﬁﬁie'ﬁﬁ?varies vith the magnitude of their current

lead absorption (1,%,13,1%), and that an abrupt change of even



& fairly prempt change in the rate of the urinary lead excre-
tion (1,%). ?>rolcnged observations on persons maintained on cone
siderable increases in dally lead intake have shown that the
excretory response to a constant Abnormal level 13 not maximal
immedlately, but 1t gradually builds up at & rate wvhich I1s de-
pendent upon the size of the increased daily dosage (4). Perscns
on the normal dally intake of 0.30 mgm. Pb or less, on the con-
trary, show no progrec<’ > iacrease in thelr urinarv lead con-
centration (4,15;. .~.cover, studles on gro.ls Ga Workmen #Lth
prolenged exposure to fairly constant and apparently safe occu-
pational conditicns have shown that the group levels of urinary
laad excretion do not increase progressively but remain substan-
tially ccnstant over long periods of time (years) i1f little or
‘no changs occurs in plant conditions (15). Such facts can hardly
( be explained sxcept on the basis that the rate of urinary lead
excreticn 13 determined in large part by the gross lead content
o}.the body as an organic whole, and that the maintenance of a
~———

_constant or nearly constant rate of urinary iead excretion Is

evidence of an essentially constant concentretion of leasd 1n the

O

01

s
Ly
=

body. There ls sound basis, therefore, for the ccncept that within

certain limits of leed intake, a state of dynamic equilibrium is

maintained within the human body vhereby lead intake and output

ere balanced ¢ver long peridda of time, and progressive accumla-

tion in the tissues does not occur. /

L

~+ue lmportance of the. comsiderstions outlimed im thel
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the problems of »Hubllic and Zndustrial hyglene that arise from

the use of lead commounds. Since leed is an inevitable constituent
of human tissues and sxcretions, it i1s quite cbvious that there
are certaln normal and nhysiological mechanisms into which this
element enters, wvhether lincidentally or usefully. There can be

no doubt that lead can be introduced into the human body without
prejudice to the normsl health and development of the organism,.
and that a toxic effect on the nart of this element és wvell as of
many others is a matter of concentration. The degree of control
of publlic and industrial lead exposure vhich 13 necessary to avold
human hagzard, therefore, should be based on precise information

as to the limits of lead exposuré and absorption which are un-

attended by any toxic manifestations. ' 5~ ) ’ % l

b :
/
Theo Zvidences of Occupatlonasl Lead Absorption | l

"he existence of cccupsational lecad exposure can usuallyl}

: . \D

be recognized by a survey of the materlals and actlivities in an \;j
-t

industrial pl1EME™ The general order of magnitude of the oxposurs gy

6@“

can be estimated by the determination of the lead content of thé ot
atmosphere of working spaces, by the use of standard methods (16,17).
By such means it 18 usually »ossible to determine the degree cf

the occupational hazard and the extent of the need for preventive
and precautionary measures. Indeed 1if the lead content of the
atmosphere of workrooms in the lead trades were maintained generally

within the limits now recognized as safe,occupétional saturnism,



cause
from any other/than accidents and the unroreseen effects of

changes in plant oneraticns, would ceese to occur, However, so
&3 the hsazards of nany nlants cre not under such control, apd sc
long as oppeortunit’as for accidental and inedvertent lead exposu
exist In industry, 1t will be necesasary to provide medicalvsuper
vision which will be on the alert for the silgns of potentiglly
dangeroua lead absorption. The physiological evidences of lead
absorption above the normal level should be clearly understood,
therefore, for their immortance not only in Iindustrial hyg.ene bu

I [also in general medical and medico-legal »ractice.
L )

B R e

B , [ ve earlive: . . :levated lead ebsorotion, and one:"
[ i wnlch Ju: tunately, L. _recific rfor lead alone, 13 found ln an in-

-

cregﬁéd rate of ufinary lead excretion (+4). The demonstration oi
a small ‘‘ncreese requires careful procedures for the collectlon cf
samples and detailed movledge of the nhysiological Iactors
concerned with the urinary excretion of lead., Various nubllshed
statements have appéared to the effect that the urinary lesd {alls
e " .
frequently to reveal the extent of lcad zbsorption, that lhe re-
sults obtalned on urine samples are too varisble, and that the'l

O

blood, more constant as to its lead content, should be used ror-
-

cbtaining analytical *nformation. Those concluslions have surun%ﬁ
from lnexperience or from the use of inadequate methods for théﬁ
collection and analysis of samples, It ia true that uripery sam-

