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THE RESULTS OF EPIDEMIOLOGICAL STUDIES

'OF THE BIOLOGICAL EFFECTS OF LEAD PRIVILEGED INFORIATION
| v | » ‘ —NOT FOR PUBLICATION OR
« PUBLICATION REFERENCES

In studylng diseases due to a single environmental

agent such as lead, three main stages in man's state of

knowledge may be distinguished. The first is the recogni-

~tion‘of the diseased state but without apprecilating the
nature of the causatlve agent. It 1s at this stage of
man's knowledge,that Paul of Aegina and Avicenna describe
) ' . —_ .
patients suffering from “"colicky affections" accompanied -%

by pearalysis which may well represent descriptions of lead

poisoning, but it is not until the 2Qg“geptury B.C. that
man enters the second stagé‘of his knowledge of the bilo~
logical effects of lead when there is uneguivocal evidence
linking the disease to the causative agent ;.lead} At that
time Nikander wrote his "Alexipharmaca" describing both
colic and paralysis as the resuit of ingesting litharge
(iead oxide). The third stage in our increaéing knowledge

of the biologlcal action of an agent such as-lead comes with

) the.demonstration.that the severity of the effect produced

is directly related to the amount absorbed. This third

stage of_knowledge-is often late in coming because,onli

severe disease produced by massive doses is recognlzed at

first and more subtle effects are missed. Such situations

are iliustrated by the sporadic and usually accidental lead
ekposures reported after 1500, at about which time the ievelopee
ment of printing made the dissemination of such reports easier

and their preservation more certain.
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In 1572 an epidemic of lead poisoning occurred in

- the French province of Poitou due to drinking wine adulter-
. ated with litharge (lead oxide) and from that time on repeated -

epidemics of lead poisoning due to intentional or‘aecidental

adulteration of cider,(B)'rum,(6) food(7)'or caused by drinking

" water conveyed in lead pipes,(8) (9) were reported. In the

more recent past there have been outbreaks of lead poisoning
presumably due to alrborne lead particulate derived anm the

burnlng of o0ld automobile batteries to provide domestic heat~
(10) (11)

It is with the beginning of‘the:Industrial Revolutien;v
with the splitting up of the manufacturing process into dis-
crete operations performed by separate greupé of men with aif-

fering degrees of lead exposure that it becomes ppSSible to

.Astuéy sickness rates and relate these to the level of lead in

the men's environment.

~

One of the first studies to clearly show such a relation-

- ship between the ‘level of the lead exposure and-the amount and

severity of the sickness produced was that of G. E. Duckering

in 1908. (lOa) As a result of his measurements of the amount

. of lead in the air breathed by workmen in a number of Bri_t'ish

faetories and hls records of the number of men showing signs

~of lead intoxication, Legge and.Goadby suggested in 1912 that

"if the amount of lead present in the air breathed contains

less than 5 milligrammes per 10 cubic metres of air, cases of

S
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_encephalopathy and paralysis would never, and cases of colilc

very rarely occur. And this figufe is a quite practicel one

in any process amenable to locally-applled exhaust ventilation. -
SOmewhere'about 2 milligrammes, or 0.002 gramme, of' . lead we '
regard as the lowest dalily dose which, inhaled as fume or dust

- in the air, may in the course of years set up chfonic plumblsm (1Ob)

With the demonsfration that exposure to a certain‘aﬁoudt
of lead caused a certain biological response and that as the |
dose of absorbed lead diminished the clinlcal response became
less, the prevention of the disease depended increasingly upon
the ability of the engineer to control the level.of'lead in
the workman's environment. This ability to control lead poi-~
soning by a.oombined-medical and engineering approach backed |
by governmeﬁt regulations 1s illustrated by the figures for
notified cases of lead poisoning in Great Britain which fell

. from 1,058 in 1900 to 239 1n 1928.{19°)  sing1ar studies were
(1%) (31)

carried out in the United States and confirmed that

the number of cases of plumbism was positively correlated
with the level of lead in the alr as shown in Table I taken

from Reference 14,
_ TABLE I

| CASES OF PLUMBISM AMONGST BATTERY WORKERS
IN AREAS HAVING DIFFERENT LEAD EXPOSURES

Atmospheric Lead Concentration
(Mgm Pb per 10 m3 air)