-

ples of small volume obtained at random are subject to considerable




variation in their lead content. In individual cases, the latter
varies chiefly with the urinary volume during the period of collec-
tion, i.e. 1f the urine is concentreted the lead concentration 1is
relatively high, 1f dilute from high wvater intake or diuresis, the
lead concentration 1s relatively lowv. This factor can be controlled,
in the case of small volumes, by proper selection of the time of
sampling so as to avold extremes of water intake and output; 1t

can be eliminated altogsther by collecting one or more liters of
urine, making sure that no unusual quantities of liquid are taken

to speed up the collectiop of the sample. Equally important is the
avoldance of contamination of urinary samples, and the smaller the
sample tﬁa greater must be the care in this respect. Urine sam-
ples collected in the usual type of wvashrooms or medical quarters /\
in menufecturing plants, or obtained by customary hospital procedures,
or, 1n fact, secured by any other than by precise rethods controlled
by the ?xaaner, are not only valueless but grossly misleading as

to their lead content. Le#d is ubiquitous, and it is difficult

" A n
under the most favorable circumstances to avoid all sources of

N
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contamination. HNumerous case reports in current journals 1ncludez;;

analytical data on the urine which by mere lnspection can be dis- %ﬁ

3

no relation to the conditions of exposure known or believed to have

carded as erroneous, 'In some inatances ﬁhe quantities found bear

existed, and in others they are entirely beyond the maximsl limits

of urinary lead excretion. In this connection it should be pointed



cut that a urirary lead concentration in excess of 0.5 mgm. per
liter is a rarity, that concentrations higher than 0.3 mgm. per
liter are assoclated only with gros&ly dangerous conditions of
lead exposure and sbsorption, vhile values exceeding 0.20 mgm.
per liter do not occur in any other than highly concentrated
urines without a definite and significant exposure to lead such
as is assoclated with the admittedly haiardOua lead trades.
in practice, cne must depend upon results expressed
in terms of urinary lead concentrat:gn rather *hoo orothe hoets
of leaed cutput per unit of time. ‘he urinery lead concentration
can always be'determined, but mezsurement of the excretory rato :
on a tlme bass 1s not always feﬁgiblq, and over short periods «:
tlme 1t (i Lo <uvaniage over raﬁdom/sahpi;ué. Moreover , wae
extensive data on the urinary conceﬁtration of leyd under a wid
variety of conditions, have given it a practical significance
which 1s acore certain than is that of the lead_outpqt per day.
For .omparative purposes, therefore, anaiyticai results should )
— e~
alvays be expressed in terms of conceatration, and wvhen possible,
on a time basis as well. o o
The greater stability of the blood, with respect to %i
1tas lead concentration, from hour to hour, as compared to the
urine, 1is unquestioned. On the other hand the change in the
blood concentretion as-a réaponae to lead abdbsorption is propor-

tionately less than that of the urine, the result being that the

effects of exposure are more easlly demonatrated by the urinary



lead concentration than by that of the blood. The chief advan-
tage of the analysls of tiiz blooup=ter Sir iuisctw "PI00Sdy 1les
in the fact that it requires no manipulation on the part of the
person examined. If proper precautions are taken by the examiner,
therefore, no factor of contamination needlby considered. Blood
samples, however, must be taken with the utmost precaution in a
dust-free room, by means of speclally fabriqated needles, into
specially cleaned containers, The minutest details of handling
are of the same importance, though of different type, as those
used in the maintenance of aseptic technique in surgery. Lead,
like minuﬁe living organisms, enters 1into samﬁles through the
alr by means of contact with any save the most meticulously puri-
fied water, feagents, glassvare and other equipment.

The value of the_analysis of the feces of groups of ex-
posed vorkﬁen as a means of determining the relative magnitude

of theif l=a® ~:—~sure by ingestfon and inhalation has been uveziced

L R © 5% RE - e —TTSI L omse &V 8 considerable

proportion of;dng;pin the respired alr is caucht i~ the upper fg
respiratory tract and sﬁbsequentiy swa;;owed,.Che quantity of ;z
lead appearing In the feces provides a8 somewhat crude but highly'éﬁ

useful measure of the exposure for the perlcd represented by the %3
fecal sample, The lead in the feces 1s predominantly ag#, indeed,
‘almost wholij ingested or inhaled (subsequently aﬁallowed) lead
under any other than the moust unusual circumstances., It is pro-

bable that considerable quantities of lead may be secreted 1nto



11,

the alimentary tract for a short period following the absorption

of very large amounts of lead, but, in the main, the true alimen-
tary excretion of lead 1s quite small. It is probably of little
greater magnitude per day than that excreted in the urine, and

i1t may be even less under certain circumstances (4,15). This true
alimentary lead excretion 1s completely masked by the much larger
quantity of unebsorbed lead that 1s lngested with the food under
ordinary conditions. It is quite impossidble to determine its
magnitude or even 1ts océurrence when ‘lead exposﬁre cccurs through
inhalation of dusts, for under these conditions 1t is an exceedingly
minute fraction of the fecal legd; For these reasons the fecalb
lead, as such, bears no significant felation to the lead céntent

of the body of an individual, and indicates nothing with Fespedt
to absorbed lesd. As a mcans of éstimating the lead absorptién of
elther groups or individusls for diagnostic purposes it 1s wholly'] .
vo£thless. |

Other signs cf lead absorption above normal levels are,
T ‘
(1) changes in the quantity and distribution of basophilic materisl

within the erythrocytes, and (2)'the appearance of punctate de-

01649

posits of lead sulphide in certain mucousmembranes, especlally

in the margin of the éum tissue. Nelther of these signs is indl-

LE B

cative of lead intoxication. Both occur in entirely healthy per-
sons, except that the gingival lead llne occurs only where sulphide
1s present in the gum tissue, and, therefore, it 1s usually &sso-

ciated vith a lov-grade gingivitis. It 1is rarely seen in the gums
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of children, for example, among vhom chronic gingivitis 1s un-
common. .

Punctate basophilia, or "stippling” of the erythrocytes,
within certain limits, 1is of normal occurrence in the humapn blood.
In examining the blood of some thousands of apparently nérmal
healthy adults free of occupational leaq exposure, my assocliates
have found such erythrocytes in numbers rahging from one or two -
up to aa high as six thousend per million erythrocytes. Some &
percent of the group showed one thousand or more per million
erythrocytes, vhile the mean figure for 784 persons was 329,18
J 9,72 per million erythrécytea (18). The number of such stippled
erythrocytes in the bloocd shows 1ittle or no change with small
increments of increased lead intake, but at higher levels of ex~
posure and absorption thelr ﬁnmber in the circulating blood tends
tO»in;rease. Considerable vsrigtion in tho degree of individual
response 1s observed, and fairly wide variations ocour from day

Al

to day, but with increasingly severe conditions of lead exposure
there is a d;;;;;;; trend towvard.increasing numbers of stippled
erythrocytes in the blood of exposed vorkmen,'if comparisons are
based on groups rather than individuals (14). These facts are

résponsible both for the usefulness of reguler microscopic exa-

T

£
O

-

£

minsations of the blood of vorkmen as a means of estimating the Eﬁ

severity of occupational lead exposure, and for the insdequacies

of such measures for diagnostic purposes in individual cases.



Suffice 1t, for present purposes, to point out that hasardous
exposure to lead compounds 13 assoclated with the appearance of
definitely abnormal numbers of basophilic erythrocytes in the
blood of a considereble proportion of exposed workmen,

| A "lead line" may &prear in gum margins vhich are the
site of bacterial invasion vhenever the lead content of the in-
volved tissues 13 sufficiently elevated. We have observed the
appearance of a faint blue line at the edge of an infected gingl-
val area in one person whose blood contained lead only to the
extent of 0,05 mgm., per 100 grams. Easily ldentified lead llnes
signify somevhat higher levels of lesd absorption, and in general,
they are indicative of hazardous lead exposure, Nevertheless, ob-
vious deposits of lead sulphide are seen in t?o gués of persons
with no demonstrable symptoms or signs of lntoxication. They must
be differentiated from similar deposits resulting from the pre-
cipitation of other metallic sulphides, notasbly of bismuth, and
they must not be confused with the normal pigment of negrces and i
correspondingly UArk-skinned pecples. The former differentiatiqn is
sometimes provided by the medical history of the persocn in queatioﬁ,
but may require analysis of the bloocd or urine or both; the latter
can usually be made by careful study cf the locus and appearance %;
of the pigment. The natural pigment 13 rarely found in the gum
tissue on the lingual side, while & favored site for the firat %;
appeaflnco of lead line is in the extreme lingual edge of the Eﬁ

gum opposite the bilcuspids ahd molars, especially in the lover Jav,
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The bluggp purple line of gingival congestion may be taken for
lead line by ths inexverienced, and eapecially if examination

is made vithout expresslon of the blood by means of a transparent
applicater (such as a glass slide}. More frequently, the stained
or discolorsd surface of a tocoth just visible beneath a thin layer
of gun tissue is mistaken for & lead line, The differentiation is
not always easy and resort muast sometimes be had to the use of a
hand lens, or even to biopsy folloved by microchemical or spec-

~ -

trographic analysis. \ X

<he Recognition of Dangerous Lead Exposure

The differentiation of harmless from toxic human lead
exposure 1ﬁ\any)f1nal sense, muat be based upon adequate means
for detecting %he earliest or the slightest toxic effects of
leed upon the human organism. S¢ much has besen said and be-
lieved about the insidious and unpredictable effects of lead ab-
sorption, that 1t is difficult to approach the subject in s

T
realistic menner. Admittedly, in the case of lead, as well as

R~y
of most elements and compounds wvhose physiological behavior caniig

amsIn

not be defined in complete detail, 1t 1s well to maintain open- )
ness of mind and acuity of cobservation, with respect tc remote %g
effects upon general health, well being, and length of 1life, that‘
mey accrue to individuals .nd groups as the result of prolonged

exposure, Nevertheless, careful clinical study of workmen under

lnown conddtiona of laa’d ernosure over neriods of vears. has DrOe-



|

I)’

]of these points merits careful consideration.

[
b

vided convincing evidence of the validity of certain working
principles on vhich modern hyglenic practice in the lesed tredes
18 based. These principles, stated in general terms, are as
follows, (1) that the toxic effects of human lead abscrption can
be detected and ldentified as a well defined clinical syndronme
despite some variability in details; (2) that persons who do not
develop lead poisoning in recognizable form, suffer no demonstra-
ble injury to their health or well being as a consequence of
their asbsorpticn of lead; and (3) that dangeréus lead exposures

csn be differentiated from safe on a8 quantitative basis. Eeach
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The conviction or the acquittal of lead ss the causative
factor in the illness of industrial workers 1s relatively easy if

the conditicns of exposure to lead are well known end 1f such 111-

\

ness 1s subjected to adequate medical study at the tine 1t develops.