- 0 - 0.74 0.75 - 1.4 1.5 - 2.9 Over 3
Men Exposed 97 8l 168 ' 125

Men with early plumbism 4 6 50 67
“"y Percent affected 4o 7.1 29.8 53.6

e . Ao e g . . . . . et e e -
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Because the major route of entry for lead in the industrial

worker is through the lungs, information £rom the study of -

 “industrial populations commonly relates the ciinicallorfbio—}
}ghemical findings to the 1eve1“of lead in the aif, but similar
felationships between the amount of lead ebsorbed.and-fﬁe bio-
»E logical effect produced has been found for ingested lead(16)
and'for.lead injected intfavenbusly as a thenapeutic'égent.(l7)
It has also been found from such studies that the level of lead
exposure is reflected in the level of lead in the biood and thev
amount of lead excreted in the urine of the expdsed'berson.,
Such relationships may Show a considerable degree of variation
wheh the values from individﬁal persons are considered but this
variation is much less when the average or median values for
groups of persons are studied, (Table II) The values in Table II )
shoulé be hsed only to show a general tendency for increasing
1eyels'of exposure to be reflected in increased blood lead con-
centrations since the iead exposure 1s not oombletely described
- in terms of particle size and this is known to play an important
| .Qart in the deposition and absorptien of lead in the lung; Another
factor tending to reduce the degree of correlaﬁion in this study
between the blood lead and the level of lead in the air 1s the
medical control exerted by the physicians in charge of the battery
workers. This control removed many of the men in the high exposure
groﬁp and placed fhem in areas of lesser exposure where they appear
in Table II under the heading ﬁExposure changed." A more recent
study(18) that illustrates the'ﬁelafibnship between lead exposure
and urine and blood lead levels provides‘the data for Table III.

B L
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. Depaftmental means and sténdard errors of eight-
. hour lead- in~air concentrations and blood and urine. 1ead
concentratlonp for workers working in an electric storage

baotery plant.

TABLE III

) (Ref. 18)

- ~ Pb-in-fir BL

JOB n o (mg/Mm3) - (ug./100 ml.) (ug /1 )

g Mean S.E. Mean S.E. Mean E.
Machine pasting 6 0,218 0.025  74.2 4.7 163.8 21.2 N
Hand pasting 8  0.150 0.029  63.2 9.2 111.3 . 14
Forming 9 0.134 0.013  63.0 2.7 114.0 7.2
Casting 6 0.052 0.003 - - . -  87.9 6.8
Plastics Dept. A 5  0.012 0.0008 27.2 1.4 3.5 3.2
Plastics Dept; B 5

0.009 0.0008 29.1 1.6 34.8 2.0

T | In this study by Williams although the number of men observed
(39) was not large, the use of personal alr samplers and the
i number of observations ‘made gives the results a more than
usual value. From this data Williams calculated correlation -
coefficients (y) and regression equations XY of the biochemical
value (Y) with the mean 8;houb 1ead:in;éir concentration.(X).

. These results are shown below:

. w. SR . . oy
Blood lead. 0.90 30.1 + 201 X - 0.0975 + 0.00399 Y
Urine lead 0.82 . U45.5 + 486 X - 0.0277 + 0.00138 ¥

ey
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Experimental exposures of human beings to known concentrations

_;L}i ) _-of airborne or ingested lead have provided graphic data
descrlbxng the relationshlp between the exposure level and the

'blood and urine lead concentratlons (19)

A1l of the informatioh so far discuéséd deals with occupa-

tional or experimental exposure but ':;,'at levels of lead found
similar

in ‘the urban environment a/forrelation between the concentration
Ky 21
‘of 1edd in the alr and lead In the blood has b?e?=; (20)( Wgth

regard to lead as a community air pollutant, ~theré have been no
casés»of characteristic lead 'poisoning due ' tohlead as a
community &ir pollutant.: ‘»Therefore from this point on,
attention will be centered on those studies concerned with health
effects of 1ead'other than classical lead polsoning. Three main
épidemiplogical approaches have-been used in seeking éuch healﬁh
effects. The firsﬁ has .been to compare the health of occupational
éroups with'documented lead exposures With the health of gréﬁps '
not so exposed. The second approach has been to study persons»'\h
‘ with a certain_d;éease and cbmpare their tissue 1evelsl of lead
with persons who are otherwise similar but do not suffer from thg _
disease. ?he third method is to study the geégraphical distribu-
“tion of'g disease and compare it with the geographical distribu-

tion of a type of lead exposure.

DUPO050055975
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The first method, if properly carried out, probably offers h
433 the chance of the greatest precision but suffers from certain
| llmltatlons which are inherent in the nature of an employed
. population such as belng restricted to a certamn age range and
initial state of health. In the case of the lead industries it
is also likely to be predominately a male group.
There have been very few,epidemiological studies of groups
Gccupationally exposed to lead in which a large number of factors

vere documented and the results in dlfferent exposure groups com=

pared.

One of'the earliest of such»studies to use moéern epi-
demiological methods was of persons exposed to lead arsenate as
a result of the use of this compound as an insecticlde. '

In common with most eplidemiological studies whioh.may be
1ooked upon as naturally occurring experiments in whieh the
Investigator has little or no control over the experimental design
this study of the orehardists in the Wenatchee area of the state
of Washington was complicated for the purposes of this discussion
by dealing with an exposure to lead arsenate. This raises the

compared with the
question as to the relative importance of the 1ead/1 arsenical
portion of the lead arsenate molecule in the overall tox101ty of

thevcompound. -An attempt to answer  this was made by special studies

in enimals.