Por thls reaf®™ehe attending Industrial physician shiould have

considerable advantage over other physiclens who :ay be consulted.~

The latter usually lack preclse information &s to the exposurs,

and, therefore, nust elither accept hesarsay information on that

score, or resort to indirect means for dstermining the facts, i.e.%i

L

O

laboratory evidence of lead absorption, Such indirect evidence can

be obtained satisfactorily only if the patient is seen early in

the coursse of his illness. Unfortunately & physician is=s often con-
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sulted scme time after the subsidence of the evnisode of intoxi-
cation, end in such case he musat depend, for this and all other
data, on sources that are likely to de inadequate and are some-
times unrelliasble. In view of the differences of ovinion that
arise cut of these circumatances 1t seens advisable to discuss
certaein major aspects of the diagnosis of lead poisoning from the
viewvpoint of the general physiclan, whose knovledge and JjJudgment,

as ccmpared with that cf the industrial physician on the sacene,.

must be in keeping with the more difficult problem with vhich he 1is

presegted. In this wvay the scope of the dlscusaion vwill extend

' somewhat beyond the toxic effects of ‘lead absorntion as an indiza-

tlon of harzardous leasd exposure, It 2=~ "o oelliTel D e Ll
Fulness 77 ihaneed—-theweby AN oo o 0T ab wlaa tts

/

T 7 lioRosas of plumbism 1s based upon (a) a history

-

of significant lead exposure, (b) the presence cf an 1llness or

8

injury which 1s consistent with the known clinical pictﬁre of -
lead intoxica®IPI and (c) certain corroboratlive laboratory fin-
dings. The first and last items of this triad might well be com-
bined into cne, 1in practics, sincé they lead by different means
to the same end, - that of implicating or excluding lead as the
specific toxic ggent -, and in that role the one supplements and
in some instances substitutes for the oiher. Hovever, they can

better be discussed separately.

LE @ 01655



The history of lead exposure a3 1t 1s commonly recounted

to the physiclan 18 llkely to be worihless and is often misleading,
not 80 much becsuse 1t may be intentionally colored, as because 1t
gives an ingdequate basls for determining the severiiy of the ex-

" posure. Detalled knowledge of 1lndustrisal procedures and precise
information &s to the conditions existing in a specific plent or
opération, are absolute essentials for the interpretation of such
an history. If the examiner's experience in indusiry is extensive,
he may sometimes elicit the informaticn he requires by careful
questioning. Otherwise, he will be well advised to use the his-
tory merely as an indicatlion that lead absorption is a possibillity
in the case, and seek information as to the extent of the expo-

sure tﬁrough other channels. The sssumption that employment in
;s |

actual or supposed lead trades lnvolvea nazardous lead exposure 1is
the most frequent cause of erronecus disgnoses of lead pGiabning

in f{ndustrial wvorkmen. It is one which can be avoided only through

the zeneral ecceptance among physicians of the fact that lead expo-
* N
sure nas no meemkng 1n the hyglenic or dlagnostic sense unless 1t w0
\O

results in the absorntion of toxlic quantities o lead. E;

The clinical »icture cf lead noisoning ls Illustrated Iingg

pert by the data cbtained from a series of thirty proved 4ndustria§3
cases that have come to us before the subsidence of an acute eplscde
of intoxicatlion. Tabled gives the sﬁmptoms as recorded, in the
order of decreasing frequency of occurrence, and indicates the

number of instances in which the specific symptom was not mentloned



in the record. Table 2 .ists the physical signs in similar manner
end 'n addition shows when the sign was recorded as absent. Table
2 .aows the chief complaint &t the time of the examination. Uone
3f those cases was seen at the onset, and several vere seen late
in the toxic episcde, the average time between the onset and our
exanination being thirty days. The serles, therefore, 1s charac-
teristic of cases of active industrial plumbism as they occur in
generalror consulting practice in diversified industrial centers.*
From these data it is apparent that the physical signs found in
leéd intoxication, with the exception of the gingival lead line, -
which a8 indiceted previously is not a sign of Intoxication, but
only of abscrption -, are rather few in number and are guite non- -
specific., The subjective complaints, én the other hand, are/} /
numerous, They too are non-specific, but case study shows that
they group themselves in sﬁch & wvay as to reveal the patterns of
the toxic process. Obviously, there 18 a general intoxication in

[
which veskness, loss of weight, and lassltude ars prominent. Asso{i

SR .