DUP050055976
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these
It was found in/animal studies that the more toxic portion of

the molecule of lead arsenate is to be attributed to the <7

~

arsenical radical rather than to the lead or a synergistic

action of the lead and arsenic. ( 3)

TABLE Iv

. URINE LEAD VALUES OF PERSONS IN WENATCHEE STUDY .
S ____CLASSIPIED BY SEVERITY OF EXPOSURE

. (Ref. 22) o
: Urinary Lead.
mg Pb per liter

No. of . Aver- SD
Analyses  age

- Low exposure group
Men. 146 0.035 . 0.021
Women 123 ~ 0.028  0.019

Inteﬁmediate-expcsufe,group |
Men 102 0.043 0.301
Women 25  0.027 - 0.014

- High exposure group
' © Men 386 0.09  0.060
Women - 61 0.05 0.024

Children under 15

Boys 81  0.05 0.039
Girls ' 65 0.05 0.405

DUP050055977
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While the lead values shown in.Teble IV are not as high as
tﬁose someﬁimes seen in other industrial exposures, they-are

of particular importance for thls reason since the urine lead “
concentrations range fr&%%?tlﬁzégﬁ;gﬁ¥§lf§ﬁ;d in urban com~
munitles to those found in noderate lead exposures in industry._
| Among Lhe factors studied in assessing the health of the
orchardists were weight, blood pressure, diseases of the

‘ cardlovascular system, skin disorders, eye irritation, chronic
nervous diseases, blood dyscrasias, kldney disease, pulmonary

tuberculosis, visual acuity, syphilis, neoplastic disease and

fertility.

Each factor was studied uo find out whether it had
‘been modified by lead arsenate exposure. Insofar as compare—
tive data for other populations were availgble, no evidehce
was'found that any of these ﬁactors was altered by the lead
arsenate exposure. Speclal attentlion was given to medical
examination of*ch;ldren because, in ﬁhe Wenatchee area where
orchards surrounded the commuuities'or the houses in which
* they lived, there ﬁere unusual opportunities for children to
be exposed to lead srsenate'insecticide sprays and spray
residues on branches, leaves and grass in addition to lead
;arsenate Spray residues they ingested on apples. There was
| only one respect in which these children-differed from chil-
~dren in'other‘distriots thelr urinary lead and urinary'arsenio
vaiues were nearly twice as high as the corresponding values

for a group of 18 children taken at the same time in Washing-

DUP050055978
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ton, D. .C.{who had a mean urine lead level 0.026 mgm/Pb/

1liter 8. D. 0. 0128 ) There was no indication of adverse

_ the Wenatchee chil~
effects of lead arsenate exposure on the health of iu dren

. children.

. ~ While this study of persons exposed to lead arsenate
has many deflciencies when used as a source of information |
on the possible biological effects of lead as an

urban air pollutant it is particularly important for two
reasons. Flrstly, it is one of the few modern studies con-
taining an.appreciable number of women of childbearing age;
‘and secondly, it is one of the few studies having children

with a lead exposure other than flaking 1ead paint.

| A study of storage~pattery workers'previously
referred to (14) and who showed the range of blood'iead.con- ,
centrations shown in Table Ii%'was also studied for the pose
S sible effect of the lead exposure upon. the incidence of
| diseases other than plumbism. Seventy-five percent of the
. 766 men studied had been employed in electric storage-battery
plants for more than five years and about 12 percent for 20
years or more. In this study the incidence of disease in thej
high-exposure group (exposed to more than .15 mg Pb per M3)
. incldence in the
was compared with the/low-exposure group (exposed to less
than 0.15 mg Pb per M3) The'prevalence of arteriosclerotic;
-hypertensive heart disease did not increase with increasing

\r} atmospheric lead concentration. In the age range 45 - 54

DUPO050055979
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-which covers the period when degenerative‘cardiovascular

disease 1is making its appearance, 53 workers were exposed
. to atmospheric lead cohcentrations below 9;15 mé Pb_per'M3
and 32 percent were fbund.to have arteriosclerotic hyper;
tensive heart disease as defined in the'study. In the 66
. workers in the same age range exposed te concentratiohs in
excess of O. 15 mg Pb per NS also had a 32 percent incidence
" of this type of heart disease. '
| Another statistical treatment, shown in detail in
Table V, is to use the population exposed to less @hah '

0.15 mg'per 1 m3

as.a'basis for predlcting the number of céses
‘that would be expecfed 1f the same rates of Encidence pre;
vailed in al? age éroups of the nore thVTT§#;xposed’popula~
tions Thusf if this assumption were correct, one could
expect to find 35 cases of heart diseases of the arterio;
. sclerotlc~hypertensive group in 263 workers between 25 and
65 years of age exposed to atmospheric lead concentrations in
excess of 0.15 mg'per 1 m3” Making allowencerfor the differences
in age distribution% .actually, 37 cases were found, a number
that agrees closely with the expecteq value. The agreement
is even closer for the 102 workers who chahged Jobe within
5 years of the time of study, the expeetea’valu‘e of 13.7"
checking the observed number of cases, l4. Thus, it may be
coneludéd that an increase in 1ead exposure was not accoﬁ-
o panied by any increase in the prevalence .of this group of

4

dlseases of the cardiovaucular system.

DUP050055980
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When lead-affected workers are compared in the same
- way as before with workers exposcd to less than 0.15 mg

Pb per 1 m3

of air'one woﬁld expect to find 27.3 cases of

arteriosclerotic-hypertensive heart disease in the‘169-

~ lead-affected workers between the éges of 25 and 65. Act-
ually, there were 34 cases bqt,‘considering the standard

._ deviatioﬁ (4.78) that aﬁtaches to such an estimate, the

. difference is not statistically significant. Application

of ‘a chi-square test confirms this conclusion.

Response to-a standard exefcise»testywas as good in -
" men exposed to lead concentrations in excess of 1.5 mg Pb

3

per 10 m” as it was in men 6f comparéble age exposed to
| lower concentrations. Men who had changed jobs during the
preceding S‘yéars alsb, as a class, had equally satisfactory
returns to preexercise pulse rates and systoiic ané diastolic

blood pressure values.

In two age groups of storage-battery workers, 35-—44'
and 45-54, the differences between-préexeréise vaiues and the

values prevalling 3-minutes after exerclse were in close agree-

-

ment, - I_L
’ Application of a probability test indi-

catedvthaf the difrerences weré in all cases not significant.

DUP050055982
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Blood pressure values, measured with the mercury syphg-

. momanometer, agree closely with the average values for 6,667

industrial workers in 9 other industrles studied.by'thé Public

Health Service.(eu? '

As an additional check, a tabulation was made of men

.with‘preexercise blood pressures in excess of 150 mm. Hg.

The number and percentage with higher systolic pressures,

here designaled as cases of‘ﬁypeftenéion, appear ih'table,68
' (24)

- The percentage values agree closely, showing that hypertension
of this degree is no more prevalent in the storage-battery

" industry than in other indﬁstries;

This information on the‘status of the cardibvascular
system has been given in some detall because this sysfem has
been the thought to be’affeoted‘by lead by many earlier writeré
but after reviewing these authors Agbvéoncludes "Although the
general clinical opinion holds that arteriosclerosis 1s a .
result of éhronic plumblism, thils 1dea i1s based entirely on
the occurrence of this condition in many postmortum examina-

tions, That arteriosclerosis is much more frequent in those

- exposed to lead than iﬁ other individuals of the same age,

however, needs much more statistical proof before it can be
accepted."(25) Cantarow and Trumper in their book on lead
poisoning'are inclined to believe that lead at high concentra-

DUP050055983
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tions sueh that lead poisoning has occurred or is 1ikely

~ to occur may be assoclated with degenerative vascular

disease.

at hlgh levels
Support for the view that 1ead/hay be linked to degenerative

vasoular disease found in a British study of battery workers(27)

NES
s :
S

in which three exposure grades were defined Grade A - no

_exposure, Grade B - negligible exposure and Grade_c -

eprsure reppesented for the last 20 years by a mean lead

in urine values between 100 and 250 mg/liter {but in the

past these have not infrequently exceeded'ESO ‘mg/liter )

The mean exposure period for the pensioners in Grades B

. and C was 35. 3 and 32.3 years respectively, whlle for. men

dying whilst employed, the mean exposure for Grade B
exposures was 26.8 years and that for Grade C 21.8 years.

In studying the number of deaths from all causes amongst

" the pensioners'there was found to be a significant excess

in Grade C but not in either of the other Grades. When the _ .
deaths attributed to vascular lesions are studied in this |

series a highly significant excess of deaths due to cerebro-

vascular catastrophies was found amongst Grade C pensioners.