ciated with these, and producing  much the commonest clinfcal pic-
ture, is a disturbance of the gastrceenteric tract of which consti- &2
pation, anorexia, and abdominal discomfort or actual colic are %E&
the regular manifestaﬁions. There may bs edditional aymptoms arising
from neuro-notor abuormalifies, and from intoxication of the cen-

tral nervous system. The varistions in the severiti'of these as8s0-

clated complaints cive ~tag t~ t=n *“~~n main ~linical tyves of -
*{omnare the svymHtons &nd oIigns wilh tncge casscribed by hussell -
and his associates (19) ~and Dreessen and others (20) in thelr stu-
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saturnism, -the gastro-znteric, neuro-muscular, and cerebral, Physi-

cal signs, although meager, accompany these symptoms, and by their
type and lmportance tend to establish the character of the intoxi-
cation. Thus, if the only complaints are referable to the gastro-
enteric tract, the physical signs are likely to be limited to
pallor, malnutrition, loss of wveight, and sbdoninal tendernsess cn
examination, or the visceral signs of acute &bdominal pain. If

the neuro-motor symptoms sre predominant, there will be concomitant
signs of motor weakness, paralyses, atrophy or dysfunction of
muscles and muscle groups, or at least disturbances in muscle tonus
and changes in rel lexes. The occurrence of cerebral symptoms,

such =8 insomnia, excessive drsaming, nervous e;citation or depres-
sion, togethsr with headac%p, vg%tigo, nsusea end vomiting, (the
latter four cannot be assumed to have had cerebral origin), may

be seen not to be limited to the encephalopaéhic type of plumbisnm,
of which there were only two examples in thé series. Vhether due
to the effects of lead upon the brain or to ciréglatory distur-
bances, thesd"Byfiptoms Indlcate that the central nervous system .3
involved frequently 1n lead poiabning despit;.the iow incldence

of serious cerebral Intoxication., This fact 13 in keeping with
other clinical end experimental evidence, too extensive for this
discussion, that strongly supports the bellef that the degree of
cerebral lead intoxication is not a matter of chance variation

in individusal response to leed absorption, but is rather an ex-

pression of the extent of cerebral lead sbsorption. Further sup-
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port for this thesis 18 given by the occurrence of the two cases
of encephalopathy in this series, both having their origin in
severe and prolonged exposure to lead dust. It 1s generally be-
lieved that lead encephalopathy in adults is the result of intense
lead exposure, and that the comparative infrequency of its occur-
rence in present-day American industry, in comparison with an
earlier pericd, is due to the eliminatiocn, in the main, of unre-
gulated and grossly hazardous lead exposure. Our experience bears
out this belief. The clinical evidence likewise supports it, in
that wvhen the cerebral symptoms are foremcst in the clinical pic-
ture, the obJective signs of increased intracranial pressure and
of profound cerebral and general intoxication develop, culminating
not inrrequengiy in convulsions, coma and death,

It 183 not always recognised that other serlous or dlsabling
manifeatations of lead noisoning involving the nervous system are
aaaociatéd onl# with relatively severe typea of lead exposure,

The instance of billateral wrist-&rop in this series, 13 o case in
2oint. Our o—.aience indicates that tremcr, hyverreflexia, varying
degrees of wveakness of extensor'mnscles in the foresrm, ond minor
sensory distrubancea are not infrequent in their occurrence auong

workmen under definltely hazardous conditlons of lead exposure,

(4
N

o
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but that full-blown neuritis and paralysia is rare and arises only ES

from severe and usually from prolonged lead exposure. We have not
seen paralyses of the lower extremities or trunk in lead poisoning

in the adult, nor have ve seen optic neuritis and atrophy except in



asscclation with such an obvious etioclogic factor as glaucomsa.

It 1s apparent from the foregoing data and discussion
that lead poisoning as a clinical syndrome resulting froz the less
severs, (i.s. partislly but incompletely controlled), types of
lead exposure thet characterlise the American lead trades by and
large at this time, is essentially a toxic derangement of the
gastro-enteric tract, on vhich are superimposed various functional
disturbsnces of the peripheral and central nervous system, the
type and severity of which depend largely upon the severity and
duration of the lead exposure. This epitome is lacking in one
important rsapect, in that the effécta of lead absorption upon the
blood and the bone marrov ars not included. This feature of the
disease will be covered under the findings of the laboratgry.’

/ J
The laboratory findings occupy an important posit;pn in

diagnosis of lead poisoning in any case, and are especially
valusble, as suggested previously, vhen the severity of the lead
exposure is unknown or open to question. Indeed in many ilnstances
they constitufg the only objactive msens for determining whether
or not there hss been occupationél lead exposure, and for estab-
lishing its potential significance in relation to & suspected or
alleged case of lead polsoning. Howvever, if 1t s useful and of-
ten necessary to obtain laboratory data, it is even more important
to recognize their liﬁitationa.

Characteristic laboratory findings in lead poisoning are

VE B8 n1ssn
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1llustrated in Table 4. A cursory examination of these data re-
veals a number of lmpoi .znt facts.

(1) The erythrocyte count 1s likely to yleld low and
perhaps quite low results, but on the cther hand it may be entirely
normal.

(2) Likevise, the hemoglobin content of the blood may
be significantly low, only slightly diminished, or undiminished.