As can be seen in Table VI while the deaths of pensioners
prior to 1950 showed an excess of those observed over those
expected in both Grade B and G, after 1950 only Grade C

showé an excess of deaths. This. suggests that improvemehts

K4
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in hyglenic standards with a consequent decrease in the

lead exposure may have resulted 1n the observed improve-

ment in mortality experience. It i1s unfortunate that this
study which was initiated to study the incidence of cancer
| amongst battery workers did not contain more information
'.eﬁ the'physiolegic status of the men. For instanee it
L would have been most interesting to have known the incidence

- of hypertension in the various exposure groupss

The apparent difference in the experience of Europeah
and North American 1nvest1gators studying the effect of lead
on the blood vessels is thought by Lane(3o) to be probably a
reflection of differing working conditions on the two sides
of the Atlantic &although he points out that the study of
Dreesen(lu) contained ohly 12 percent of men with more fhan
20 years' exposure and that no adequate study has been con-
ducted of workers in the United States exposed to high 1eve1s
of lead for one or two decades. Support for the view that
lead workers in carefully supervised plants do not even after
long exposure have an increased risk of hypertension compared
with nonlead workers comes from the study of Qramer (34)

Three—huhdred and sixty~four workers were studied, 82 of whom
had been employed for more than 20 years, and 265 for more
than 10 years. The incidence rates of hypertension in the
"various age'and exposure groups were then studied and compared

not only within groups but against data gathered in an exten-

sive Norwegian study of nonlead-exposed men. In none of these

DUP050055986
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comparisons was there any evidence of an effect of lead

exposure either in @uration or in severity upon the inci-

dence of hypertension.

 Thé‘saﬁe donfusion of claims and counter claims for
‘A'the.sffects of lead surround the subject of kidney disease
éﬁdshigﬁ'blood pressure. 'Vieﬁs oh These topics:spﬁear to
depend a8 they do with arteriOSclerosis on the character-
-istics of the lead exposure of the workers studied. The
saflier obseryers who saw many more cases of heavy prs- "
isnged exposure to lead than is possible today were con-
vinced that chronic kidney disease and high blood pressure
weré direct although delaysd consequences of exposure to
lead. The extensive literature on this matter has been
reviewed by Radosév.(Bg) It.is pointed oui by Brownihg(30)
vthat no actﬁal rise in blood_pressure of workers in the‘ '
electric storage battery industry has been demonstrated by

Belkﬂapgal)nbréesen,(lh)

or Lane,(eg) and that thls absence
of significant change shows that their eXposurs had not
reached a dangerous level and thaﬁ the disappéérance pf.
chronic renal diseése in lead workers is probably due to
the improvement of conditions in modern lead industries.
Thereforé.looking at these controversiai matters from this
point invtime it would appear that the modern“leéd wofker,
although still showing a highsr lead absorption than the
‘nonlead worker,'does notirun thetrisk of arteriosclerosis,

<;> } hypertension or kidney disease due to his lead exposure.

. This conclusion would be supported by the Wenatchee study(22)

. .‘-'»‘3 i .
with}is generally moderate level of lead exposure and the
. A\ . . ) .
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studies of Baader(™") ana vigriani.(*) mhe eptdemiological

experience with groups of persons exposed to lead and other

_*  materials in consuming 111icitly distilled alcohol is dealt
with elsewhere in this publiéation, but'in general itﬁmay
‘ - be sald that the kidney disease seen in such groups is asso-
. olated with high lead absorption.(33)

- In concluding this review of.infdfmation from épidemioQ’
logical studies of lead workers, it is 1mportant to raise the
quéstion of whether certain groups of workers are more sus- E

~ ceptible than others to the effect of lead. As must be |
repeatedly emphasized, it 1s not sufficient té consider ﬁhisb
question alone, but as with every consideration of the bio~

| logical effects ggelg§§2%u§€ ;iﬁ;;gpggugghsidered.. It might
be that differences in susceptibility would be shown under
conditions of severe lead exposure that would not be found

. af‘lead levels bommonly found in the general population while

 . | it is also possible that some persons would be found to be

ﬁnusually susceptible even at "normal® levels of lead exposﬁre.
on balance the evidence available at this time would favor the
former rather than the 1atter-situétion. There are two main .
groups that have been the subject of concern, controversy
and legislation with regard to their exposure to lead. These

: groups are women énd.children and the conﬁroversyvover whether
or not fhey are more susceptible than adult men to lead poi-

sohing conﬁainsvmény,éf the same preblems that were touched
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on in discussing the relationship.of lead to kidney disease.

One additiohal factor in the case of women and“children that

makes resolutlon of the controversy aifficuls is the bannlng
of both groups from the lead trades in most western countries
fqr the past 50 - 70 years.A Thus,,thc only occupational data
comes down to us from a time when severe and prolonged expo -
"sure to 1ead was common and the criterion of a lead effecu
was ¢linical lead poisoning. Oliver(35) said in 1902, "So -
far as occupational exposure to lead is ¢oncerned, my opinion
_ is'(l)-that women are more susceptible than men;”'(z) that
whiie female liability is greatest between the ages of 18 and
23 years, that of men is later; and (3) that while females
rapidly.break down in,health under the influence of lead, men
can work a longer time in the factory without suffering, their
res1stance apparently being greater. On the other.hand, the
Genmans at this same period felt that the apparenﬁ suscepti-
bility of women to lead polsoning ie explained not by their
sex, but by ﬁhe,fact that they are usvally more poverty-
stricken than the men, are undernourished, aﬁgvpbliged-to do
work for their families in addition to ﬁheir factory work.
Then, also, a women's skirt and hair collect the lead dust
so that she carries it home with her after work.(36) Support
for this view is presented by Hamllton(37) for the U. S.
battery industry arourid the beginning of the century. In “
those aveas where there were strong unions to which the men
" belonged, the menlenjoyed'good pey and iiving éonditiens-while

the nonunionized women were underpaid, poorly housed, poorly

L '\\
i

fed and subject to the worry and strain of supporting depend-

ents on low wages. Under these condltions a much larger pro-

PR
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portion of women than of men were fouud'sufferiné from lead

poisoninnghile in the nonunionized pottery fields where
‘both men and women were both making low weges and ecbnomic
conditions were poor for bbth men and women, the’rete of
'1ead poisoning was slightly greater among men.,~ Information
supporting the greater susceptibility of women to lead is

e given by Lane(29)

quoting a British departmental committee
'report on the dangers attendant on the use of lead in the |

: manufacture of eabthenware and china. This report makes it
possible to compare the incidence of lead poisoning in men
and women~engaged on the same work - ware cleaners, dippers
and»dipping assistahts. jThe'female incidence rate was shown
to be from two to three times ‘that of the male.  Of course
factors such as work habits, labor curnover, éeneral health

' might influence these statlistics but the committee making
the report was sufficiently impressed with the data oefore

. them to expressutheir belief that women are more susceptible

to lead poisoning than men.

| While the spatistics évailable on the relative sus-
ceptibility of men and women leave much to be desired, there
.is even 1ess 1nformation on whether 1ead poisoning ‘shows a
significantly diflerent clinical picture 1n men when compared
with women. In one of the few such comparisons undertaken
there 1s a suggestion that there may be such a difference.

'Prendergast(3 ) found the followingoincidence rates for
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various expressions of lead poisoning among 640 cases of

* plumbism in the Staffordshire pobteries.

Men

Colic . 4 : 77.6
Paralysis _ 57.0.
~ Convulsions - 15.0
'~ Blindness (total) 2.3

Blindness (partial) 3.5.

Women

30.0

34.9

77

10.2

. From this admittedly sketchy data there is a suggestion

~ that when there has been a sufficient exposure to lead to-

cause ¢linical poisoning women are more likely to show cen-

tral nervous system manifestations and men, peripheral

nervous system 1nvolvement. This 1atter.finding'mighé be

related to the fact that men are more likely to be engaged

in heavy work and the amount and type of physical effort has

been thought to affect the iﬁcidence and location of the

muscular paralysis.

In discussing the possibility of women being more

sensitive than men to the same dose of lead, there are related

topics which it is also necessary to consider. These afe the

of lead - ‘

effect/on fertility, gestation and neonatal health.

~In the stﬁdy'of the earthenware and china workers

previously referred to the committee found that the incidence

of miscarriage per'hundred mothers was almost thpee times as
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great among those who continued on lead work after their

marriage compared with women noﬁ.occupationally exposed to

lead. In a review of the effect of lead on reproductive

. capacity Lurd(39) concludes from studies conducted prior to
1920 that "even when Lhe mortality of that time is taken

" into account, the number of “productive" pregnancies is
abnormally small“‘(in.mothers occupationally exposed to iead);
The earlier writers, Hamilton, Oliver, Legge, Caﬁtaroﬁ'and
Trumper are unanimous in their view that lead in high con-
cehtratiohs affecté the reproducéive capaclty of women and
that having regard to the poor hygienic conditions in the .
lead trades at that time women spould not work in these

‘tradés. As a result of these views, there was enactment of
legislation in many countries barring women from occupations
where they would be eXposed to lead. Therefore, there is'
almost no data on the effedt of the generally much lower

.concen?rations of lead now prévailing in these industries
upon reproductive'capacity. The Wenatchee study(ee) remainsg
“as the only evidence and in that studyfno.éffect on fertility
was found. In summarizing theif study of the fertility of
men and women in the.Wengtchee study the authors conclude

*}"The instances reported in the literature of an effect of
lead on,humantfe:ﬁility appear to be limited to men and women
who were fTar moréjheavily and much more regularly exposed'to
lead than the residents of Wenatcpeé. It would appear that
a clinical state appfoaching that of?frank lead poisoning
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is necessary before the fertility of men or women is

affected.,"”