(3) The leucocytes show no characteristic change. (Al-
though more or less specific, progressive changes in certain cell
tyres have been reported under conditions of prolonged occupational
lead exposure (21), such changes could have but little significance
vhen only one or a fev differential leucocyte counts can be carried
out on the individual cas7:) ;

(%) There 18 a significant increase in the number of
"stippled” erythrocytes in the peripheral b&ood in most cases.
Occaslcnelly, the numbhers are littie or no greeter than those

found in normal healthy persons with no abpnormal lead exposure. -

O
. O

Without excepE!on, hiovever, 3tippnled erythrocytes were Ifound In —
' IR o

the blood of these persons with active lead Iintoxication, and in -
36571

most lnstances definitely abnormsl numbers were found. This 1s in 33
accord with cur experience and that of many other workers. Indeed,
except in rare instances of sudden overvhelming lead intoxication,
the absence of stiippled erythrocytes in the blood during the course

of an active illness 1s convincing evidence that lead 1s not the
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cause of the lllness,

Additional facts with reapect to stippling of the ery-
throcytes may be aummag}zed briefly. Because of wide variation in
the individual reaponsz/%he blood and the bone marrow to lead
sxposure and to a variety of other poorly defined factors, it
is not possible to determine the severity of the lead exposure,
or the extent of lead absorption, in the individuasl case, by
counting these cell forms. There 1s & decided tendency, however,
toverd 8 prompt and progressive increase in'thm number of such
erythrocytes, both in lndividuals and in groups, wvhen the lead
exposure 1s abruptly increased, and in the absence of proof to
the contrary such changes in the blood should be regarded as pre-
sumptive é;idence of increased lead absorption Iin worlkmen in lead
trades. Increases 1o stippling may not be taken as a sign of
existing or impending lead intoxicetion, for large varisticns oc-
cur without symptoms or signs of 1llness, but they should be con-
sidered as' danger signals, tﬂg urgenéy of which is roughly »ropor-
tional to tﬁef!‘magnitude and aspeed of development. The numbers
of atipbied erythrocytes 1n the blood diminish with variable
rapidity on termination of lead exposure, and 1t 1s usual to find
them restored to substantially normal levels long before the lead
concentration in the blood and urine have showvn corresponding de-
crease, For this reason the results in the cases Iincluded in

Table 4 vere considerably lower than if they had been obtained

earlier.
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(5) The lead content of the blood ias elevated signi-
ficantly above the normal in a.l of these cases, despite the time
interval between termination of this exposure and the analysis of
the sample. XNo relationship could be established between the
lead concentration in the blood and the severity of the toxic

episode from 1ts onset or the acuteness of symptoms at the time

of the examination. The bloocd leed concentration may return to sub-

stantially normal levels before the urine dces so, and for this
reason, the urine should alwvays be studied if the case is seen
late in the course of the intoxication.

(6) There 1s an elevation in the lead concentration of
the urine in every Iinstance as shown by the analysis of samples of
large volume (1 liter or more). The necessity for gare én the

{

interovretation of analytical results on spot samples of urine is

illustrated by the results obtained on such samples in this serles

of cases. One of these small samples, obviously dilute, ylelded a
result of 0.07 mgm. per liter; while arother, which was of very
small volume amdwmay have been contaminated sllghtly, gave the
almost incredible figure of O.85lmgm. per liter. Such results
would require checking if they stood slone. In these cases, how-
ever,.the anﬁlyses of the blood and the large samples of urine
provided all the‘;nformntion required to verify the significance

of the lead exposure. It is good practice, therefore, to obtain

Ne R
O
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blood samples along with spot samples of urine in routine dlagnostic

vork, If both the blood and the urine give normal or abnormal re-



(18]
(9]
»

further analyses are required to establish tﬁe facta.

Conaldering the laboratory data as a whole, there 1is
nothing in them, except some evidence of anemia, in most instances,
to denote intoxication, and since anemia due to lead is not speci-
fic in 1ts characteristics, neither this abnormality nor any other
gives adequate basis for a dlagnosis. On the other hand, the
analytical data provide the very significant evidence that hazardous
lead exposure had oqcurred, 1f the time interval since termination
of exposure vere taken into sccount. This, &s previously indicated
here and elsewhere (22) 1s the role of lead analyses in the diagnosils
of plumbism. They rerform this role admirably, but they should not
be given weight in any other capacity. We have not been able to
verify the conmclusion of Smith and his a;aociatea ( 7) that a shift
in the pnartition ofgeaq getween cells and plasma in the blood serum
is indicative of lead intoxication. We have seen intoxicatlon when

the distribution of lead betwsen cells and plaama was entirely

normal, and conversely, we have seen high lead values in the blood,

vith relativelgeahiigh lead concentratlcas in the plasma 1:1 the com- =
.
nlete absence of toxic symptoms. It &Ay be that the lead of the :
‘ -

erythrocytes 1is relatively inert, while that in the plasma is nore

active chemlcally and physliologlcally. This has not been establlshed,

hovever, and the nature of this equilibrium is not understood. Un-

til it is, assumptions should not be made concerning it, except as

vorking hypotheses.
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Ixserience has shown that when occupational lead expo-
sure is Ilnsufflclent to cause at least occasional toxic eplsodes
resembling those described as charecteristic of rlumbism, no
evidence 3 “ocund of vague general disorders or ixpairment of the
health of workers, that differ in frequency or degres from those
seen 1n any comparable group of unexposed industrial employees.

To be sure, cereful studles must be conducted over long pericds of
time t> determine whether thias i3 strictly true, but there is no
presently.availablq evidence which juatifies serious doubt on this
3core. - It 13 possible, however, that the standards now employed.
to define safe lead exposure may be subject Lo slight changes, both
Jualitatively and quantitatively. Of the various standards thatl;
aight be consldered, there are two which by reason of their sound
: p;actical and theoretlical background are most likely to endure.

{1) Expressed in terms of air analyses, the upper limit
of s;fety for industrial lead exposure 1s taken to be a concentra-
tion of l.S‘EEEL Pb per 10 cu...{. of air. One interpretation of
th!s standard holds that "when the air of wbrkrooﬁs regularly con-

tains not more than 1,5 milligrams of lead per 10 cubic meters of

-
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air, as measured bj standard methods, cases of dlsabling lead in-
toxication 4o not occur among the men who work regularly in such
vorkrooms, and cases of questionable or mild intoxication are rares.

In practice, the attempt is made to maintain the lead content of

the air within such limits &8s will yleld an average of not more

e-g 0



than 1.5 mgm. Pb per 10 cu, M. throughout the working day, while
preventing the occurrence of materially higher concentrations \
(5 mgm. per 10 cu., M. or nore)"{(#3). Evidence of the validity

of this standard has been provided by other investigators (Xa,2®), l
and need not be enlarged uncn here.

J
) .
@’ The upper 1limit of saf'e lead exposure as defined on ~

)
the basis of the urinary lead excretlion of exposed workmen is !
represented by &8 mean value of approximately C.10 mgm. ?b per

liter for samples that do not exceed 0.15 mgm, per liter fregquently
snd rsarely exceed 0.20 mgm. per liter. In order that there may be
no opportunity for misinterpretation of a standerd wvhich includea

a range of values as wvell as a mean, some characteristic illustra-
tions of results obtalned on various groups of per?ens ére given !
ia Table 5, 'It should be pointed out that these déta have resulted |
from the application of analytic methods of high sensitivity and /
accuracy. Less sensltive methods will yleld lower valuss under
zorresponding conditions, wvhile less accurate ones may give either
nigher or lover values.

The line of demsrcﬁgion between safe and dangerous lead NS
absorption as drawvn in Table‘f'ia indicated by the change in the [
rubrics under vhich the data are grouped. The lsad exposure that @ﬁ
vas responsible for the analytical results listed under Plant E was Eﬁi
assoclated vith occasional but definite cases of lead intoxication
among workmen. The cases seen during a period of several years in

vhich the severity of the lead exposure had undergono'litfle or no



of wrist-drop had been seen among the workmeﬁ in Plant G, and cne
fatal case cf lead encephalopathy had occurréd. The analytical
results grouped under all three of these plants cover a vide

range and are irregular in their frequencies in the higher levels,
Irregularly cccurring high values are open to the suspicion that
they have resulted from the contamination of samples, and for that
reason they aave been ignored in celculating the means, It is
also true, hovever, that excessively high urinsry lead concentra-
tions are more prone to cccur sporadically, when the lead exposure
of & plant is highly variable, whether because of unavoidable

technical difficulties or through disregard of hygienic measures.

The several sets of data, beginning with normal iadividuals

from whom samples were obtained under the most favorable conditions

J
of the laboratory, and extsnding through those from Plant D, are

quite regular wvith respect to the frequencies under the different

rubrics, All of the results ars credibls in the statistical sense,

and the rcuge of variabllity is not excessive, The range increases,

ovever, vith-Amoreses in the general level of ths lead exposure.

There 1s a distinct gap between the results on Plant D and those on

Plant E. Despite this gap, the upper level of safety 1is set de-

finitely at Plant D, for the reason that vhile no actual cases of

o~
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lead poisoning have occurred in Plant D in more than 12 years, sug- %i>

gestive clinical evidences of inciplent lead intoxication have been

seen from time to time in men vhose exposure has been inoreased for

short pericds by resson of changes or difficulties in plant opera-
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tion other than the elevation of the lead content of their excreta
(and also of their blood, which had & mean level of 0.05mgm/mm.)
These in Plant B sihecwed only & slight slevation of the urinary lesd
concentration. There was no statistically significant increase in
their blood lead concentration over that of persona with no occu-
pational lead exposure, No statistically velid increase could be
detected in the numbers of stippled erythrocytes over normal levels
among the men in Plants A, B, and C, but a well defined increase
could be demonstrated in the men in Plant D. {The relative insensi-
|

statements. ) ' J ] ]

tivity of analytical and microscoplic changes in the blood in de-
tecting lead exposure can be recognized from the two foregoing .
There is reason to belleve that the critical level of
suei'e lead cxposure set on the basis of urinary lead excretion dces
not coincide exactly with that expressed in terms cf air analyses,
end that 1t 1s somewhat on the safe side, Examination of the re-
cont date of Dreesen é;d co-workers of the U. 8. Public Health Ser-

vice (20) woul®wmeem to indicate that exposure to atmospherss cone

taining less than 1.5 mgm. b per 1o cu. m. may yleld urinary values &3
that average higher than 0.10 mgm., per liter. Thelr data, while —

parhagsvnot cowparable to those given above on a strictly quantitea- &5
tive basls, a#e, nevertheless, in general egreement wvith what has EB
been said on the subject of the urinary lead excretions in relation to
lead exposure, in the foregoing discussion. Time and further work

wvill be reguired to work out an exact correlation betveen the two
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TABLY. 1