- The other large group of particular inberest with
regard to the possibility of specially sensitivity to lead
' is children and here again despite the voluminous literature

on childhood 1eéd pbisqning, there is little data bearing

D

directly on the problem. Since childhood lead boisoning

is dealt with in detall elsewhere in this publication, |

thistmatter‘will not be discusséd further beyond the following

quoﬁation from Chisholm.(qo)‘ "The more frequent occurrence of
encéphalopathy in children as compared with adults may depend
in ﬁart upon their more intense exposure rather than upon any
inherent bioibgic differences between child and adult." The
majority of the early writers on the health of‘lead.workeés )
have rema%ked on the inﬁividual variability shown by persons
exposed to high levels of lead. Some men becéming intoxicated
within a few weeks, whereas others can work for years in the
'same sufroundings wlthout apparent harm. Undoubtedlj some

" of this variation,in’responée was due to differehces in working
habits and even today similaf variations can be found although
now it is more likeiy to be oonfinedlté a difference in the
amount of 1ead absorbed rather than to variations in overt ‘
toxiclity. ‘There isla géqd_corfelqﬁgon bétw%enfbiood lfég )
levels and aif lead levels o ',‘“‘with'relatively little
‘variation from man to man when the.majbr;portion of the lead

eprsure is from the air but when the'work involves Jjobs such
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aS‘hand pasting of battery plates wlth a much greater chance

of Mocal” lead contamlnatjon the varLabil;ty of lead absorp~

tion between men increases as much as four fold (18) There
'.fore, it is probable that at 1east some of the apparent

individual resistance to 1ead poisoning seen by the earlier
'vwriters refiects variations in norking’habits and therefore |

of lead absorption. 'There remains however a likelihood that |
“'pensons respond aifferently to the same dose of lead, but

whether this\differenoe would be of any praotical importance

at the levels of lead exposure now found in the generalnpoppla;

tion seems unlikeiyazut merits further gtudy. Such studies'

should first consider persons known to already have biochemical
' defects in systcns of the body known to be affected by lead

in adequate amounts. Examples of such defccts would be sickle

cell anemia, glucose~6-phosphate deflclency, the porphyrias

and gout.

At the beginning of this section on the epidemiology
of 1ead_three main avenues.for using epidemiological infOrma;
tion to.throwblight on tne effects of single environmental
agents were outlined. After devoting most of the available
-space to studies of occupatjonally exposed populations because
in this type of study the factors under study are usually"
easier to document consideration mugzﬁge gaten to the remaining
two arcas of study Although/giidylng the tissue levels of
lead in various diseases anq/gooking for a congruence between’

~ disease distribution and some measure of 1ead exposure are
attractive concepts,  when 'the results are positive, the

investigator is faced with a formidable task in dealing with
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the question of - Did lead cause the disease under study?

This problem of declding whether two variables are merely

asSociated or whether one bears a causal relationship to

the ethef is deelt with by Sir Bradford Hill in:his.presi;

dential address to the section of occupa£lona1 medicine of

the Royal Society of Medioine.(Ll) Among the ‘aspects to

be considered in declding for or against a causal relation;

ship between the two wvarilables, Professor Hill suggests: |

Strength of aésociation, consistency, specifilcity, temporal

relationship of.the association, dose response curve, plausa-
'. bility,from the biological standpoint, coherence with generally

known facts, experimental evidence and judgement by analogy.

Two diseases other than classical lead poisoning have

: been studied ﬁor tissue levels of lead. These are renal
‘disease in Queensiand, Australie and,multiple sclerosis in
England. The Queensland study'of bone lead levels in renal

(42) showed that in 866 autopsies there were 160

- disease
cases of Brlght’s disease (chronic renal disease). If bhose
aged 20 - 49 years of age at the time of their death are
studled. 63 percent have no known cause for their renal

. disease and the remainder suffered from diseases recognized
to involve the kidney. The bone lead levels of those persons
with kidney disease of known causation were 51gniflcant1y _
lower than those havmng kldney ‘disease of unknown causation,
thus lending support to the belief (dealt with elsewhere in
this publication) that 1ong-stand1ng absorption of lead in

sufficient quantity can cause chronic kidney disease. The

source of the,iead in the Australian cases- was ' childhood
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ingestion of lead derived from exterlor house paint. The

‘ﬁi¥"' " authors of this study suggest that surveys of the lead
conten@,of tissues taken.fromlpersons dying of kidney
dlisease of unknown cause might be useful in providing
diagnostic clues at to'the cause., This work derived from
autopsy material has more recently been supported by

(43)

~ Emerson who was able to show that in a group of Aus-
trallan patlents with renal dlsease of undetermined origin,
the mobilization ofvlead from the bone by a standardized
ihfusion pf'Caloiuﬁ EDTA gave evidence of a significant
ﬁastvegposure to high levels of lead in 12 out of 16‘cases,

thus suggesting that lead might have played a part in the .

~ causation of the renal disease.