FAREQUENCY OF OCCURRENCE O SYMPTOMS IR ¢ CASES OF LEAD
PULSONING STUDIED BEFORE SUBSIDENCE OF AH ACUTE EPISODE

Symptoms ilecorded as Occurrline slo Deta
Weakncss 20 o
Weight lose 27 2
Constination 25 5
Colic 24 o
Anorexiz 23 T
Abdominal pain 23 7
srthralgia 21 9
Lassitude 17 1z
Frequent use of cathartics 17 1z
Generalized aching 16 13
Vomiting _ 16 14
Nausea 15 15
Insomnia 13 17
Leadache 12 18
Hdetalllic taste S 12 18
Generalized stiffnesa 10 20
Excessive dreaning 2 21
Excessive salivation 8 22
Locallized myalgla 8 22
Vertigo =~ _ 8 22
Nccturia 5 2
Numbness of extremities 5 <5
Muscle creames. 4 =6
impotence 5 &y
Visual disturbances 3 2
"Nervousness"” 3 27
Convulsions 2 o8
Dysphagis 2 28
Ataxia 2 o8
Stupor or coma 2 28



TABLE 2

FREQUENCY OF OCCURRENCE:OF PHYSICAL SIGNS IN 30 CASES OF
LEAD POISONIRG STUDIED BEFORE SUBSIDENCE OF AN ACUTE EPISODE

Physical Signs Present Absent Jo Data

Lead iine 20 10 ¢]
Pyorrhea ' 20 5 5
Extensor weakness of wrists 17 9 y
Malnutrition 12 12 6
Abdominal tenderness 11 1% 5
Hyperactive biceps reflex 10 12 8
Hyperactive patellar reflex 9 18 3
Tremoy 9 12 9
Pellor 8 11 11
Sensory disturbances 7 17 - 6
Excesslive salivation . 5 14 11
Myoedemna / 4 5 21
Joint tenderness ;4 20 . 6
Eyeground changes 3 20 7
Stupor 2 28
Convulsions 2 28
Delirium 1 29

Come 1 29 .
Bilateral wrist-drop 1 23
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CHIEF COMPLAINT AT TIME OF EXAMINATION IR
23 CASES OF LEAD POISONING STUDIED BEFORE

SUBSIDENCE OF AH ACUTE EPISODE

menlaint Froguency

Abdominal pain, cramps or
collic 22

Cenersal wveakness

Joint pain.

HooWw

Nauses and vomiting

N1 £772
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TABLE #

RANGE OF VALUES AND MEAN VALUZS FOR VARICUS ITEMS OF

TLABORATORY INFORMATION ON 30 CASES OF LEAD POISONING
STUDIED BEFORE SUBSIDERCE OF AN ACUTE EP1SODE

Item

Erythrocytes (M/cu mm)

Hemoglobin (Gm/100cc)

Leucocytes {cu rm)
Percentage polys.
Percentage lymph.

3tippled erythrocytes/mil-
lion

Lead in blood (Hg/100 gm)

Lead in omall sample of
urine (Mg/L)

Lead in large rample of
urine {Mg,/L)

" -

Range
3;440-5.400

8.47 - 14.9
4,300-11,000
35 - 88
12 - 56
720 - 16,000

0007 - 0135
0.07 - 0.85

0.12 - 0.33

Hean and P. E.

4,275 < 71.0
11.8 1 0.3

7,750 + 300.1

60.6 -~ 1.7
32,7 < 1.5
5,856 -~ 688

0.17 £ 0.01

0.23 & 0,02

0.22 - 0.01
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Lerd in Frequencies of Occurrence of Values Indicated Leag in. Freguenc
28 Hr. Samples of Larpge Volume on  * . Samples of Large
Millleroms Samples on ' . Milligrems | °
Unexpoaed Unexposed| Workmen in|Worlmen 14 Workmen i Workmen in}] orkmen in Workmer
rer Litep Experimental|Persons |Plant A |Plant B | Plant C | Piant D per Liter [Plant E  Plant ]
Subjects i -
0-0.01% 329 32 8 3 0-0.079 11 4
0.02 216 54 8 110 5 3 0.08 1 27
T~
0.06 1 3 3 104 11 17 0.24 8 7
0.08 1 2 15 5 10 0.22 2 1
0.10 2 9 0.%0 1 2
0.12 B 6 0.48 1
0.14 3 9 0.%0 2
0.16 3 0.6%
0.20 1 0.72
or
0.22 " S 0.83 more 3 2
No.of Samples 574 125 23 471 - 7;; 3 62
fio.of Persong 2 125 24 9 36 7 73 24
Moan 0.021 0.028 | 0.037 0.051 0.079 0.027 0.155* 0.17
P.E. 0.0003 *0.002 [*o0.004 19,0005 E3.008 2. 004 -0.007 | -0.0¢
5.D. $0.003 $0.018  |#2.025 3,016 E).0%0 23,085 0
s -0.087 -0.08
* "rrna calculdted on remults lehnve deotbod 11ne. i !