The other example of high tissue levels of lead being
correlated with a partlcular disease in a population was
“that of Campbell (") ymo reportea that teeth from patients
with multiple sclerosis contained on the average significantly
higher concentrations of 1eed than was present in the teeth
of normal healthy people. This observation was followed up
by Butler who observes that physiological changes accompenying
"chronic diseases may promofte the deposition of metals in the
skeleton as iilustraéed by the.incfeased deposition of zinc
in the'teeth in tuberculosis. Butler then goes on to ahalyze

the lead content of the urine,'biobd'cerebrospinal fluild, and
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and bone in 31 cases of multiple sclerosis and in 54‘cases

of neurological disease other -than multiple sclerosis. When
the lead levels in thé.twp serie5§uﬂ3 eompared.one‘ﬁith the '
other and‘with'commonly acceptéd normal'valﬁes no significant
differences were found. An examination of the lead levels |
in necropsy tissue including brain and Spinal cord from

- patients in whom the diagnos}s of multipie sclerosis waé
confirmed histologically did not show significantly elevated
levels. Butler concludes that his study does not support
the view that lead plays a part in the etiology of multipie
'éqlerosis; The final epidemiologiéal relatibnship to be
expioréd is_thét of theigeographical distribution of a diseése
and the relationship of this distribution to some index of

" lead exposure.

-Two diseases have been lookéd ép in this particular

.-manner in their relatlonship to lead. The first is multiple

| sclerosis and ﬁhe-second is cancer. Warren(48) hés drawn
attention to the great varlation in the incildence of multiple
sclerosié in diffefentvgeographical areas of Norway, Scotland,
Swedén, England ahd Cangda whi1e in séme of those areas_haviné
.a,ﬁigh incidence of the disease there.are_lead~bearing.roéks.
There are many reasons for not accepting this association to

| be a_canéal relationship at this time. The first is the
difficulty of obtalning adequate’stgtistics on the true
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incidence of a disease whose prevélence'is normally between

30 to 60 per 100,000 population and if deaths are the basis

_ of the reporting, then death rates may vary from zero to 4
-per 100,000, In the areas reborted as having a high,incidencé
such as the Orkney and Shetland Islands of Scotland with a
total populat¢on of around 36 000, the addition of a single
case in a dlsease that is particularly dlfficult to diagnose
with certainty can increase the overallﬁprevalence rate by
as much as 25 percent. Additional impediments to accepting
a causal relationéhipare the étrong North;South'gradient.in '
prevalence rates,(ug) the lack of recognition of multiple
;sclerosis as a sequela to industrial lead exposure the fallure
to show elévated lead levels in the brain, blood or urine of
multlple scleroszs patlents,(§7) and the evidence that multiple
sclerosis is probably an auto~immune dlsease possibly related

(50)%K

. to.an earlier viral infection. Warren ggints out that if
'Variations in canbér death rates are plotted on a geographic
,ba31s, striking differences appear in certain circunscribed
areas. Allen- P:c'a.ce(5 ) in a survey in Devon in England claims
that there is a higher incildence of cancer in persons living
“on the highly mineralized beyonian~geologicai formation than
on the adjoining carboniferous aﬁé granite formations. ‘Warrgn
“then goes on to state that in some cases rocks containing more
than 1000 ppm lead cén be corfelatéd with some of the high
cancer éreas encountered by Allenéfrice but thls was not a
uniform finding. Wafren mentions two other examplés of the
same rather tenuous nature and suggests that further studies
should be carried out. Apart from the diffieulties mentioned.,

' earlier of obtaining reliable mortallty statistics for small

%%uzuzsﬂw
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geégraphical arcas the even larger problem of the reliability

“of the information upon which the cause of death is based is

a well—recognl7ed ep1demiolog¢cal problem. Although.it,is
well recognized that lead at levels of one percent ér more

in the diet cause cancer of the kidney in rats, there is no .
evidence that this happeng in other speciles inClﬁding man.
Theﬂstudy”by Lane(l5) referréd to earlier among"lead workers
was undertaken to examine the’incidence of cancer and ﬁo |
increase in cancer incidence was found. ‘Although many human-

diseases have been alléged to have been caused'ﬁy lead.

. ‘Cancer is.one.disease tha?Jeven,in'ﬁhe days of heavy‘_
and pfOlonged exposure sufficieht to cause rena1~diseas§9was ndt_
thought by clinicians to be linked to the causation of cancer.
As Hammond says, "Tt is comforting to see evidence suggesting
v (52)

" that something is not the cause of cancer.

‘ (insert from page 30) ~
j*f The epidemiological evidence that lead can cause cancer in man

is mentioned more because of the seriousness of the disease

than because of the strength of the evidence.

G. J. Stopps/rim
Yy © Nov. 9, 1970
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